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. . A defibrillator is provided that includes a garment, shaped to
(73)  Assignee: RAINBOW MEDICAL LTD., Herzliya be worn aroundg chest of a patient; car%liac sensingpelec-
(IL) trodes, each of which is configured for placement in external
or internal contact with the chest of the patient; and defi-
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for external placement near the chest of the patient, and
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WEARABLE DEFIBRILLATORS

FIELD OF THE APPLICATION

[0001] The present invention relates generally to defibril-
lators, and specifically to wearable defibrillators.

BACKGROUND OF THE APPLICATION

[0002] Heart attacks may cause ventricular fibrillation
(VF), which is an arrhythmia characterized by uncoordi-
nated contraction of the cardiac muscle of the ventricles that
results in no significant cardiac output. If not treated quickly,
typically within minutes, VF generally results in death.
Treatment for VF includes prompt cardiopulmonary resus-
citation and defibrillation.

[0003] Defibrillators deliver a high-voltage shock to the
heart to terminate the VF. Some patients with a history of VF
are implanted with an automatic implantable cardioverter
defibrillator (ICD) that constantly monitors the heart rhythm
and applies a shock when necessary. Other patients may be
treated using an external defibrillator, such as in a hospital,
or an automatic external defibrillator (AED), which is avail-
able in some public places.

[0004] Still other patients are provided with a wearable
external defibrillator, which may comprise a vest, such as if
the patients do not qualify for an ICD. For example, post-
myocardial infarction patients may need to recover for
several months before they can undergo an ICD implanta-
tion. Patients may also not be eligible for an ICD if their
long-term arrhythmic risk has not yet been established. Such
patients can benefit from wearable external defibrillators,
which allow them to return to normal life with relative
security. The wearable external defibrillator comprises sens-
ing electrodes that sense the patient’s electrocardiogram.
Upon sensing VF or rapid ventricular tachycardia (VT), the
device applies an electrical defibrillation shock to the
patient’s chest.

SUMMARY OF THE APPLICATION

[0005] Embodiments of the present invention provide a
defibrillator that comprises a garment (such as a vest),
shaped to be worn around a chest of a patient; cardiac
sensing electrodes; defibrillation electrodes; and an external
monitor, which comprises control circuitry. Each of the
defibrillation electrodes comprises an exposed electrode
surface, and is coupled to the garment for external placement
of the exposed electrode surface in electrical contact with
the chest of the patient for applying one or more defibril-
lation shocks.

[0006] In some applications of the present invention, each
of the cardiac sensing electrodes comprises a conductive
element and electrical insulation applied to the conductive
element so as to electrically insulate the conductive element
from direct electrical contact with the skin. The control
circuitry is configured to apply a voltage between pairs of
the cardiac sensing electrodes, which causes a capacitance-
based current flow between the electrodes of each pair.
[0007] The control circuitry is configured to detect cardiac
arrhythmia using the cardiac sensing electrodes capacitively
coupled to the skin, ascertain that the detected cardiac
arrhythmia is a type of cardiac arrhythmia that can be treated
by applying defibrillation (such as ventricular fibrillation
(VF) or rapid ventricular tachycardia (VT)), and, upon
ascertaining that the detected cardiac arrhythmia can be
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treated by applying defibrillation, drive the defibrillation
electrodes to apply at least one defibrillation shock to the
chest of the patient.

[0008] In some applications of the present invention, the
defibrillator further comprises one or more external anten-
nas, which are coupled to the garment for placement near the
chest of the patient. In addition to or instead of the external
cardiac sensing electrodes, the defibrillator comprises intra-
corporeal cardiac sensing electrode units, which are config-
ured to be placed (e.g.. implanted or injected) into the body
of the patient, such as under the skin of the patient. Each of
the intracorporeal cardiac sensing electrode units comprises
(a) a housing; (b) at least two exposed electrode surfaces
mounted to the housing; (c) one or more internal antennas
mounted to the housing; and (d) electrode-unit circuitry,
which is disposed within the housing and configured to
wirelessly receive energy using at least one of the one or
more internal antennas, sense cardiac signals using the at
least two exposed electrode surface, and transmit, using at
least one of the one or more internal antennas, signals related
to the sensed cardiac signals.

[0009] The external control circuitry is configured to (a)
transmit energy to the intracorporeal cardiac sensing elec-
trode units using the one or more external antennas, (b)
receive, using the one or more external antennas, the signals
transmitted by the electrode-unit circuitry of the intracorpo-
real cardiac sensing electrode units, (¢) detect cardiac
arrhythmia by analyzing the received signals, (d) ascertain
that the detected cardiac arrhythmia is a type of cardiac
arrhythmia that can be treated by applying defibrillation
(such as VF or rapid VT), and (e) upon ascertaining that the
detected cardiac arrhythmia can be treated by applying
defibrillation, drive the defibrillation electrodes to apply at
least one defibrillation shock to the chest of the patient.
[0010] The intracorporeal cardiac sensing electrode units
may provide high-quality measurement of the ECG during
normal life activity, in which body movement may impede
accurate extraction of heart rate parameters. The measure-
ment may be generally continuous, if the external antenna(s)
maintains good wireless coupling with each of the intrac-
orporeal cardiac sensing electrode units. Alternatively, the
measurement may be intermittent (e.g., occasional and/or
unpredictable), such as if the garment and external antenna
(s) often move with respect to the chest of the patient, and
thus with respect to the intracorporeal cardiac sensing elec-
trode units, during normal life activity. In the latter case, the
external control circuitry is generally able to detect life-
threatening cardiac arrhythmia even though the intracorpo-
real cardiac sensing electrode units do not provide continu-
ous cardiac signal detection.

[0011] In general, the garment must tightly fit the patient’s
chest in order for the defibrillation electrodes to achieve
good electrical contact with the body. However, a tight fit is
inconvenient and uncomfortable for the patient over long
periods of time. In some applications of the present inven-
tion, the garment is normally worn loose. Immediately
before applying one or more defibrillation shocks, the gar-
ment is tightened mechanically to achieve close contact
between the defibrillation electrodes and the skin. To this
end, the defibrillator further comprises a tightening mecha-
nism, which is configured to modulate a tightness of the
defibrillation electrodes against the chest of the patient. The
control circuitry is configured to (a) detect cardiac arrhyth-
mia using the cardiac sensing electrodes, (b) ascertain that
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the detected cardiac arrhythmia is a type of cardiac arrhyth-
mia that can be treated by applying defibrillation (such as VF
or rapid VT), and (¢) upon ascertaining that the detected
cardiac arrhythmia can be treated by applying defibrillation,
(1) drive the tightening mechanism to increase the tightness
of the defibrillation electrodes against the skin of the chest
of the patient, and (ii) drive the defibrillation electrodes to
apply at least one defibrillation shock to the chest of the
patient.

[0012] For some applications, the tightening mechanism is
configured to modulate the tightness of the defibrillation
electrodes against the chest of the patient by modulating a
tightness of the garment around the chest of the patient. For
some applications, the tightening mechanism comprises one
or more balloons, which are configured to push the defibril-
lation electrodes against the chest of the patient upon
inflation of the one or more balloons. For some applications,
the tightening mechanism comprises materials that generate
a gas, such as CO2, by a chemical reaction. For other
applications, the tightening mechanism comprises one or
more springs, which are configured to push the defibrillation
electrodes against the chest of the patient. Alternatively, the
tightening mechanism may comprise one or more springs or
electromechanical actuators that are configured to tighten
the garment, e.g., by shortening a circumference of a belt-
like portion of the garment.

[0013] In general, a high-quality measured cardiac signal
is necessary to ensure that shocks are applied when neces-
sary (i.e., a low false-negative rate), but only when neces-
sary (.., a low false-positive rate). In some applications of
the present invention, in order to lower the risk of false
positives, the defibrillator further comprises a tightening
mechanism, which is configured to modulate a tightness of
the cardiac sensing electrodes against the chest of the
patient, and the control circuitry is configured to detect the
cardiac activity (e.g., an ECG) of the patient using the
cardiac sensing electrodes, make a preliminary detection of
cardiac arrhythmia based on the detected cardiac activity,
and ascertain that the preliminarily-detected cardiac arrhyth-
mia is a type of cardiac arrhythmia that can be treated by
applying defibrillation (such as VF or rapid VT).

[0014] The control circuitry is configured to, upon ascer-
taining that the preliminarily-detected cardiac arrhythmia
can be treated by applying defibrillation:

[0015] drive the tightening mechanism to increase the
tightness of the cardiac sensing electrodes against the
chest of the patient,

[0016] thereafter, again detect the cardiac activity of the
patient (e.g., an ECG) using the tightened the cardiac
sensing electrodes, and make an improved detection of
the cardiac arthythmia based on the again-detected
cardiac activity,

[0017] ascertain that the detected cardiac arrhythmia is
a type of cardiac arrhythmia that can be treated by
applying defibrillation (such as VF or rapid VT), and

[0018] wupon ascertaining that the cardiac arrhythmia
detected by the improved detection can be treated by
applying defibrillation, drive the defibrillation elec-
trodes to apply at least one defibrillation shock to the
chest of the patient.

[0019] For some applications, the tightening mechanism is
configured to modulate the tightness of the cardiac sensing
electrodes against the chest of the patient by modulating a
tightness of the garment around the chest of the patient. For
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some applications, the defibrillator is configured such that,
before the control circuitry drives the tightening mechanism
to increase the tightness of the cardiac sensing electrodes
against the chest of the patient, the cardiac sensing elec-
trodes only intermittently sense the cardiac activity of the
patient, because the cardiac sensing electrodes are not con-
stantly in tight contact with the chest of the patient because
of movement of the patient during normal life activity.
[0020] For some applications, the tightening mechanism
comprises one or more balloons, which are configured to
push the cardiac sensing electrodes against the chest of the
patient upon inflation of the one or more balloons. For some
applications, the tightening mechanism comprises materials
that generate a gas, such as CO2, by a chemical reaction.
[0021] For some applications, each of defibrillation elec-
trodes further comprises a reservoir containing electrically-
conductive gel. In order to release the gel before applying
the one or more defibrillation shocks, the defibrillator com-
prises one or more exposure actuators, which are typically
electrically coupled to the control circuitry. Each exposure
actuator is configured to remove a liner covering the gel,
such as by peeling or sliding the liner off of the gel. For
example, each actuator may comprise a motor and a roller.
For some applications, one or more disposable single-use
cartridges are provided. Each cartridge comprises one or
more defibrillation electrodes, liners, reservoir containing
gel, and actuators. Each cartridge is inserted into a corre-
sponding receptacle of the garment while the or more liners
seal the gel within the one or more reservoirs. After exposure
of the gel in conjunction with the application of one or more
defibrillation shocks, the cartridge is removed from the
garment and replaced with a fresh cartridge.

[0022] For some applications, in order to reduce the
amplitude or duration of the one or more defibrillation
shocks, the control circuitry is configured to apply lefi-
ventricle antitachycardia pacing (ATP) from a passive stimu-
lator implanted in the pericardial space, between the myo-
cardium and the pericardium, or another other cardiac
locations, such as in a cardiac chamber, such as in the left or
right ventricle. The ATP may be sufficient alone to resolve
the fibrillation. If not, the control circuitry applies the one or
more defibrillation shocks using the external defibrillation
electrodes. The pericardial passive stimulator is powered by
and in data communication with the external control cir-
cuitry via one or more garment-mounted antennas. For some
applications, the ATP device alternatively or additionally
fanctions as a cardiac sensor (e.g., an ECG sensor).

[0023] There is therefore provided, in accordance with an
application of the present invention, apparatus including a
defibrillator, which includes:

[0024] (a) a garment, shaped to be worn around a chest of
a patient;
[0025] (b) cardiac sensing electrodes, each of which is

configured for placement in external or internal contact with
the chest of the patient to sense cardiac activity of the
patient;

[0026] (c) defibrillation electrodes, (i) each of which is
coupled to the garment for external placement near the chest
of the patient for applying one or more defibrillation shocks,
and (ii) which include (A) respective reservoirs containing
electrically-conductive gel, and (B) respective liners remov-
ably covering the gel;

[0027] (d) one or more exposure actuators, which are
configured to remove the liners from the gel; and
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[0028] (e) control circuitry, which is configured to:
[0029] detect cardiac arrhythmia using the cardiac sens-
ing electrodes,
[0030] ascertain that the detected cardiac arrhythmia is
a type of cardiac arrhythmia that can be treated by
applying defibrillation, and
[0031] wupon ascertaining that the detected cardiac
arrhythmia can be treated by applying defibrillation, (i)
drive the one or more exposure actuators to remove the
liners from the gel, and, thereafter, (ii) drive the defi-
brillation electrodes to apply at least one defibrillation
shock to the chest of the patient.
[0032] For some applications, the one or more exposure
actuators are configured to remove the liners from the gel by
peeling or sliding the liners off of the gel. For some
applications, the one or more exposure actuators include
respective motors and rollers.
[0033] For some applications, the apparatus further
includes one or more disposable single-use cartridges, each
of which includes one or more of the defibrillation elec-
trodes, one or more of the liners, one or more of the
reservoirs containing the gel, and one or more of the
exposure actuators, and the garment is shaped so as to define
one or more receptacles for receiving the one or more
disposable single-use cartridges.
[0034] For some applications, the garment is selected from
the group consisting of: a vest and a shirt.
[0035] There is further provided, in accordance with an
application of the present invention, apparatus including a
defibrillator, which includes:

[0036] (a) a garment. shaped to be worn around a chest of
a patient;
[0037] (b) cardiac sensing electrodes, each of which is

configured for placement in external or internal contact with
the chest of the patient to sense cardiac activity of the
patient;
[0038] (c) defibrillation electrodes, each of which is
coupled to the garment for external placement near the chest
of the patient for applying one or more defibrillation shocks;
[0039] (d) a tightening mechanism, which is configured to
modulate a tightness of the defibrillation electrodes against
the chest of the patient; and
[0040] (e) control circuitry, which is configured to:
[0041] detect cardiac arrhythmia using the cardiac sens-
ing electrodes,
[0042] ascertain that the detected cardiac arrhythmia is
a type of cardiac arrhythmia that can be treated by
applying defibrillation, and
[0043] wupon ascertaining that the detected cardiac
arrhythmia can be treated by applying defibrillation, (1)
drive the tightening mechanism to increase the tight-
ness of the defibrillation electrodes against the chest of
the patient, and (ii) drive the defibrillation electrodes to
apply at least one defibrillation shock to the chest of the
patient.
[0044] For some applications:
[0045] the tightening mechanism is configured to modu-
late the tightness of the defibrillation electrodes against the
chest of the patient by modulating a tightness of the garment
around the chest of the patient, and
[0046] the control circuitry is configured to, upon ascer-
taining that the detected cardiac arrhythmia can be treated by
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applying defibrillation, drive the tightening mechanism to
increase the tightness of the garment around the chest of the
patient.

[0047] For some applications, the tightening mechanism
includes one or more balloons, which are configured to push
the defibrillation electrodes against the chest of the patient
upon inflation of the balloons.

[0048] For some applications, the tightening mechanism
includes one or more springs.

[0049] For some applications:

[0050] the defibrillator further includes one or more res-
ervoirs containing electrically-conductive gel, and

[0051] the tightening mechanism is configured, when
driven to increase the tightness, to release the gel to a region
between the defibrillation electrodes and the chest to
improve electrical conduction during applying of the at least
one defibrillation shock.

[0052] For some applications:

[0053] the defibrillator further includes one or more res-
ervoirs containing electrically-conductive gel, and

[0054] the tightening mechanism is configured, when
driven to increase the tightness, to apply pressure to the one
or more reservoirs, which releases the gel between the
defibrillation electrodes and the chest to improve electrical
conduction during applying of the at least one defibrillation
shock.

[0055] For some applications:

[0056] the defibrillation electrodes further include (a)
respective reservoirs containing electrically-conductive gel,
and (b) respective liners removably covering the gel, and
[0057] the defibrillator includes one or more exposure
actuators, which are configured to remove the liners from the
gel.

[0058] For some applications, the one or more exposure
actuators are configured to remove the liners from the gel by
peeling or sliding the liners off of the gel. For some
applications, the one or more exposure actuators include
respective motors and rollers.

[0059] For some applications, the apparatus further
includes one or more disposable single-use cartridges, each
of which includes one or more of the defibrillation elec-
trodes, one or more of the liners, one or more of the
reservoirs containing the gel, and one or more of the
exposure actuators, and the garment is shaped so as to define
one or more receptacles for receiving the one or more
disposable single-use cartridges.

[0060] Forsome applications, the garment is selected from
the group consisting of: a vest and a shirt.

[0061] There is still further provided, in accordance with
an application of the present invention, apparatus including
a defibrillator, which includes:

[0062] (a) a garment, shaped to be worn around a chest of
a patient;
[0063] (b) cardiac sensing electrodes, each of which

includes an electrically exposed surface that is coupled to an
inner surface of the garment for external placement on skin
of the chest of the patient to sense cardiac activity of the
patient;

[0064] (c) defibrillation electrodes, each of which is
coupled to the garment for external placement near the chest
of the patient for applying one or more defibrillation shocks;
[0065] (d) a tightening mechanism, which is configured to
modulate a tightness of the cardiac sensing electrodes
against the chest of the patient; and
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[0066] (e) control circuitry, which is configured to:

[0067] detect the cardiac activity of the patient using the
cardiac sensing electrodes, make a preliminary detec-
tion of cardiac arrhythmia based on the detected cardiac
activity, and ascertain that the preliminarily-detected
cardiac arrhythmia is a type of cardiac arrhythmia that
can be treated by applying defibrillation, and

[0068] upon ascertaining that the preliminarily-detected
cardiac arrhythmia can be treated by applying defibril-
lation:

[0069] drive the tightening mechanism to increase
the tightness of the cardiac sensing electrodes against
the chest of the patient,

[0070] thereafter, again detect the cardiac activity of
the patient using the tightened cardiac sensing elec-
trodes, and make an improved detection of the car-
diac arrhythmia based on the again-detected cardiac
activity,

[0071] ascertain that the detected cardiac arrhythmia
is a type of cardiac arrhythmia that can be treated by
applying defibrillation, and

[0072] wupon ascertaining that the cardiac arrhythmia
detected by the improved detection can be treated by
applying defibrillation, drive the defibrillation elec-
trodes to apply at least one defibrillation shock to the
chest of the patient.

[0073] For some applications:

[0074] the tightening mechanism is configured to modu-
late the tightness of the cardiac sensing electrodes against
the chest of the patient by modulating a tightness of the
garment around the chest of the patient, and

[0075] the control circuitry is configured to, upon ascer-
taining that the preliminarily-detected cardiac arrhythmia
can be treated by applying defibrillation, drive the tightening
mechanism to increase the tightness of the garment around
the chest of the patient.

[0076] For some applications, the tightening mechanism
includes one or more balloons, which are configured to push
the cardiac sensing electrodes against the chest of the patient
upon inflation of the balloons. For some applications, the
tightening mechanism includes one or more springs.
[0077] For some applications, the defibrillator is config-
ured such that, before the control circuitry drives the tight-
ening mechanism to increase the tightness of the cardiac
sensing electrodes against the chest of the patient, the
cardiac sensing electrodes only intermittently sense the
cardiac activity of the patient, because the cardiac sensing
electrodes are not constantly in tight contact with the chest
of the patient because of movement of the patient during
normal life activity.

[0078] For some applications:

[0079] the defibrillator further includes one or more res-
ervoirs containing electrically-conductive gel, and

[0080] the tightening mechanism is configured, when
driven to increase the tightness, to release the gel to a region
between the cardiac sensing electrodes and the chest to
improve electrical conduction when again detecting the
cardiac activity using the tightened cardiac sensing elec-
trodes.

[0081] For some applications:

[0082] the defibrillator further includes one or more res-
ervoirs containing electrically-conductive gel, and

[0083] the tightening mechanism is configured, when
driven to increase the tightness, to apply pressure to the one
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or more reservoirs, which releases the gel between the
cardiac sensing electrodes and the chest to improve electri-
cal conduction when again detecting the cardiac activity
using the tightened cardiac sensing electrodes.

[0084] For some applications:

[0085] the defibrillation electrodes further include (a)
respective reservoirs containing electrically-conductive gel,
and (b) respective liners removably covering the gel, and
[0086] the defibrillator includes one or more exposure
actuators, which are configured to remove the liners from the
gel.

[0087] For some applications, the one or more exposure
actuators are configured to remove the liners from the gel by
peeling or sliding the liners off of the gel. For some
applications, the one or more exposure actuators include
respective motors and rollers.

[0088] For some applications, the apparatus further
includes one or more disposable single-use cartridges, each
of which includes one or more of the defibrillation elec-
trodes, one or more of the liners, one or more of the
reservoirs containing the gel, and one or more of the
exposure actuators, and the garment is shaped so as to define
one or more receptacles for receiving the one or more
disposable single-use cartridges.

[0089] Forsome applications, the garment is selected from
the group consisting of: a vest and a shirt.

[0090] There is additionally provided, in accordance with
an application of the present invention, apparatus including
an externally-wearable defibrillator, which includes:

[0091] (a) a garment, shaped to be worn around a chest of
a patient;
[0092] (b) cardiac sensing electrodes, each of which (i) is

coupled to the garment for external placement on skin of the
chest of the patient to sense cardiac activity of the patient,
and (ii) includes:
[0093] a conductive element; and
[0094] electrical insulation applied to the conductive
element so as to electrically insulate the conductive
element from direct electrical contact with the skin;
[0095] (c) defibrillation electrodes, each of which (i)
includes an exposed electrode surface, and (ii) is coupled to
the garment for external placement of the exposed electrode
surface in electrical contact with the chest of the patient for
applying one or more defibrillation shocks; and
[0096] (d) control circuitry, which is configured to:
[0097] detect cardiac arrhythmia using the cardiac sens-
ing electrodes capacitively coupled to the skin,
[0098] ascertain that the detected cardiac arrhythmia is
a type of cardiac arrhythmia that can be treated by
applying defibrillation, and
[0099] drive the defibrillation electrodes to apply at
least one defibrillation shock to the chest of the patient.
[0100] For some applications,
[0101] the defibrillation electrodes further include (a)
respective reservoirs containing electrically-conductive gel,
and (b) respective liners removably covering the gel, and

[0102] the defibrillator includes one or more exposure
actuators, which are configured to remove the liners from the
gel.

[0103] For some applications, the one or more exposure

actuators are configured to remove the liners from the gel by
peeling or sliding the liners off of the gel. For some
applications, the one or more exposure actuators include
respective motors and rollers.
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[0104] For some applications, the apparatus further
includes one or more disposable single-use cartridges, each
of which includes one or more of the defibrillation elec-
trodes, one or more of the liners, one or more of the
reservoirs containing the gel, and one or more of the
exposure actuators, and the garment is shaped so as to define
one or more receptacles for receiving the one or more
disposable single-use cartridges.

[0105] For some applications, the garment is selected from
the group consisting of: a vest and a shirt.

[0106] There is yet additionally provided, in accordance
with an application of the present invention, apparatus
including a defibrillator, which includes:

[0107] (a) a garment. shaped to be worn around a chest of
a patient;
[0108] (b) intracorporeal cardiac sensing electrode units,

which are configured to be placed in a body of the patient,
and each of which includes:

[0109] a housing;

[0110] at least two exposed electrode surfaces mounted
to the housing;

[0111] one or more internal antennas mounted to the
housing; and

[0112] electrode-unit circuitry, which is disposed within
the housing and configured to wirelessly receive energy
using at least one of the one or more internal antennas,
sense cardiac signals using the at least two exposed
electrode surfaces, and transmit, using at least one of
the one or more internal antennas, signals related to the
sensed cardiac signals;

[0113] (c) one or more external antennas, which are
coupled to the garment for placement near the chest of the
patient;

[0114] (d) defibrillation electrodes, each of which is
coupled to the garment for external placement near the chest
of the patient for applying one or more defibrillation shocks;
and
[0115]
to:

[0116] transmit energy to the intracorporeal cardiac
sensing electrode units using the one or more external
antennas,

[0117] receive, using the one or more external antennas,
the signals transmitted by the electrode-unit circuitry of
the intracorporeal cardiac sensing electrode units,

[0118] detect cardiac arrhythmia by analyzing the
received signals,

[0119] ascertain that the detected cardiac arrhythmia is
a type of cardiac arrhythmia that can be treated by
applying defibrillation, and

[0120] drive the defibrillation electrodes to apply at
least one defibrillation shock to the chest of the patient.

[0121] For some applications, the cardiac sensing elec-
trode units are configured to be implanted subcutaneously.
[0122] For some applications, the external control cir-
cuitry is configured to detect the cardiac arrhythmia even
though wireless coupling between the one or more external
antennas and the one or more internal antennas is not
continuous because of motion of the garment with respect to
the chest of the patient during normal life activity.

[0123] For some applications:

[0124] the defibrillation electrodes further include (a)
respective reservoirs containing electrically-conductive gel,
and (b) respective liners removably covering the gel, and

(e) external control circuitry, which is configured
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[0125] the defibrillator includes one or more exposure
actuators, which are configured to remove the liners from the
gel.

[0126] For some applications, the one or more exposure

actuators are configured to remove the liners from the gel by
peeling or sliding the liners off of the gel.

[0127] For some applications, the one or more exposure
actuators include respective motors and rollers.

[0128] For some applications, the apparatus further
includes one or more disposable single-use cartridges, each
of which includes one or more of the defibrillation elec-
trodes, one or more of the liners, one or more of the
reservoirs containing the gel, and one or more of the
exposure actuators, and the garment is shaped so as to define
one or more receptacles for receiving the one or more
disposable single-use cartridges.

[0129] Forsome applications, the garment is selected from
the group consisting of: a vest and a shirt.

[0130] There is further provided, in accordance with an
application of the present invention, apparatus for treating a
heart of a subject, the apparatus including:

[0131] a cardiac stimulator, configured:
[0132] to be implanted in the heart of the subject,
[0133] to wirelessly receive power, and
[0134] to apply a pacing current to the heart of the

subject in response to receiving the power; and
[0135] control circuitry, coupled to a cardioversion-defi-
brillation electrode, the control circuitry being configured:
[0136] to be implanted subcutaneously in the subject,
[0137] to pace the heart by wirelessly driving the car-
diac stimulator to apply the pacing current, and
[0138] to cardiovert-defibrillate the heart by wiredly
driving the cardioversion-defibrillation electrode to
apply a cardioverting-defibrillating current to the heart.
[0139] For some applications, the control circuitry
includes a power-storage element that is configured to power
the control circuitry for a continuous period of greater than
one hour.
[0140] For some applications, the control circuitry
includes a power-storage element that is configured to store
more than 20 mAh.
[0141] For some applications, the cardiac stimulator does
not include a power-storage element that is configured to
power the cardiac stimulator for a continuous period of
greater than one hour.
[0142] For some applications, the cardiac stimulator
includes a short-term power-storage element that is config-
ured to power the cardiac stimulator for a continuous period
of up to one hour.
[0143] For some applications, the cardiac stimulator does
not include a power-storage element that is configured to
store more than 20 mAh.
[0144] For some applications, the cardiac stimulator
includes a short-term power-storage element that is config-
ured to store up to 20 mAh.
[0145] For some applications, the cardioversion-defibril-
lation electrode is configured to be implanted subcutane-
ously in the subject.
[0146] For some applications, the cardioversion-defibril-
lation electrode is configured to be implanted in a vicinity of
a parasternal midline of the subject.
[0147] For some applications, the cardioversion-defibril-
lation electrode is configured to be implanted in a blood
vessel of the subject.
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[0148] For some applications, the cardioversion-defibril-
lation electrode is configured to be implanted in a superior
vena cava of the subject.

[0149] For some applications, the apparatus further
includes a cardioversion-defibrillation structure, including
the cardioversion-defibrillation electrode; and a cable,
including an electrode wire, the cardioversion-defibrillation
structure is coupled to the control circuitry via the cable, and
the cardioversion-defibrillation electrode is wiredly coupled
to the control circuitry via the electrode wire.

[0150] For some applications, the cardioversion-defibril-
lation structure includes at least two cardioversion-defibril-
lation electrodes, each cardioversion-defibrillation electrode
being coupled to the control circuitry via a respective
electrode wire.

[0151] For some applications, the cardioversion-defibril-
lation structure is coupled to one end of the cable, and the
control circuitry is coupled to another end of the cable.
[0152] For some applications, the cable includes a first
portion and a second portion, and the cardioversion-defi-
brillation structure is disposed between the first and second
portions of the cable.

[0153] There is still further provided. in accordance with
an application of the present invention, apparatus for treat-
ing a heart of a subject, the apparatus including:

[0154] a first device, configured:
[0155] to be subcutaneously implanted in the subject,
[0156] to detect a factor indicative of a state of the heart

of the subject,

[0157] to transmit a wireless power signal in response to
the detected factor, and

[0158] to detect fibrillation of the heart of the subject,
and in response to the detected fibrillation, to apply a
cardioverting-defibrillating current to tissue of the sub-
ject; and

[0159] a second device, configured:
[0160] to be implanted in the heart of the subject,
[0161] to receive the power signal, and
[0162] to apply a second current to the heart of the

subject, in response to receiving the power signal.
[0163] For some applications, the first device includes a
power-storage element that is configured to power the first
device for a continuous period of greater than one hour.
[0164] For some applications, the first device includes a
power-storage element that is configured to store more than
20 mAh.
[0165] For some applications, the second device does not
include a power-storage element that is configured to power
the second device for a continuous period of greater than one
hour.
[0166] For some applications, the second device includes
a short-term power-storage element that is configured to
power the second device for a continuous period of up to one
hour.
[0167] For some applications, the second device does not
include a power-storage element that is configured to store
more than 20 mAh.
[0168] For some applications, the second device includes
a short-term power-storage element that is configured to
store up to 20 mAh.

[0169] For some applications, the apparatus further
includes:
[0170] a cardioversion-defibrillation structure, including a

transmitter and a cardioversion-defibrillation electrode; and
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[0171] at least one cable, the cable including a power-
transmitting wire and an electrode wire,

[0172] wherein the first device includes control circuitry,
the control circuitry:

[0173] being wiredly coupled to the cardioversion-de-
fibrillation electrode via the electrode wire,

[0174] being configured to drive, via the electrode wire,
the cardioversion-defibrillation electrode to apply the
cardioverting-defibrillating current,

[0175] being wiredly coupled to the transmitter via the
power-transmitting wire, and

[0176] being configured to drive, via the power-trans-
mitting wire, the transmitter to transmit the wireless
power signal.

[0177] For some applications:

[0178] the first device includes control circuitry and at
least one cable, connected to the control circuitry,

[0179] the cable includes a power-transmitting wire, and
[0180] the first device is configured to transmit the power
signal by the control circuitry being configured to drive the
power-transmitting wire to transmit the power signal.
[0181] For some applications, at least the cable is config-
ured to be subcutaneously implanted transcatheterally.
[0182] For some applications, at least the power-transmit-
ting wire is configured to form a loop outside of the control
circuitry, the loop being configured to be implanted subcu-
taneously.

[0183] For some applications:

[0184] the first device is configured to detect a cardiac
cycle of the heart of the subject, and to transmit the power
signal in response to the detected cardiac cycle,

[0185] the second current includes a pacing current, and
[0186] the second device is configured to apply the second
current by being configured to apply the pacing current.
[0187] Forsome applications, the first device is configured
to detect the cardiac cycle by detecting electrical activity
indicative of the cardiac cycle.

[0188] For some applications,

[0189] the second device includes a magnetic element,
configured, when moved in a vicinity of the first device, to
induce a third current in the cable, and

[0190] the first device is configured to detect the cardiac
cycle of the heart by being configured to detect the induced
third current.

[0191] Forsome applications, the cable further includes an
induction wire, and the magnetic element is configured to
induce the third current in the induction wire.

[0192] For some applications, the magnetic element is
configured to induce the third current in the power-trans-
mitting wire.

[0193] For some applications, the power signal includes a
first wireless power signal, and the first device is configured
to apply the cardioverting-defibrillating current by transmit-
ting a second wireless power signal, the second device being
configured to receive the second power signal, and to apply
the cardioverting-defibrillating current in response to the
second power signal.

[0194] For some applications, the apparatus further
includes a cardioversion-defibrillation structure, including at
least one cardioversion-defibrillation electrode, the cardio-
version-defibrillation structure being coupled to the cable
and configured to be placed subcutaneously.

[0195] For some applications, the cable is configured to
form a loop outside of the control circuitry, by the cable and
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the cardioversion-defibrillation structure being configured to
form a loop outside of the control circuitry.

[0196] For some applications, the cardioversion-defibril-
lation structure is configured to be placed in a vicinity of a
parasternal midline of the subject.

[0197] For some applications, the control circuitry is con-
figured to apply the cardioverting-defibrillating current by
being configured to wiredly drive the cardioversion-defibril-
lation electrode to apply the cardioverting-defibrillating cur-
rent.

[0198] For some applications, the cable includes at least
one electrode wire, a first end of the electrode wire being
configured to be coupled to the control circuitry, and a
second end of the element wire being coupled to the car-
dioversion-defibrillation electrode.

[0199] For some applications:

[0200] the cable includes a first portion and a second
portion,

[0201] the cardioversion-defibrillation structure is dis-

posed between the first and second portions of the cable,
[0202] the power-transmitting wire is disposed in both
portions of the cable, and

[0203] each electrode wire is disposed in one of the
portions of the cable, and not in the other portion of the
cable.

[0204] For some applications:

[0205] the at least one electrode includes two electrodes,
and

[0206] the at least one electrode wire includes two elec-

trode wires, the second end of each electrode wire being
coupled to a respective cardioversion-defibrillation elec-
trode, and each electrode wire being disposed in a respective
portion of the cable.

[0207] For some applications:

[0208] the at least one electrode includes two electrodes,
and

[0209] the at least one electrode wire includes two elec-

trode wires, the second end of each electrode wire being
coupled to a respective cardioversion-defibrillation elec-
trode, and both electrode wires being disposed in the same
portion of the cable.

[0210] For some applications, the second device includes
a cardiac stimulator, the cardiac stimulator including:
[0211] an electrically-conductive anchor, configured to
couple the cardiac stimulator to tissue of the heart of the
subject;

[0212] an antenna, configured to receive the power signal;
and
[0213] a controller, configured to apply the second current

by driving the anchor to apply the second current to the
tissue of the heart of the subject.

[0214] For some applications, the cardiac stimulator is
configured to be implanted in a chamber of the heart of the
subject.

[0215] For some applications, the antenna is configured to
apply a force to the tissue of the heart of the subject.
[0216] For some applications, the antenna has a delivery
configuration and a deployed configuration, and is expand-
able from the delivery configuration to the deployed con-
figuration.

[0217] Forsome applications, the antenna, in the deployed
configuration thereof, protrudes from the controller.

[0218] For some applications, the cardiac stimulator is
configured to detect the factor indicative of the state of the
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heart of the subject, and to wirelessly transmit a signal
indicative of the factor, and the first device is configured to
detect the factor indicative of the state of the heart of the
subject, by being configured to detect the signal indicative of
the factor.

[0219] For some applications, the factor indicative of the
state of the heart of the subject includes a movement of the
heart, and the cardiac stimulator is configured to detect the
movement of the heart by being configured to detect move-
ment of the cardiac stimulator when the cardiac stimulator is
coupled to the tissue of the heart.

[0220] For some applications, the cardiac stimulator is
configured to detect the movement of the cardiac stimulator
by being configured to detect a change in a received ampli-
tude of the power signal.

[0221] For some applications, the factor indicative of the
state of the heart of the subject includes an electrical factor
of the heart of the subject, and the cardiac stimulator is
configured to detect the movement of the heart by being
configured to detect the electrical factor.

[0222] For some applications, the cardiac stimulator
includes a plurality of cardiac stimulators, the plurality of
cardiac stimulators including at least a first cardiac stimu-
lator and a second cardiac stimulator.

[0223]

[0224] the first device is configured to transmit a plurality
of wireless power signals, the plurality of wireless power
signals including at least a first wireless power signal and a
second power signal,

[0225] the first cardiac stimulator is configured to apply
the second current in response to receiving the first wireless
power signal, and

[0226] the second cardiac stimulator is configured to apply
the second current in response to receiving the second
wireless power signal.

[0227] For some applications, the second cardiac stimu-
lator is configured not to apply the second current in
response to receiving the first power signal.

[0228]

[0229] the first device is configured to configure the first
and second power signals to have respective first and second
characteristics that differ from one another,

[0230] the first cardiac stimulator is configured to receive
power from the first power signal, in response to an effect of
the first characteristic on the first cardiac stimulator, and
[0231] the second cardiac stimulator is configured to
receive power from the second power signal, in response to
an effect of the second characteristic on the second cardiac
stimulator.

[0232]

[0233] the first and second characteristics include respec-
tive first and second frequencies, and

[0234] the first device is configured to configure the first
and second power signals to have the respective first and
second frequencies.

[0235]

[0236] the first and second characteristics include respec-
tive first and second codes, and

[0237] the first device is configured to configure the first
and second power signals to have the respective first and
second codes.

For some applications:

For some applications:

For some applications:

For some applications:
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[0238] For some applications, the apparatus further
includes a third device, configured to be implanted in the
body of the subject, and to be in wireless communication
with the first device.

[0239] For some applications, the third device is config-
ured to wirelessly receive power from the first device.
[0240] For some applications:

[0241] the third device includes a pressure sensor, config-
ured to be implanted in a pulmonary artery of the subject, to
detect a pressure in the pulmonary artery, and to wirelessly
transmit a signal indicative of the pressure, and

[0242] the first device is configured to transmit the wire-
less power signal in response to the signal indicative of the
detected pressure.

[0243] For some applications, the third device includes a
tongue-muscle stimulator, configured to be implanted in a
vicinity of a tongue muscle of the subject, and the first
device is configured to wirelessly drive the tongue-muscle
stimulator to apply a current to the tongue muscle of the
subject.

[0244] There is additionally provided, in accordance with
an application of the present invention, apparatus for treat-
ing a heart of a subject, the apparatus including:

[0245] aleadless pacemaker, configured to be implanted in
the heart, and to apply a pacing current to the heart in
response to receiving a wireless power signal; and

[0246] a subcutaneously-implantable cardioverter-defi-
brillator (S-ICD), including:
[0247]

[0248] a cardioversion-defibrillation structure, includ-
ing at least one cardioversion-defibrillation electrode,
configured to be placed in a vicinity of the heart of the
subject,

[0249]

[0250] wiredly drive the cardioversion-defibrillation
electrode to apply a cardioverting-defibrillating current
to the heart of the subject, and

[0251] wirelessly drive the leadless pacemaker to apply
the pacing current by transmitting the wireless power
signal.

[0252] For some applications, the control circuitry
includes a power-storage element that is configured to power
the control circuitry for a continuous period of greater than
one hour.

[0253] For some applications, the control circuitry
includes a power-storage element that is configured to store
more than 20 mAh.

[0254] For some applications, the leadless pacemaker does
not include a power-storage element that is configured to
power the leadless pacemaker for a continuous period of
greater than one hour.

[0255] For some applications, the leadless pacemaker
includes a short-term power-storage element that is config-
ured to power the leadless pacemaker for a continuous
period of up to one hour.

[0256] For some applications, the leadless pacemaker does
not include a power-storage element that is configured to
store more than 20 mAh.

[0257] For some applications, the leadless pacemaker
includes a short-term power-storage element that is config-
ured to store up to 20 mAh.

control circuitry; and

the control circuitry being configured to:
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[0258] For some applications, the apparatus further
includes a cable, configured to connect the control circuitry
to the cardioversion-defibrillation structure, and wherein the
cable includes:

[0259] a power-transmitting wire, having first and second
ends, both ends being configured to be coupled to the control
circuitry; and

[0260] at least one electrode wire, a first end of the
electrode wire being configured to be coupled to the control
circuitry, and a second end of the electrode wire being
coupled to the cardioversion-defibrillation electrode,
[0261] and the control circuitry is configured to wiredly
drive the cardioversion-defibrillation electrode via the elec-
trode wire, and

[0262] the control circuitry is configured to wirelessly
drive the leadless pacemaker by driving the power-transmit-
ting wire to transmit the wireless power signal.

[0263] For some applications:

[0264] the cable includes a first portion and a second
portion,

[0265] the cardioversion-defibrillation structure is dis-

posed between the first and second portions of the cable,
[0266] the power-transmitting wire is disposed in both
portions of the cable, and

[0267] each electrode wire is disposed in one of the
portions of the cable, and not in the other portion of the
cable.

[0268] For some applications:

[0269] the at least one electrode includes two electrodes,
and

[0270] the at least one electrode wire includes two elec-

trode wires, the second end of each electrode wire being
coupled to a respective cardioversion-defibrillation elec-
trode, and each electrode wire being disposed in a respective
portion of the cable.

[0271] For some applications:

[0272] the at least one electrode includes two electrodes,
and

[0273] the at least one electrode wire includes two elec-

trode wires, the second end of each electrode wire being
coupled to a respective cardioversion-defibrillation elec-
trode, and both electrode wires being disposed in the same
portion of the cable.

[0274] For some applications, the leadless pacemaker
includes:
[0275] an electrically-conductive anchor, configured to

couple the cardiac stimulator to tissue of the heart of the
subject;

[0276] an antenna, configured to receive the power signal;
and
[0277] a controller, configured to apply the second current

by driving the anchor to apply the second current to the
tissue of the heart of the subject.

[0278] For some applications, the leadless pacemaker is
configured to be implanted in a chamber of the heart of the
subject.

[0279] For some applications, the antenna is configured to
apply a force to the tissue of the heart of the subject.
[0280] For some applications, the antenna has a delivery
configuration and a deployed configuration, and is expand-
able from the delivery configuration to the deployed con-
figuration.

[0281] Forsome applications, the antenna, in the deployed
configuration thereof, protrudes from the controller.
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[0282] For some applications, the leadless pacemaker is
configured to detect a factor indicative of a state of the heart
of the subject, and to apply the pacing current at least in part
responsively to the detected factor.

[0283] For some applications:

[0284] the leadless pacemaker is configured to wirelessly
transmit a signal indicative of the factor, and

[0285] the first device is configured to receive the signal
indicative of the factor, and to transmit the wireless power
signal at least in part responsively to receiving the signal
indicative of the factor.

[0286] For some applications, the factor indicative of the
state of the heart of the subject includes a movement of the
heart, and the leadless pacemaker is configured to detect the
movement of the heart by being configured to detect move-
ment of the leadless pacemaker when the leadless pace-
maker is coupled to the tissue of the heart.

[0287] For some applications, the leadless pacemaker is
configured to detect the movement of the leadless pace-
maker by being configured to detect a change in a received
amplitude of the power signal.

[0288] For some applications, the factor indicative of the
state of the heart of the subject includes an electrical factor
of the heart of the subject, and the leadless pacemaker is
configured to detect the movement of the heart by being
configured to detect the electrical factor.

[0289] For some applications, the leadless pacemaker
includes a plurality of leadless pacemakers, the plurality of
leadless pacemakers including at least:

[0290] a first leadless pacemaker, configured to apply the
pacing current by being configured to apply a first pacing
current, and

[0291] a second leadless pacemaker configured to apply
the pacing current by being configured to apply a second
pacing current.

[0292] For some applications:

[0293] the S-ICD is configured to transmit a plurality of
wireless power signals, the plurality of wireless power
signals including at least a first wireless power signal and a
second power signal,

[0294] the first leadless pacemaker is configured to apply
the first pacing current in response to receiving the first
wireless power signal, and

[0295] the second leadless pacemaker is configured to
apply the second pacing current in response to receiving the
second wireless power signal.

[0296] For some applications, the second leadless pace-
maker is configured not to apply the second pacing current
in response to receiving the first power signal.

[0297] For some applications:

[0298] the S-ICD is configured to configure the first and
second power signals to have respective first and second
characteristics that differ from one another,

[0299] the first leadless pacemaker is configured to receive
power from the first power signal, in response to an effect of
the first characteristic on the first leadless pacemaker, and

[0300] the second leadless pacemaker is configured to
receive power from the second power signal, in response to
an effect of the second characteristic on the second leadless
pacemaker.

[0301] For some applications:

[0302] the first and second characteristics include respec-
tive first and second frequencies, and

Feb. 8,2018

[0303] the first device is configured to configure the first
and second power signals to have the respective first and
second frequencies.

[0304] For some applications:

[0305] the first and second characteristics include respec-
tive first and second codes, and

[0306] the first device is configured to configure the first
and second power signals to have the respective first and
second codes.

[0307] For some applications, the apparatus further
includes an additional device, configured to be implanted in
the body of the subject, and to be in wireless communication
with the S-ICD.

[0308] For some applications, the additional device is
configured to wirelessly receive power from the S-ICD.
[0309] For some applications:

[0310] the additional device includes a pressure sensor,
configured to be implanted in a pulmonary artery of the
subject, to detect a pressure in the pulmonary artery, and to
wirelessly transmit a signal indicative of the pressure, and
[0311] the S-ICD is configured to transmit the wireless
power signal in response to the signal indicative of the
detected pressure.

[0312] For some applications, the additional device
includes a tongue-muscle stimulator, configured to be
implanted in a vicinity of a tongue muscle of the subject, and
the S-ICD is configured to wirelessly drive the tongue-
muscle stimulator to apply a current to the tongue muscle of
the subject.

[0313] There is yet additionally provided, in accordance
with an application of the present invention, apparatus for
detecting beating of a heart of a subject, the apparatus

including:

[0314] an induction wire, configured to be implanted in
the subject;

[0315] a magnetic element, configured:

[0316] to be coupled to the heart of the subject, and
[0317] when moved in a vicinity of the induction wire,
to induce a current in the induction wire; and

[0318] control circuitry, configured:

[0319] to be coupled to the induction wire, and

[0320] to detect the induced current.
[0321] For some applications, the control circuitry
includes an implantable cardioverter-defibrillator control
circuitry.
[0322] For some applications, the apparatus further
includes a treatment unit, configured to be coupled to the
heart of the subject, the treatment unit including the mag-
netic element.
[0323] For some applications, the treatment unit includes
a cardiac pacemaker.
[0324] For some applications, the induction wire is con-
figured to be implanted subcutaneously.
[0325] For some applications, the induction wire is con-
figured to be implanted around a portion of the subject.
[0326] There is also provided, in accordance with an
application of the present invention, a method for treating a
heart of a subject, the method including:
[0327] detecting, using a subcutaneously-implanted first
device, fibrillation of the heart of the subject;
[0328] in response to the detected fibrillation, applying a
cardioverting-defibrillating current to the heart of the sub-
ject;
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[0329] transmitting a wireless power signal using the
subcutaneously-implanted first device;

[0330] receiving the wireless power signal using a second
device that is implanted in the heart; and

[0331] in response to receiving the wireless power signal,
applying a second current to the heart of the subject using
the second device.

[0332] For some applications, the second device includes
an electrically-conductive anchor, and is coupled to the heart
via the electrically-conductive anchor, and applying the
second current includes driving the electrically-conductive
anchor to apply the second current to the heart.

[0333] For some applications, the second device includes
an expandable antenna, and receiving the wireless power
signal includes receiving the wireless power signal using the
expandable antenna of the second device.

[0334] For some applications, the first device includes a
power-storage element that is configured to power the first
device for a continuous period of greater than one hour, and
transmitting the wireless power signal includes transmitting
the wireless power signal using the first device that includes
the power-storage element.

[0335] For some applications, the first device includes a
power-storage element that is configured to store more than
20 mAh, and transmitting the wireless power signal includes
transmitting the wireless power signal using the first device
that includes the power-storage element.

[0336] For some applications, applying the second current
includes applying the second current using a second device
that does not include a power-storage element that is con-
figured to power the second device for a continuous period
of greater than one hour.

[0337] For some applications, the second device includes
a short-term power-storage element that is configured to
power the second device for a continuous period of up to one
hour, and applying the second current includes applying the
second current using the second device that includes the
short-term power-storage element.

[0338] For some applications, applying the second current
includes applying the second current using a second device
that does not include a power-storage element that is con-
figured to store more than 20 mAh.

[0339] For some applications, the second device includes
a short-term power-storage element that is configured to
store up to 20 mAh, and applying the second current
includes applying the second current using the second
device that includes the short-term power-storage element.
[0340] For some applications, the second device includes
a plurality of second devices, and receiving the wireless
power signal includes receiving the wireless power signal
using the plurality of second devices.

[0341] For some applications:

[0342] transmitting the wireless power signal includes
transmitting a plurality of wireless power signals that
includes at least a first wireless power signal and a second
wireless power signal, and

[0343] receiving the wireless power signal includes
receiving at least the first wireless power signal using one of
the second devices, and receiving at least the second wire-
less power signal using another of the second devices.
[0344] For some applications, the method further includes
not applying the second current to the heart, using the other
of the second devices, in response to receiving the first
wireless power signal.
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[0345] For some applications, the plurality of second
devices includes at least one cardiac stimulator, and receiv-
ing the wireless power signal includes receiving the wireless
power signal using the at least one cardiac stimulator.
[0346] For some applications, the plurality of second
devices includes a plurality of cardiac stimulators, and
receiving the wireless power signal includes receiving the
wireless power signal using the plurality of cardiac stimu-
lators.

[0347] For some applications, the plurality of second
devices includes at least one third device that is not a cardiac
stimulator, and receiving the wireless power signal includes
receiving the wireless power signal using the third device.
[0348] For some applications, the third device includes a
tongue-muscle stimulator, receiving the wireless power sig-
nal using the third device includes receiving the wireless
power signal using the tongue-muscle stimulator, and the
method further includes, using the tongue-muscle stimula-
tor, applying a current to the tongue of the subject in
response to receiving the wireless power signal.

[0349] For some applications, the third device includes a
blood pressure sensor, receiving the wireless power signal
using the third device includes receiving the wireless power
signal using the blood pressure sensor, and the method
further includes, using the blood pressure sensor, detecting
blood pressure of the subject in response to receiving the
wireless power signal.

[0350] For some applications, the first device includes
control circuitry and a cable that includes a power-transmit-
ting wire, coupled to the control circuitry, and transmitting
the wireless power signal includes, using the control cir-
cuitry, driving the power-transmitting wire to transmit the
power signal.

[0351] For some applications, the method further includes
detecting a cardiac cycle of the heart of the subject, and
applying the second current includes applying a pacing
current into the heart of the subject in response to detecting
the cardiac cycle.

[0352] For some applications, detecting the cardiac cycle
includes detecting the cardiac cycle using the first device.
[0353] For some applications, detecting the cardiac cycle
includes detecting the cardiac cycle using the second device.
[0354] For some applications, detecting the cardiac cycle
includes detecting electrical activity indicative of the cardiac
cycle.

[0355] For some applications, the second device includes
a magnetic element, and detecting the cardiac cycle includes
detecting movement of the magnetic element.

[0356] For some applications:

[0357] the second device includes a magnetic element,
configured to induce a third current in the cable, and
[0358] detecting the cardiac cycle includes detecting the
induced third current.

[0359] Forsome applications, the cable further includes an
induction wire, the magnetic element is configured to induce
the third current in the induction wire, and detecting the third
current includes detecting the third current that is induced in
the induction wire.

[0360] For some applications, the magnetic element is
configured to induce the third current in the power-trans-
mitting wire, and detecting the third current includes detect-
ing the third current that is induced in the power-transmitting
wire.
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[0361] For some applications, applying the cardioverting-
defibrillating current includes, using the control circuitry,
wiredly driving a cardioversion-defibrillation electrode,
connected to the cable, to apply the cardioverting-defibril-
lating current.

[0362] For some applications, applying the cardioverting-
defibrillating current includes, using the control circuitry,
wirelessly driving the second device to apply the cardio-
verting-defibrillating current.

[0363] There is further provided, in accordance with an
application of the present invention, a method for treating a
heart of a subject, the method including:

[0364] applying a pacing current to the heart of the subject
by wirelessly transmitting power from a subcutaneous first
device to an intracardiac second device that applies the
pacing current in response to the wirelessly-transmitted
power; and

[0365] applying a cardioverting-defibrillating current into
the heart of the subject by wiredly-transmitting power from
the subcutaneous first device to a cardioversion-defibrilla-
tion structure including at least one cardioversion-defibril-
lation electrode.

[0366] For some applications, applying the pacing current
includes applying a plurality of pacing currents to the heart
of the subject by wirelessly transmitting power from the
subcutaneous first device to a plurality of intracardiac sec-
ond devices that apply the plurality of pacing currents in
response to the wirelessly-transmitted power.

[0367] For some applications, the method further includes
applying a muscle-contracting current to a tongue muscle of
the subject by wirelessly transmitting power from the sub-
cutaneous first device to a sublingual tongue-muscle stimu-
lator that applies the muscle-contracting current in response
to the wirelessly-transmitted power.

[0368] For some applications, the method further includes
detecting blood pressure of the subject by wirelessly trans-
mitting power from the subcutaneous first device to an
implanted blood pressure sensor.

[0369] For some applications, the method further includes
detecting a cardiac cycle of the heart of the subject, and
wirelessly transmitting power includes wirelessly transmit-
ting power in response to the detected cardiac cycle.
[0370] For some applications, detecting the cardiac cycle
includes detecting an electrical signal indicative of the
cardiac cycle.

[0371] For some applications, detecting the cardiac cycle
includes detecting movement of a magnetic element that is
coupled to the heart of the subject.

[0372] There is still further provided. in accordance with
an application of the present invention, a method including:
[0373] implanting, in a subject, an induction wire coupled
to control circuitry; and

[0374] coupling, to a heart of a subject, a magnetic ele-
ment, such that beating of the heart moves the magnetic
element, the magnetic element being configured, when
moved, to induce a current in the induction wire,

[0375] the control circuitry being configured to detect the
beating of the heart by being configured to detect movement
of the magnetic element caused by the beating of the heart.
[0376] For some applications, coupling the magnetic ele-
ment to the heart of the subject includes coupling a cardiac
stimulator that includes the magnetic element to the heart of
the subject.
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[0377] For some applications, coupling the magnetic ele-
ment to the heart of the subject includes coupling a plurality
of magnetic elements to the heart of the subject.

[0378] There is additionally provided, in accordance with
an application of the present invention, a method including
detecting, using an induction wire implanted in a subject,
beating of a heart of the subject, by detecting a current,
induced in the induction wire by movement of a magnetic
element, the magnetic element being coupled to the heart of
the subject such that the beating of the heart moves the
magnetic element.

[0379] The present invention will be more fully under-
stood from the following detailed description of embodi-
ments thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0380] FIGS. 1A-B are schematic front- and back-view
illustrations of a defibrillator, in accordance with an appli-
cation of the present invention;

[0381] FIG. 2 is a schematic illustration of an externally-
wearable defibrillator, in accordance with an application of
the present invention;

[0382] FIG. 3 is a schematic illustration of another defi-
brillator, in accordance with an application of the present
invention;

[0383] FIGS. 4A-B are schematic illustrations of yet
another defibrillator, in accordance with an application of
the present invention;

[0384] FIGS. 5A-B are schematic illustrations of a still
another defibrillator, in accordance with an application of
the present invention;

[0385] FIG. 6 is a schematic illustration of a gel-releasing
configuration of defibrillation electrodes of the defibrillator
of FIGS. 1A-B, in accordance with an application of the
present invention;

[0386] FIGS. 7A-C are schematic cross-sectional illustra-
tions of the gel-releasing configuration of the defibrillation
electrodes of FIG. 6, in accordance with an application of the
present invention;

[0387] FIGS. 8A-B are schematic illustrations of dispos-
able single-use cartridges and the defibrillator of FIGS.
1A-B, in accordance with an application of the present
invention;

[0388] FIGS. 9A-C are schematic illustrations of a cardiac
stimulator, and steps in the implantation thereof, in accor-
dance with some applications of the invention;

[0389] FIGS. 10A-B are schematic illustrations of heart-
monitoring apparatus comprising a magnetic element and a
detector, in accordance with some applications of the inven-
tion; and

[0390] FIG. 11 is a schematic illustration of apparatus for
pacing and cardioverting-defibrillating a heart of a subject,
in accordance with some applications of the invention.

DETAILED DESCRIPTION OF APPLICATIONS

[0391] FIGS. 1A-B are schematic front- and back-view
illustrations of a defibrillator 20, in accordance with an
application of the present invention. Defibrillator 20 com-
prises a garment 30, shaped to be worn around a chest of a
patient; cardiac sensing electrodes 32; defibrillation elec-
trodes 34; and an external monitor 35, which comprises
control circuitry 36, which typically comprises appropriate
memory, processor(s), and hardware running software that is
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configured to provide the functionality of the control cir-
cuitry described herein. As used in the present application,
including in the claims, a “garment” is any article configured
to be worn; a garment does not necessarily comprise fabric,
but may instead comprise only straps, for example. For some
applications, garment 30 comprises a vest, such as shown in
the figures. Alternatively, garment 30 may comprise a shirt,
such as an undershirt, or another type of garment with any
shape or design (configurations not shown).

[0392] Each of defibrillation electrodes 34 comprises an
exposed electrode surface 60, and is coupled to garment 30
for external placement of exposed electrode surface 60 in
electrical contact with the chest of the patient for applying
one or more defibrillation shocks. Typically, at least one
(e.g., two) of defibrillation electrodes 34 is disposed at the
back of garment 30, for placement against the back of the
patient. Optionally, at least one (e.g., one or two) of defi-
brillation electrodes 34 is disposed at the front of garment
30, for placement against the front of the patient’s chest,
and/or is disposed at one or both sides of garment 30, for
placement against one or both sides of the patient’s chest.
[0393] For some applications, such as in which garment
30 comprises a shirt, cardiac sensing electrodes 32 comprise
conductive fibers that are woven into the fabric of the
garment.

[0394] Reference is made to FIG. 2, which is a schematic
illustration of an externally-wearable defibrillator 120, in
accordance with an application of the present invention.
Externally-wearable defibrillator 120 is one implementation
of defibrillator 20, described hereinabove with reference to
FIGS. 1A-B. Defibrillator 120 comprises garment 30; car-
diac sensing electrodes 132; defibrillation electrodes 34; and
external monitor 35, which comprises control circuitry 36.
Fach of cardiac sensing electrodes 132 is coupled to garment
30 for external placement on skin of the chest of the patient
to sense cardiac activity of the patient (e.g., an electrocar-
diogram (ECG)). For some applications, cardiac sensing
electrodes 132 are embedded within fabric of garment 30,
which increases comfort for the patient. For other applica-
tions, cardiac sensing electrodes 132 are coupled to an inner
surface 140 of garment 30.

[0395] Each of cardiac sensing electrodes 132 comprises a
conductive element 150, and electrical insulation 152 (e.g.,
silicone) applied to conductive element 150 so as to elec-
trically insulate the conductive element from direct electrical
contact with the skin. Control circuitry 36 is configured to
sense a voltage between pairs of cardiac sensing electrodes
132 that causes a capacitance-based current flow between
the electrodes of each pair. In other words, current does not
flow directly from the electrodes to the skin; rather, electric
fields in the skin capacitively drive a current in the elec-
trodes.

[0396] Control circuitry 36 is configured to detect cardiac
arrhythmia using cardiac sensing electrodes 132 capaci-
tively coupled to the skin (e.g., using a differential gain
amplifier), ascertain that the detected cardiac arrhythmia is
a type of cardiac arrhythmia that can be treated by applying
defibrillation (such as ventricular fibrillation (VF) or rapid
ventricular tachycardia (VT)), and, upon ascertaining that
the detected cardiac arrhythmia can be treated by applying
defibrillation, drive defibrillation electrodes 34 to apply at
least one defibrillation shock to the chest of the patient.
[0397] The use of capacitive cardiac sensing electrodes
132 may overcome contact issues and motion artifacts that
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often occur when using conventional external ECG sensing
electrodes. In addition, capacitive cardiac sensing electrodes
132 do not require skin preparation and are generally
insensitive to skin conditions. Furthermore, the use of
capacitive cardiac sensing electrodes 132 may increase the
water-resistance of defibrillator 120 (such as for use in a
shower or bath), because the use of capacitive coupling
reduces the possibility of a short circuit of the sensing
electrodes.

[0398] For some applications, cardiac sensing electrodes
132 comprise EPIC sensors (Plessey Semiconductors Ltd.,
UK).

[0399] Reference is now made to FIG. 3, which is a
schematic illustration of a defibrillator 220, in accordance
with an application of the present invention. Defibrillator
220 is one implementation of defibrillator 20, described
hereinabove with reference to FIGS. 1A-B. Defibrillator 220
comprises garment 30; intracorporeal cardiac sensing elec-
trode units 232; defibrillation electrodes 34; and external
monitor 35, which comprises control circuitry 36. Defibril-
lator 220 further comprises one or more external antennas
233, which are coupled to garment 30 for placement near the
chest of the patient; for example, each of the one or more
antennas may comprise a coil. For some applications, each
of the one or more antennas comprise one or more coils that
are looped circumferentially around garment 30, such that
the one or more coils encircle the patient’s chest when
wearing the garment, which may increase the efficiency of
the antenna(s). The loops of the coil(s) may be permanently
closed (for example, for applications in which the garment
comprises an undershirt), or may comprise a closure mecha-
nism.

[0400] Intracorporeal cardiac sensing electrode units 232
are configured to be placed (e.g., implanted or injected) into
the body of the patient, such as under skin 235 of the patient
(i.e., subcutaneously). Each of intracorporeal cardiac sens-
ing electrode units 232 comprises:

[0401]

[0402] at least two exposed electrode surfaces 272
mounted to housing 270;

[0403] one or more internal antennas 274 mounted to
housing 270; and

[0404] electrode-unit circuitry 276, which is disposed
within housing 270 and configured to wirelessly
receive energy (either intermittently or generally con-
tinuously) using at least one of the one or more internal
antennas 274, sense cardiac signals (either intermit-
tently or generally continuously) using the at least two
exposed electrode surfaces 272, and transmit, using at
least one of the one or more internal antennas 274,
signals related to the sensed cardiac signals.

[0405] For some applications, housing 270 is shaped gen-
erally as a capsule, e.g., is generally cylindrical; for
example, housing 270 may have a diameter of at least | mm,
no more than 5 mm, and/or between 1 and 5 mm, and a
length of at least 10 mm, no more than 80 mm, and/or
between 10 and 80 mm. For some applications, housing 270
is configured to be injected transcutaneously, for example
using a hollow needle in a simple, non-surgical procedure.
For some applications, each of intracorporeal cardiac sens-
ing electrode units 232 comprises a power storage element,
such as a capacitor (although the units typically do not
comprise batteries).

a housing 270;
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[0406] External control circuitry 36 is configured to:

[0407] transmit energy to intracorporeal cardiac sensing
electrode units 232 using the one or more external
antennas 233 (transceivers),

[0408] receive, using the one or more external antennas
233, the signals transmitted by electrode-unit circuitry
276 of intracorporeal cardiac sensing electrode units
232,

[0409] detect cardiac arrhythmia by analyzing the
received signals (for example, by generating an ECG
based on the received signals),

[0410] ascertain that the detected cardiac arrhythmia is
a type of cardiac arrhythmia that can be treated by
applying defibrillation (such as VF or rapid VT), and

[0411] upon ascertaining that the detected cardiac
arthythmia can be treated by applying defibrillation,
drive defibrillation electrodes 34 to apply at least one
defibrillation shock to the chest of the patient.

[0412] For some applications, the power is transmitted
wirelessly to intracorporeal cardiac sensing electrode units
232 using induction (typically radiofrequency). For some
applications, external control circuitry 36 and electrode-unit
circuitry 276 implement near-field communication (NFC)-
type power supply and communication (NFC allows com-
patible hardware to both supply power to and communicate
with an otherwise unpowered and passive electronic module
using radio waves). Upon entering the externally-generated
RF field, cardiac sensing electrode units 232 are able to draw
enough power from the field to activate internal amplifiers
and transmit acquired data. When cardiac sensing electrode
units 232 draw power in this way, the resultant interaction of
the RF fields causes the voltage at the transceiver antenna to
drop in value. This effect is utilized by cardiac sensing
electrode units 232 to communicate information to external
control circuitry 36. Cardiac sensing electrode units 232 are
able to control the amount of power drawn from the field,
and by doing so they can modulate the voltage sensed at the
external transceiver according to the data stream being
transmitted.

[0413] For some applications, intracorporeal cardiac sens-
ing electrode units 232 comprise a directionally orthogonal
set of contacts for multi-channel ECG recording, thus lever-
aging high correspondence (positive or negative correlation)
of orthogonal ECG projections due to the sharp nature of the
QRS complex, while the superimposed noise is of a typically
more random nature. This will allow separation of correlated
from uncorrelated data using statistical methods such as
principal component analysis (PCA) or independent com-
ponent analysis (ICA), thus effectively enhancing the signal-
to-noise ratio of the intercepted signals and thereby facili-
tating high quality analysis.

[0414] Reference is now made to FIGS. 4A-B, which are
schematic illustrations of a defibrillator 320, in accordance
with an application of the present invention. Defibrillator
320 is one implementation of defibrillator 20, described
hereinabove with reference to FIGS. 1A-B. The features of
defibrillator 320 may be combined with those of defibrillator
120 and/or defibrillator 220, described hereinabove with
reference to FIGS. 2 and 3, respectively, mutatis mutandis.
Defibrillator 320 comprises garment 30; cardiac sensing
electrodes 32, each of which is configured for placement in
external or internal contact with the chest of the patient to
sense cardiac activity of the patient (e.g., an ECG); defibril-
lation electrodes 34; and control circuitry 36.
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[0415] 1In general, garment 30 must tightly fit the patient’s
chest in order for defibrillation electrodes 34 to achieve good
electrical contact with the body. However, a tight fit is
inconvenient and uncomfortable for the patient over long
periods of time. In some applications of the present inven-
tion, garment 30 is normally worn loose, such as shown in
FIG. 4A. Before (typically, immediately before) applying
one or more defibrillation shocks, garment 30 is tightened
mechanically to achieve close contact between defibrillation
electrodes 34 and skin 235, such as shown in FIG. 4B. To
this end, defibrillator 320 further comprises a tightening
mechanism 380, which is configured to modulate a tightness
of defibrillation electrodes 34 against the chest of the patient.
Control circuitry 36 is configured to:
[0416] detect cardiac arrhythmia using cardiac sensing
electrodes 32,
[0417] ascertain that the detected cardiac arrhythmia is
a type of cardiac arrhythmia that can be treated by
applying defibrillation (such as VF or rapid VT), and
[0418] upon ascertaining that the detected cardiac
arrhythmia can be treated by applying defibrillation, (i)
drive tightening mechanism 380 to increase the tight-
ness of defibrillation electrodes 34 against skin 235 of
the chest of the patient, and (ii) drive defibrillation
electrodes 34 to apply at least one defibrillation shock
to the chest of the patient.
[0419] For some applications, tightening mechanism 380
is configured to modulate the tightness of defibrillation
electrodes 34 against the chest of the patient by modulating
a tightness of garment 30 around the chest of the patient.
Control circuitry 36 is configured to, upon ascertaining that
the detected cardiac arrhythmia can be treated by applying
defibrillation, drive tightening mechanism 380 to increase
the tightness of garment 30 around the chest of the patient.
[0420] For some applications, tightening mechanism 380
comprises one or more balloons 382, which are configured
to push defibrillation electrodes 34 against the chest of the
patient upon inflation of the one or more balloons 382. For
some applications, tightening mechanism 380 comprises
materials that generate a gas, such as CO2, by a chemical
reaction.
[0421] For some applications, tightening mechanism 380
comprises one or more springs, which are configured to push
defibrillation electrodes 34 against the chest of the patient
(configuration not shown). For example, the springs may be
held compressed (e.g., by respective latches) until triggered
by control circuitry 36 (e.g., via a drawstring). Alternatively,
tightening mechanism 380 may comprise one or more
springs or electromechanical actuators that are configured to
tighten garment 30, e.g., by shortening a circumference of a
belt-like portion of garment 30. For example, the springs
may be held compressed (e.g., by respective latches) until
triggered by control circuitry 36 (e.g., via a drawstring).
[0422] For some applications, defibrillator 320 further
comprises one or more reservoirs containing electrically-
conductive gel. Tightening mechanism 380 is configured,
when driven to increase the tightness, to release the gel to a
region between defibrillation electrodes 34 and the chest to
improve electrical conduction during applying of the at least
one defibrillation shock. Alternatively or additionally, tight-
ening mechanism 380 is configured, when driven to increase
the tightness, to apply pressure to the reservoirs, which
releases the gel between the defibrillation electrodes and the
chest to improve electrical conduction during applying of
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the at least one defibrillation shock. Further alternatively or
additionally, defibrillator 320 implements the gel-releasing
configuration described hereinbelow with reference to FIGS.
6 and 7A-C.

[0423] For some applications, cardiac sensing electrodes
32 comprise respective exposed electrode surfaces for place-
ment against an external surface of skin 235, as shown in
FIGS. 4A-B. For other applications, cardiac sensing elec-
trodes 32 comprise respective intracorporeal cardiac sensing
electrode units 232, as described hereinabove with reference
to FIG. 3. For still other applications, cardiac sensing
electrodes 32 comprise respective capacitive cardiac sensing
electrodes 132, described hereinabove with reference to
FIG. 2.

[0424] Reference is now made to FIGS. SA-B, which are
schematic illustrations of a defibrillator 420, in accordance
with an application of the present invention. Defibrillator
420 is one implementation of defibrillator 20, described
hereinabove with reference to FIGS. 1A-B. The features of
defibrillator 420 may be combined with those of defibrillator
120, defibrillator 220, and/or defibrillator 320, described
hereinabove with reference to FIGS. 2, 3, and 4A-B, respec-
tively, mutatis mutandis. Defibrillator 420 comprises gar-
ment 30; cardiac sensing electrodes 432; defibrillation elec-
trodes 34; and control circuitry 36. Typically, each of cardiac
sensing electrodes 432 comprises an electrically exposed
surface that is coupled to an inner surface 440 of garment 30
for external placement on skin 235 of the chest of the patient
to sense cardiac activity of the patient (e.g., an ECG).
[0425] In general, a high-quality measured cardiac signal
is necessary to ensure that shocks are applied when neces-
sary (i.e., a low false-negative rate), but only when neces-
sary (i.e., a low false-positive rate). In some applications of
the present invention, in order to lower the risk of false
positives, defibrillator 420 further comprises a tightening
mechanism 494, which is configured to modulate a tightness
of cardiac sensing electrodes 432 against the chest of the
patient, and control circuitry 36 is configured to:

[0426] detect the cardiac activity (e.g., an ECG) of the
patient using cardiac sensing electrodes 432, make a
preliminary detection of cardiac arrhythmia based on
the detected cardiac activity, and ascertain that the
preliminarily detected-cardiac arrhythmia is a type of
cardiac arrhythmia that can be treated by applying
defibrillation (such as VF or rapid VT), and

[0427] upon ascertaining that the preliminarily-detected
cardiac arrhythmia can be treated by applying defibril-
lation:

[0428] drive tightening mechanism 494 to increase
the tightness of cardiac sensing electrodes 432
against the chest of the patient,

[0429] thereafter, again detect the cardiac activity of
the patient (e.g., an ECG) using the tightened cardiac
sensing electrodes 432, and make an improved
detection of the cardiac arrhythmia based on the
again-detected cardiac activity,

[0430] ascertain that the detected cardiac arrhythmia
is a type of cardiac arrhythmia that can be treated by
applying defibrillation (such as VF or rapid VT), and

[0431] upon ascertaining that the cardiac arrhythmia
detected by the improved detection can be treated by
applying defibrillation, drive defibrillation electrodes
34 to apply at least one defibrillation shock to the
chest of the patient.
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[0432] For some applications, tightening mechanism 494
is configured to modulate the tightness of cardiac sensing
electrodes 432 against the chest of the patient by modulating
a tightness of garment 30 around the chest of the patient.
Control circuitry 36 is configured to, upon ascertaining that
the preliminarily detected-cardiac arrhythmia can be treated
by applying defibrillation, drive tightening mechanism 494
to increase the tightness of garment 30 around the chest of
the patient. For some applications, control circuitry 36 is
configured to reduce the tightness of garment 30 around the
chest of the patient upon ascertaining that the preliminarily-
detected cardiac arrhythmia was not in fact cardiac arrhyth-
mia (and/or, optionally, that the cardiac arrhythmia cannot
be treated by applying defibrillation).

[0433] For some applications, tightening mechanism 494
comprises one or more balloons 496, which are configured
to push cardiac sensing electrodes 432 against the chest of
the patient upon inflation of the one or more balloons 496.
For some applications, tightening mechanism 494 comprises
materials that generate a gas, such as CO2, by a chemical
reaction.

[0434] For some applications, tightening mechanism 494
comprises one or more springs, which are configured to push
cardiac sensing electrodes 432 against the chest of the
patient (configuration not shown). For example, the springs
may be held compressed (e.g., by respective latches) until
triggered by control circuitry 36 (e.g., via a drawstring).
Alternatively, tightening mechanism 494 may comprise one
or more springs or electromechanical actuators that are
configured to tighten garment 30, e.g., by shortening a
circumference of a belt-like portion of garment 30. For
example, the springs may be held compressed (e.g., by
respective latches) until triggered by control circuitry 36
(e.g., via a drawstring).

[0435] For some applications, defibrillator 420 further
comprises one or more reservoirs containing electrically-
conductive gel. For some of these applications, tightening
mechanism 494 is configured, when driven to increase the
tightness, to release the gel to regions between cardiac
sensing electrodes 432 and the chest to improve electrical
conduction when again detecting the cardiac activity after
tightening cardiac sensing electrodes 432. Alternatively or
additionally, tightening mechanism 494 is configured, when
driven to increase the tightness, to apply pressure to the
reservoirs, which releases the gel between the defibrillation
electrodes and the chest to improve electrical conduction
during applying of the at least one defibrillation shock.
[0436] Reference is made to FIGS. 6 and 7A-C, which are
schematic illustrations of gel-releasing configuration of defi-
brillation electrodes 34, in accordance with an application of
the present invention. FIGS. 7A-C are cross-sectional views
of FIG. 6 (with FIG. 7A taken along line VIIA-VIIA of FIG.
6). This gel-releasing configuration can be used in combi-
nation with any of the configurations of defibrillator 20
described hereinabove with reference to FIGS. 1A-5. For
some applications, each of defibrillation electrodes 34 fur-
ther comprises a reservoir 500 containing electrically-con-
ductive gel 502 (shown in FIGS. 7A-B). In order to release
gel 502 before applying the one or more defibrillation
shocks, defibrillator 20 comprises one or more exposure
actuators 510 (such as one exposure actuator 510 per defi-
brillation electrode 34), which are typically electrically
coupled to control circuitry 36. Control circuitry 36 is
configured to activate the one or more exposure actuators
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510 to release gel 502 before driving defibrillation elec-
trodes 34 to apply the at least one defibrillation shock to the
chest of the patient. Each exposure actuator 510 is config-
ured to remove a liner 512 removably covering gel 502, such
as by peeling or sliding liner 512 off of the gel. For example,
each actuator may comprise a motor 514 and a roller 516,
which may use rotation for removing the liner.

[0437] For some applications, liner 512 is initially folded
so as to define two portions, first and second portions 520A
and 520B, alongside each other, which meet at a distal fold
522. Second portion 520B directly contacts gel 502, and first
portion 520A does not directly contact gel 502, but instead
is exposed for placement against skin 235. Typically, second
portion 520B is removably sealed around the perimeter of
reservoir 500 (e.g., by RF, glue, or heat), in order to prevent
leakage of gel 502. Exposure actuator 510 is arranged to pull
first portion 520A proximally (to the left in FIGS. 7A-C).
First portion 520A in turn pulls second portion 520B proxi-
mally, peeling second portion 520B off of gel 502. This
folded arrangement results in second portion 520B effec-
tively being pulled from its distal (far) end, rather than its
proximal (close) end, which may aid in overcoming friction
between the skin and the liner during removal of the liner.
[0438] Reference is now made to FIGS. 8 A-B, which are
schematic illustrations of disposable single-use cartridges
530 and defibrillator 20, in accordance with an application
of the present invention. Each cartridge 530 comprises one
or more defibrillation electrodes 34, liners 512, reservoir 500
containing gel 502, and exposure actuators 510. Each car-
tridge 530 is inserted into a corresponding receptacle 540 of
garment 30 while the or more liners 512 seal gel 502 within
the one or more reservoirs 500. After exposure of gel 502 in
conjunction with the application of one or more defibrilla-
tion shocks, cartridge 530 is removed from the garment and
replaced with a fresh cartridge 530. Typically, each cartridge
530 is provided in separate packaging 550, typically sterile
packaging.

[0439] Alternatively or additionally, the defibrillator may
comprise a tightening mechanism, such as described here-
inabove, for releasing the gel.

[0440] Reference is made to FIGS. 1A-5B. For some
applications, in order to reduce the amplitude or duration of
the one or more defibrillation shocks, the control circuitry is
configured to apply lefi-ventricle antitachycardia pacing
(ATP) from a passive stimulator implanted in the pericardial
space, between the myocardium and the pericardium, or
another other cardiac locations, such as in a cardiac cham-
ber, such as in the left or right ventricle. The ATP may be
sufficient alone to resolve the fibrillation. If not, the control
circuitry applies the one or more defibrillation shocks using
the external defibrillation electrodes. The pericardial passive
stimulator is powered by and in data communication with
the external control circuitry via one or more garment-
mounted antennas (for example, external antennas 233,
described hereinabove with reference to FIG. 3, and/or by
one or more dedicated antennas). Alternatively, the pericar-
dial implant comprises a battery. Alternatively, the ATP
device is configured to be placed elsewhere, typically in
physical contact with the heart. For some applications, the
ATP device alternatively or additionally functions as a
cardiac sensor (e.g., an ECG sensor).

[0441] Reference is made to FIGS. 9A-C, which are
schematic illustrations of cardiac stimulator 112, and steps
in the implantation thereof at an implantation site, in accor-
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dance with some applications of the invention. Stimulator
112 comprises an electrically-conducting anchor 153, an
antenna 154, and a controller 156. Anchor 153 is configured
to couple stimulator 112 to tissue 91 of the heart of the
subject, and is typically disposed at one end of controller
156. Anchor 153 typically has a corkscrew shape, and is
configured to be screwed into tissue 91, and to act as an
electrode (e.g., as a first electrode). Stimulator 112 further
comprises a second electrode 158, typically disposed at the
other end of controller 156 to anchor 153. Typically, stimu-
lator 112 is configured such that anchor 153 acts as a cathode
and second electrode 158 acts as an anode (e.g., controller
156 is configured such that anchor 153 acts as a cathode and
second electrode 158 acts as an anode). Antenna 154 typi-
cally comprises a plurality of struts 155, and is typically
expandable from a constrained delivery configuration
toward a deployed configuration, as described hereinbelow.
[0442] Stimulator 112 is typically configured to wirelessly
receive power and/or other wireless signals using antenna
154 (e.g., power from medical device 96, as described
hereinabove, and/or power from a subcutaneous device 110
or 210, as described hereinbelow). As described herein-
above, stimulator 112 typically comprises no power-storage
element (i.e., no power-storage element that is configured to
power the stimulator for a continuous period of greater than
1 hour and/or to store more than 20 mAh). Stimulator 112
thereby typically consumes power as it receives the power.
For some applications of the invention, stimulator 112 does
comprise a power-storage element. For some applications of
the invention, stimulator 112 comprises a short-term power-
storage element, and is configured to continue applying
current to the heart of the subject during periods that the
stimulator does not receive the power. For example, stimu-
lator 112 may be configured to continue to function during
replacement of the device from which the stimulator
receives power (e.g., during replacement of device 96, 110
or 210 and/or power-storage elements thereof). Typically,
the short-term power-storage element is configured to power
the stimulator for a continuous period of up to 1 hour and/or
to store up to 20 mAh.

[0443] For some applications of the invention, antenna
154 comprises a rectifying antenna, and is configured to
receive power via RF signals. For some applications of the
invention, antenna 154 comprises an induction coil, and is
configured to receive power via magnetic induction.
[0444] Typically, controller 156 is encapsulated (e.g., her-
metically sealed) in a casing (not shown). The casing may
comprise any material suitable for implantation in the sub-
ject and for protection of the controller, but typically com-
prises ceramic, glass, and/or metal (e.g., titanium). Anchor
153, antenna 154, and second electrode 158 typically pro-
trude through the casing, and/or are wiredly coupled to the
controller via respective wires that protrude through the
casing.

[0445] FIG. 9A shows cardiac stimulator 112 having been
delivered to the heart of the subject, and placed in contact
with tissue 91 of the heart (e.g., within a ventricle or atrium
of the heart). Typically, stimulator 112 is configured to be
delivered percutaneously (e.g., transluminally). As shown in
FIG. 9A, stimulator 112 is typically delivered while antenna
154 is in the constrained delivery configuration thereof,
within an overtube 160, which constrains the stimulator in
the constrained configuration. For some applications, over-
tube 160 comprises a 6 Fr catheter. For some applications,
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overtube 160 (e.g., a portion thereof) is itself advanced to the
heart transcatheterally. In the constrained configuration,
antenna 154 is typically but not necessarily disposed against
controller 156 (e.g., against lateral sides thereof).

[0446] To couple stimulator 112 to tissue 91, anchor 153
is typically rotated (typically by rotating all of stimulator
112), as shown in FIG. 9B. Once stimulator 112 is coupled
to tissue 91, overtube 160 is removed from the stimulator
(e.g., by sliding the overtube proximally), as shown in FIG.
9C. Typically, antenna 154 is configured to automatically
move toward the deployed configuration thereof when over-
tube 160 is removed, as shown in FIG. 9C. In the deployed
configuration, antenna 154 (e.g., portions thereof) typically
protrudes radially from controller 156. It is hypothesized
that the expansion of antenna 154 from the delivery con-
figuration to the deployed configuration facilitates reception
and/or transmission of wireless signals (e.g., wireless power
and/or data signals).

[0447] When stimulator 112 is coupled to tissue 91, and
antenna 154 is in the deployed configuration thereof,
antenna 154 typically contacts tissue 91. For some applica-
tions, antenna 154 applies a force to tissue 91, thereby
stabilizing stimulator 112 at the implantation site. For some
applications, the force applied by antenna 154 facilitates
coupling of anchor 153 to tissue 91 by increasing friction
between the anchor and the tissue. FIG. 9C shows stimulator
112 protruding generally orthogonally from the plane of
tissue 91. However, the scope of the invention includes
stimulator 112 protruding at other angles from tissue 91,
e.g., such that the stimulator protrudes less into the heart
chamber.

[0448] Reference is made to FIGS. 10A-B, which are
schematic illustrations of heart-monitoring apparatus, com-
prising a magnetic element and a detector, in accordance
with some applications of the invention. FIG. 10A shows
heart-monitoring apparatus 121, comprising a magnetic ele-
ment, couplable to tissue in a vicinity of heart 90 of the
subject, and a detector 123, which comprises a subcutane-
ously-implantable induction wire 124 and control circuitry
126, connected to the induction wire. A magnetic element
122 is coupled to the tissue, such that beating of the heart
moves the magnetic element. Typically, magnetic element
122 is coupled to cardiac tissue, such as by being implanted
in a chamber of heart 90. Alternatively, magnetic element
122 is implanted pericardially, or at any other site in which
the magnetic element is moved by beating of the heart
(including at a site that is not in contact with the heart).
Detector 123 is subcutaneously implanted (e.g., in the vicin-
ity of magnetic element 122), such that movement of the
magnetic element induces a current in induction wire 124.
For example, and as shown in FIG. 10A, detector 123 may
be implanted in an anterior subcutaneous region of the
thorax. Control circuitry 126 is configured to detect the
induced current, and thereby to detect beating of heart 90
and/or a state thereof. For some applications, detector 123 is
implanted at a non-subcutaneous site.

[0449] Although apparatus 121 is shown in FIG. 10A as
comprising one magnetic element 122 and one induction
wire 124, it is to be noted that more than one magnetic
element and/or induction wire may be used, e.g., to increase
sensitivity and/or reliability, and/or to detect more than one
movement.

[0450] For some applications of the invention, control
circuitry 126 comprises control circuitry of a medical
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device, and is configured to apply a treatment in response to
the detected induced current. For example, control circuitry
126 may comprise control circuitry of a pacemaker and/or
an ICD, and may be configured to drive a pacing and/or
cardioverting-defibrillating current in response to detecting
arrhythmia and/or fibrillation of heart 90.

[0451] FIG. 10B shows heart-monitoring apparatus 130,
comprising magnetic element 122 and a detector 133, which
comprises a subcutaneously-implantable induction wire 134
and control circuitry 136, connected to the induction wire.
Typically, apparatus 130 (and detector 133 thereof) have
functionality similar to that of apparatus 121 (and detector
123 thereof), described with reference to FIG. 10A. Detector
133 is subcutaneously implanted in the vicinity of magnetic
element 122, such that movement of the magnetic element
induces a current in induction wire 134. For example, and as
shown in FIG. 10B, detector 133 may be subcutaneously
implanted such that induction wire 134 is subcutaneously
disposed around a portion of the subject, such as around the
thorax of the subject.

[0452] Although apparatus 130 is shown in FIG. 10B as
comprising one magnetic element 122 and one induction
wire 134, it is to be noted that more than one magnetic
element and/or induction wire may be used, e.g., to increase
sensitivity and/or reliability.

[0453] For some applications of the invention, control
circuitry 136 comprises control circuitry of a medical
device, and is configured to apply a treatment in response to
the detected induced current. For example, control circuitry
136 may comprise control circuitry of a pacemaker and/or
an ICD, and may be configured to drive a pacing and/or
cardioverting-defibrillating current in response to detecting
arrhythmia and/or fibrillation of heart 90.

[0454] Reference is again made to FIGS. 10A-B. It is
noted that, for some applications, magnetic element 122
comprises any magnetic component of a prior art cardiac
stimulator, and this cardiac stimulator may be, for example,
a leadless pacemaker or a standard pacemaker coupled by a
lead to a separate control circuitry. For such applications,
detector 123 and/or detector 133 are configured to detect
movement of the prior art cardiac stimulator. The scope of
the invention thereby includes implanting detector 123 and/
or induction wire 124 in a subject in whom a cardiac
stimulator is implanted, so as to detect movement of the
cardiac stimulator. The scope of the invention further
includes implanting one or more magnetic elements 122 at
respective sites in the body of the subject that are moved by
breathing of the subject, and detecting breathing by detect-
ing movement of the magnetic elements (e.g., as described
hereinbelow with reference to FIG. 11).

[0455] Reference is made to FIG. 11, which is a schematic
illustration of a system 100, comprising a subcutaneous
device 110, and at least one cardiac stimulator 112, for
treating heart 90 of the subject, in accordance with some
applications of the invention.

[0456] Device 110 is implantable subcutaneously, and
comprises control circuitry 102 and at least one cable 106.
Typically, cable 106 is configured to be coupled to control
circuitry 102 such that the cable forms a loop outside of the
control circuitry. Cable 106 comprises one or more wires
disposed therewithin, including at least one power-transmit-
ting wire 108. Typically, power-transmitting wire 108
extends through the full length of cable 106, such that when
the cable forms the loop, both ends of the power-transmit-
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ting wire connect to control circuitry 102, so as to form a
circuit with the control circuitry.

[0457] For some applications of the invention, device 110
is provided in an open configuration, in which a proximal
cable portion 106a of cable 106 (and, thereby, a proximal
end of the power-transmitting wire) is coupled to control
circuitry 102, and a distal cable portion 1065 of the cable is
free. Alternatively, device 110 may be provided with cable
106 completely uncoupled from control circuitry 102. A
physician implants cable 106 subcutaneously, such that the
cable forms a loop.

[0458] The physician subsequently couples, to control
circuitry 102, the distal end of the cable (or both ends of the
cable, if device 110 is provided with cable 106 completely
uncoupled from the control circuitry). That is, subsequently
to implanting cable 106, the physician “plugs” the cable into
the control circuitry (e.g., into a “header” of the control
circuitry), thereby completing the circuit of the power trans-
mitting-wire and control circuitry.

[0459] Control circuitry 102 typically comprises a power-
storage element (i.e., a power-storage element that is con-
figured to power the control circuitry for a continuous period
of greater than 1 hour and/or to store more than 20 mAh),
which may be rechargeable (e.g., wirelessly rechargeable) or
non-rechargeable. Control circuitry 102 is configured to
drive the power-transmitting wire of cable 106 to transmit a
wireless power signal, such as a radio-frequency (RF) sig-
nal, or a magpetic induction signal. That is, the power-
transmitting wire of cable 106 (or the circuit formed
thereby) acts as an antenna or induction loop. As described
hereinbelow, cardiac stimulator 112 is configured to receive
the wireless power signal, and to drive a pacing current into
heart 90, at least in part responsively to the power signal.
[0460] Typically, device 110 further comprises a cardio-
version-defibrillation structure 104, disposed between the
proximal and distal portions of cable 106, and comprising
one or more electrodes 105. Each electrode 105 is connected
to control circuitry 102 by a respective electrode wire 109
(e.g., electrode wire 109a or electrode wire 1094), disposed
within cable 106. Typically, cardioversion-defibrillation
structure 104 comprises two or more cardioversion-defibril-
lation electrodes 105, and is configured to drive a cardio-
verting-defibrillating current therebetween, via tissue of the
subject (e.g., as described hereinbelow). For some applica-
tions, and as shown in FIG. 11, electrode wire 109a is
disposed in cable portion 106a, and electrode wire 1095 is
disposed in cable portion 1065 (i.e., each electrode wire is
disposed in a respective cable portion). That is, each elec-
trode wire 109 is disposed in one of the cable portions, and
not in the other cable portion. Alternatively, both electrode
wires (i.e., electrode wires 109¢ and 1095) are disposed
within one of the cable portions (e.g., within cable portion
106a).

[0461] For some applications, cardioversion-defibrillation
structure 104 comprises only one electrode 105, and a
component (e.g., an outer surface, such as a casing) of
control circuitry 102 acts as a second electrode.

[0462] Cardiac stimulator 112 is coupled to the heart of the
subject, such as by being implanted in a heart chamber of the
subject (e.g., as described hereinabove with reference to
FIGS. 9A-C). As described hereinabove (e.g., with reference
to FIGS. 5A-6C), cardiac stimulator 112 typically comprises
components as known for a leadless cardiac stimulator, such
as a leadless cardiac pacemaker, e.g., an intraventricular
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cardiac pacemaker. However, as described hereinabove,
stimulator 112 typically comprises no circuitry to directly
sense parameters of the heart, and no power-storage element
(i.e., no power-storage element that is configured to power
the stimulator for a continuous period of greater than 1 hour
and/or to store more than 20 mAh). Cardiac stimulator 112
is configured to receive the power signal transmitted by
device 110, and, at least in part responsively to the power
signal, to drive a current into heart 90. For example, device
110 may transmit the wireless power signal as a series of
pulses, which are received by stimulator 112, which drives
a pacing current into the heart upon receipt of each pulse.
That is, device 110 is configured to drive stimulator 112 to
apply the current (e.g., the pacing current) to the heart, by
transmitting the wireless power signal.

[0463] System 100 is typically configured to detect one or
more factors associated with a state of the heart of the
subject (e.g., cardiac rhythm or arthythmia), and to respon-
sively apply an electrical current to the heart of the subject.
Non-limiting examples of such functionality, which may be
combined with each other and/or with other examples of
such functionality, are included here:

[0464] For some applications of the invention, (1) con-
trol circuitry 102 is configured to detect arrhythmia of
the heart of the subject, and to responsively drive the
power-transmitting wire of cable 106 to transmit the
wireless power signal, and (2) stimulator 112 is con-
figured to responsively apply a pacing current to the
heart of the subject. For example, control circuitry 102
may be configured to detect the arrhythmia by detecting
electrical signals, such as ECG signals (e.g., a QRS
complex thereof). Alternatively or additionally, control
circuitry 102 may be configured to detect the arrhyth-
mia by magnetically detecting movement of stimulator
112, implanted in the heart of the subject (e.g., as
described with reference to FIGS. 10A-B, mutatis
mutandis).

[0465] For some applications of the invention, (1)
stimulator 112 is configured to detect arrhythmia of the
heart of the subject, and (2) stimulator 112 is configured
to responsively apply a pacing current to the heart of
the subject. For example, stimulator 112 may be con-
figured to detect the arthythmia by detecting changes in
the wireless power signal (e.g., in an amplitude
thereof), such as changes caused by movement of the
stimulator with respect to device 110 (e.g., with respect
to cable 106 thereof). Alternatively or additionally,
stimulator 112 may be configured to detect the arrhyth-
mia by detecting electrical signals in the heart of the
subject, e.g., by using electrically-conducting anchor
153 and/or second electrode 158. For some applica-
tions, stimulator 112 may transmit a wireless feedback
signal in response to the detected arrhythmia, e.g., in
response to which control circuitry 102 may alter one
or more characteristics of the power signal (such as
timing of the power signal).

[0466] For some applications of the invention, device
110 is configured to detect cardiac fibrillation, and to
responsively drive a component of system 100 to apply
a cardioverting-defibrillating current to the heart of the
subject. For example, device 110 may be configured to
detect the fibrillation (e.g., electrically and/or magneti-
cally, as described hereinabove for detecting arrhyth-
mia), and to responsively drive electrodes 105 to apply
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a cardioverting-defibrillating current to the heart of the
subject, so as to cardiovert and/or defibrillate the heart.
Alternatively or additionally, device 110 may be con-
figured to transmit a second wireless power signal, in
response to which cardiac stimulator 112 is configured
to apply the cardioverting-defibrillating current to the
heart.
[0467] For some applications in which device 110 is
configured to (1) transmit the wireless power signal which
drives stimulator 112 to drive the pacing current, and to (2)
drive the cardioverting-defibrillating current via electrodes
105, device 110 comprises a modified S-ICD in which an
additional cable portion couples the control circuitry of the
S-ICD to the cardioversion-defibrillation electrode of the
S-ICD, thereby forming a closed loop. For such an appli-
cation, the circuitry and/or sensors of the S-ICD are typically
modified so as to facilitate the functionality described here-
inabove.
[0468] As shown in FIG. 11, system 100 may comprise a
plurality of cardiac stimulators 112. For example, stimula-
tors 112 may be implanted in left ventricle 6 of the heart,
right ventricle 7 of the heart, and/or an atrium (e.g., right
atrium 8) of the heart. For example, implantation of a first
stimulator in the right ventricle of the heart, and a second
stimulator in the left ventricle of the heart, facilitates cardiac
resynchronization therapy (CRT; e.g., biventricular pacing
of the heart). Application of pacing current by each stimu-
lator 112 is coordinated with respect to the application of
pacing current by the other stimulators. Typically, this
coordination is facilitated by control circuitry 102. For
example, control circuitry 102 may independently drive
each stimulator 112 according to a pre-defined program,
and/or in response to one or more factors detected by the
control circuitry and/or the stimulators, e.g., as described
hereinabove (such as detected cardiac electrical activity
and/or detection of movement of the stimulators by mag-
netic detection and/or by detection of changes in power
signal amplitude). Alternatively or additionally, each stimu-
lator 112 may wirelessly communicate directly with one or
more other stimulators, so as to facilitate the coordination.
[0469] For some applications of the invention, a tongue-
muscle stimulator 138 is coupled to a tongue 141 of the
subject (e.g., by being implanted sublingually). Stimulator
138 is configured to apply a current to the tongue of the
subject in response to receiving a signal from device 110.
Stimulator 138 may comprise a power-storage element
and/or may wirelessly receive power from device 110, e.g.,
as described for stimulator 112. Use of tongue-muscle
stimulator 138 is described hereinbelow. For some applica-
tions, apparatus and methods described in US 2012/0123498
to Gross, for use of a tongue-muscle stimulator, are com-
bined with apparatus and methods described herein.
[0470] For some applications of the invention, a pressure
sensor 142 is implanted in a pulmonary artery 143 of the
subject (or a branch thereof), and is configured to detect
wedge pressure, and to responsively transmit a wireless
signal in response to the detected wedge pressure. Sensor
142 may comprise a power-storage element and/or may
wirelessly receive power from device 110, e.g., as described
for stimulator 112.
[0471] For some applications of the invention, at least one
magnetic element 122 is implanted at a site in the subject
that moves when the subject breathes. For example, and as
shown in FIG. 11, magnetic element 122 may be placed
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subcutaneously at a site that is circumscribed by the loop
formed by device 110. Alternatively or additionally, mag-
netic element 122 may be placed subcutaneously elsewhere
on the torso of the subject, such as subcutaneously on the
back of the subject. For such applications, device 110 is
configured to detect breathing of the subject by detecting
movement of magnetic element 122. Alternatively, a breath-
ing sensor (not shown), such as an implantable or external
breathing sensor, may be placed in communication with
device 110 (e.g., with control circuitry 102), such that device
110 is configured to detect breathing of the subject by
receiving a signal from the breathing sensor. An example of
an external breathing sensor is described in WO 2012-
066532 to Gross. For some applications in which the breath-
ing sensor comprises an implantable breathing sensor, the
implantable breathing sensor is powered by control circuitry
102.

[0472] Congestive heart failure (CHF), cardiac arrhyth-
mia, and/or sleep apnea often present together in an indi-
vidual subject. For some applications, a system 151, com-
prising system 100, tongue-muscle stimulator 138, pressure
sensor 142, and magnetic element 122, is implanted in such
asubject, and control circuitry 102 is configured, in response
to detected breathing, wedge pressure, arrhythmia, and/or
fibrillation, to drive tongue-muscle stimulator 138, cardiac
stimulators 112, and/or electrodes 105 to apply current to the
tongue and/or heart of the subject. Thereby, system 151 is
configurable to coordinate treatment of congestive heart
failure, arrhythmia, fibrillation, and/or sleep apnea.

[0473] That is, subcutaneous device 110 (e.g., control
circuitry 102 thereof) is configured to be placed in wireless
communication with one or more other implanted devices.
The other implanted devices typically comprise one or more
cardiac stimulators 112, and may also comprise other stimu-
lators (e.g., tongue-muscle stimulator 138), and/or sensors
(e.g., breathing sensors and/or pressure sensor 142).
[0474] It will be appreciated by persons skilled in the art
that the present invention is not limited to what has been
particularly shown and described hereinabove. Rather, the
scope of the present invention includes both combinations
and subcombinations of the various features described here-
inabove, as well as variations and modifications thereof that
are not in the prior art, which would occur to persons skilled
in the art upon reading the foregoing description.

1. Apparatus comprising a defibrillator, which comprises:

(a) a garment, shaped to be worn around a chest of a
patient;

(b) cardiac sensing electrodes, each of which is configured
for placement in external or internal contact with the
chest of the patient to sense cardiac activity of the
patient;

(c) defibrillation electrodes, (i) each of which is coupled
to the garment for external placement near the chest of
the patient for applying one or more defibrillation
shocks, and (i1) which comprise (A) respective reser-
voirs containing electrically-conductive gel, and (B)
respective liners removably covering the gel;

(d) one or more exposure actuators, which are configured
to remove the liners from the gel, and which comprise
respective motors and rollers; and

(e) control circuitry, which is configured to:

detect cardiac arrhythmia using the cardiac sensing
electrodes,
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ascertain that the detected cardiac arrhythmia is a type
of cardiac arrhythmia that can be treated by applying
defibrillation, and

upon ascertaining that the detected cardiac arrhythmia
can be treated by applying defibrillation, (i) drive the
one or more exposure actuators to remove the liners
from the gel, and, thereafter, (ii) drive the defibril-
lation electrodes to apply at least one defibrillation
shock to the chest of the patient.
2. The apparatus according to claim 1, wherein the one or
more exposure actuators are configured to remove the liners
from the gel by peeling or sliding the liners off of the gel.
3. (canceled)
4. The apparatus according to claim 1, further comprising
one or more disposable single-use cartridges, each of which
comprises one or more of the defibrillation electrodes, one
or more of the liners, one or more of the reservoirs contain-
ing the gel, and one or more of the exposure actuators, and
the garment is shaped so as to define one or more receptacles
for receiving the one or more disposable single-use car-
tridges.
5. The apparatus according to claim 1, wherein the
garment is selected from the group consisting of’ a vest and
a shirt.
6. Apparatus comprising a defibrillator, which comprises:
(a) a garment, shaped to be worn around a chest of a
patient;
(b) cardiac sensing electrodes, each of which is configured
for placement in external or internal contact with the
chest of the patient to sense cardiac activity of the
patient;
(¢) defibrillation electrodes, each of which is coupled to
the garment for external placement near the chest of the
patient for applying one or more defibrillation shocks;
(d) a tightening mechanism, which is configured to modu-
late a tightness of the defibrillation electrodes against
the chest of the patient; and
(e) control circuitry, which is configured to:
detect cardiac arrhythmia using the cardiac sensing
electrodes,

ascertain that the detected cardiac arrhythmia is a type
of cardiac arrhythmia that can be treated by applying
defibrillation, and

upon ascertaining that the detected cardiac arrhythmia
can be treated by applying defibrillation, (i) drive the
tightening mechanism to increase the tightness of the
defibrillation electrodes against the chest of the
patient, and (ii) drive the defibrillation electrodes to
apply at least one defibrillation shock to the chest of
the patient.

7. The apparatus according to claim 6,

wherein the tightening mechanism is configured to modu-
late the tightness of the defibrillation electrodes against
the chest of the patient by modulating a tightness of the
garment around the chest of the patient, and

wherein the control circuitry is configured to, upon ascer-
taining that the detected cardiac arrhythmia can be
treated by applying defibrillation, drive the tightening
mechanism to increase the tightness of the garment
around the chest of the patient.

8. The apparatus according to claim 6, wherein the
tightening mechanism comprises one or more balloons,
which are configured to push the defibrillation electrodes
against the chest of the patient upon inflation of the balloons.
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9. The apparatus according to claim 6, wherein the
tightening mechanism comprises one or more springs.

10. The apparatus according to claim 6,

wherein the defibrillator further comprises one or more
reservoirs containing electrically-conductive gel, and

wherein the tightening mechanism is configured, when
driven to increase the tightness, to release the gel to a
region between the defibrillation electrodes and the
chest to improve electrical conduction during applying
of the at least one defibrillation shock.

11. The apparatus according to claim 6,

wherein the defibrillator further comprises one or more
reservoirs containing electrically-conductive gel, and

wherein the tightening mechanism is configured, when
driven to increase the tightness, to apply pressure to the
one or more reservoirs, which releases the gel between
the defibrillation electrodes and the chest to improve
electrical conduction during applying of the at least one
defibrillation shock.

12. The apparatus according to claim 6,

wherein the defibrillation electrodes further comprise (a)
respective reservoirs containing electrically-conductive
gel, and (b) respective liners removably covering the
gel, and

wherein the defibrillator comprises one or more exposure
actuators, which are configured to remove the liners
from the gel.

13. The apparatus according to claim 12, wherein the one
or more exposure actuators are configured to remove the
liners from the gel by peeling or sliding the liners off of the
gel.

14. The apparatus according to claim 12, wherein the one
or more exposure actuators comprise respective motors and
rollers.

15. The apparatus according to claim 12, further com-
prising one or more disposable single-use cartridges, each of
which comprises one or more of the defibrillation electrodes,
one or more of the liners, one or more of the reservoirs
containing the gel, and one or more of the exposure actua-
tors, wherein the garment is shaped so as to define one or
more receptacles for receiving the one or more disposable
single-use cartridges.

16. The apparatus according to claim 6, wherein the
garment is selected from the group consisting of: a vest and
a shirt.

17. Apparatus comprising a defibrillator, which com-
prises:

(a) a garment, shaped to be worn around a chest of a

patient;

(b) cardiac sensing electrodes, each of which comprises
an electrically exposed surface that is coupled to an
inner surface of the garment for external placement on
skin of the chest of the patient to sense cardiac activity
of the patient;

(c) defibrillation electrodes, each of which is coupled to
the garment for external placement near the chest of the
patient for applying one or more defibrillation shocks;

(d) a tightening mechanism, which is configured to modu-
late a tightness of the cardiac sensing electrodes against
the chest of the patient; and

(e) control circuitry, which is configured to:
detect the cardiac activity of the patient using the

cardiac sensing electrodes, make a preliminary
detection of cardiac arrhythmia based on the detected
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cardiac activity, and ascertain that the preliminarily-

detected cardiac arrhythmia is a type of cardiac

arrhythmia that can be treated by applying defibril-

lation, and

upon ascertaining that the preliminarily-detected car-

diac arrhythmia can be treated by applying defibril-

lation:

drive the tightening mechanism to increase the tight-
ness of the cardiac sensing electrodes against the
chest of the patient,

thereafter, again detect the cardiac activity of the
patient using the tightened cardiac sensing elec-
trodes, and make an improved detection of the
cardiac arrhythmia based on the again-detected
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electrodes to apply at least one defibrillation shock
to the chest of the patient.
18. The apparatus according to claim 17,
wherein the tightening mechanism is configured to modu-
late the tightness of the cardiac sensing electrodes
against the chest of the patient by modulating a tight-
ness of the garment around the chest of the patient, and
wherein the control circuitry is configured to, upon ascer-
taining that the preliminarily-detected cardiac arrhyth-
mia can be treated by applying defibrillation, drive the
tightening mechanism to increase the tightness of the
garment around the chest of the patient.
19. The apparatus according to claim 17, wherein the

tightening mechanism comprises one or more balloons,
which are configured to push the cardiac sensing electrodes
against the chest of the patient upon inflation of the balloons.
20. The apparatus according to claim 17, wherein the
upon ascertaining that the cardiac arhythmia tightening mechanism comprises one or more springs.
detected by the improved detection can be treated 21-177. (canceled)
by applying defibrillation, drive the defibrillation ook ok ko ®

cardiac activity,

ascertain that the detected cardiac arrhythmia is a
type of cardiac arrhythmia that can be treated by
applying defibrillation, and
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