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Description

[0001] The present invention generally relates to an
activity monitor and to a rate-adaptive implantable lead-
less pacemaker comprising an activity monitor.

[0002] Leadless cardiac pacemakers as disclosed for
example in US patent application US 2012/0109236 A1,
are small devices implanted directly in a ventricle of a
heart. Leadless cardiac pacemakers are preferably rate-
adaptive to change pacing output dependent on patient
activity. The problem is that sensing patient activity nor-
mally requires large circuitry with high power consump-
tion for the application.

[0003] Leadless cardiac pacemakers disclosed in prior
art adapt pacing rate based either on an activity sensor
(accelerometer) or temperature sensor, and associated
circuitry, hermetically contained within the housing.
[0004] Leadless pacemaker design has strict size and
power consumption requirements. A motion-sensing ac-
tivity sensor (e.g. an accelerometer) contained within the
housing to adapt the pacing rate occupies substantial
space and its associated circuitry (for signal processing)
requires a power consumption level that reduces the life-
time of the device. A temperature sensor-based pace-
maker, on the other hand, has a slow response time,
which is detrimental to useful pacing rate adaptation.
[0005] In view of the above, there is a need for an im-
proved rate-adaptive implantable leadless pacemaker.
[0006] European PatentEP 1503 661 B1 discloses an
activity monitor for monitoring metabolic demand that has
two electrodes that are made of biocompatible materials
that have different sensitivities to pH changes. The two
electrodes are connected to an activity monitoring unit
that is adapted to determine an open-circuit potential dif-
ference between said two electrodes and to generate an
activity signal derived from said open-circuit potential dif-
ference.

[0007] Itis an object of the invention to provide an im-
proved leadless pacemaker and an activity monitor for
monitoring metabolic demand.

[0008] The object of the invention is achieved by an
implantable leadless pacemaker having a housing and
at least two electrodes arranged on said housing. The
two electrodes are made of biocompatible materials that
have different sensitivities to pH changes. The two elec-
trodes are connected to an activity monitoring unit that
is adapted to periodically determine an open-circuit po-
tential difference between the two electrodes and to gen-
erate an activity signal derived from said open-circuit po-
tential difference. The implantable leadless pacemaker
further comprises a control unit that is connected to the
activity sensor and that is adapted to adjust a pacing rate
in response to said activity signal generated by said ac-
tivity monitoring unit. The implantable leadless pacemak-
er is characterized in that the activity monitoring unit or
the control unit or both are configured to generate an
activity signal indicating an increase of pacing rate or
increasing the pacing rate, respectively, only when a sud-
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den decrease of pH is determined.

[0009] Thus, the object of the invention is achieved by
aleadless pacemaker with an activity monitor that utilizes
the electrical properties of its electrodes in contact with
blood to adapt the pacing rate.

[0010] Changes in metabolic needs, such as those
caused by physical activities or emotional stress, will vary
the venous blood pH within a narrow range around 7.35.
[0011] The activity monitoring unit of the implantable
leadless pacemaker of the invention thus responds to
both, physical activity and emotional stress. The term
"activity" is thus used in broad sense, because it includes
both physical activity and emotional stress.

[0012] While pH-based rate-adaptive pacemakers us-
ing cardiac leads were proposed and tested in the late
70s, they did not gain clinical acceptance as the meas-
urement techniques proposed required an Ag/AgCl ref-
erence electrode, which is not biocompatible or suitable
for long term implantation.

[0013] The leadless pacemaker of the present inven-
tion incorporates two electrodes made of biocompatible
materials with different sensitivity to pH changes. A first
material presents a Nernstian or super-Nernstian behav-
ior with pH, i.e. its open-circuit potential varies with a
large negative slope, for example of about less than -50
mV/pH, preferably less than -60 mV/pH, and the second
material is either insensitive to pH or presents a smaller
negative slope (sub-Nernstian behavior), e.g. a slope of
more than -40 mV/pH, preferably more than -30 mV/pH.
[0014] In the implantable pacemaker, the open-circuit
potential difference between these two electrodes is pe-
riodically measured to allow adjusting the pacing rate.
The materials of the present invention are also suitable
for electrical stimulation, which allows implementing a
rate-adaptive pacemaker with the minimum two elec-
trodes required for pacing.

[0015] The technical advantages of this invention in-
clude: 1) Implementing a rate-adaptive leadless pace-
maker re-utilizing features already required for pacemak-
er operation; 2) implementing a rate-adaptive leadless
pacemaker with minimum power consumption required
for rate adaptation; 3) reduced component countand size
(no need for an accelerometer or temperature sensor)
saves space; 4) fast response time compared to a tem-
perature-based sensor; 5) rate adaptation using pH is
also responsive to emotional stress, which cannot be
achieved with an accelerometer or temperature-based
activity sensor.

[0016] In a preferred embodiment of the implantable
leadless pacemaker, the activity monitoring unit is adapt-
ed to periodically determine the open-circuit potential dif-
ference between said two electrodes. Preferably, the im-
plantable leadless pacemaker further comprises a con-
trol unit that is connected to the activity monitoring unit
and that is adapted to adjust a pacing rate in response
to said activity signal generated by said activity monitor-
ing unit.

[0017] In preferred embodiments of the implantable
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leadless pacemaker, the sub-Nernstian material is a
coating made of or comprising poly(3,4-ethylenedioxythi-
ophene):poly(styrenesulfonate).

[0018] In preferred embodiments of the implantable
leadless pacemaker, the super-Nernstian material is a
coating made of or comprising iridium oxide (IrO).
[0019] Preferably, the super-Nernstian material is a
coating made of or comprising a non-stoichiometric com-
position of iridium oxide, namely either IrO(2-x) or
IrO(2+x), in particular IrO(1.5).

[0020] In preferred embodiments the coating made of
or comprising iridium oxide is deposited on the electrode
surface using reactive physical vapor deposition (PVD).
[0021] A preferred embodiment of the implantable
leadless pacemaker has a housing whereupon the two
electrodes are arranged and wherein the activity moni-
toring unit is adapted to periodically determine the open-
circuit potential difference between said two electrodes.
The preferred implantable leadless pacemaker further
comprises a control unit that is connected to the activity
sensor and that is adapted to adjust a pacing rate in re-
sponse to said activity signal generated by said activity
monitoring unit.

[0022] Preferably, the activity monitoring unit or the
control unit or both are configured to generate an activity
signal indicating an increase of pacing rate or increasing
the pacing rate, respectively, only when a sudden de-
crease of pH is determined.

[0023] Itis further preferred when the activity monitor-
ing unit or the control unit or both are configured to de-
termine or to respond to the activity signal during diastole
only.

[0024] Similarly, itis further preferred when the activity
monitoring unit or the control unit or both are configured
evaluate the activity signal so as to determine a contact
with an inner heart wall and thus to monitor cardiac con-
traction during systole.

[0025] The implantable leadless pacemaker may fur-
ther comprise impedance determination circuitry and a
third electrode made of or comprising iridium oxide, which
is connected to said impedance determination circuitry.
In such embodiment, in which preferably the first and/or
the second electrodes are also connected to the imped-
ance circuitry, the impedance determination circuitry is
configured to determine a tissue-electrode capacitance
or changes thereof The third electrode preferably has a
smaller surface than the first and second electrode.
[0026] In preferred embodiments of both, the implant-
able leadless pacemaker itself is configured to perform
long-term monitoring of pH.

[0027] The above and other aspects, features and ad-
vantages of the present invention will be more apparent
from the following more particular description thereof pre-
sented in conjunction with the following drawings, where-
in:
Fig. 1 is an external view of a leadless implantable
pacemaker;
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Fig.2 is a schematic block diagram of some internal
components of the pacemaker of figure 1; and

Fig. 3 is a schematic block diagram of some internal
components of an alternative embodiment of a
pacemaker according to the invention.

[0028] The following description is of the best mode

presently contemplated for carrying out the invention.
This description is not to be taken in a limiting sense, but
is made merely for the purpose of describing the general
principles of the invention. The scope of the invention
should be determined with reference to the claims.
[0029] Figure 1 shows an implantable leadless pace-
maker with an elongate housing 100 and two electrodes
101 and 102. Each electrode is arranged at a respective
longitudinal end of the housing 100.

[0030] Electrode 102 is a return electrode for pacing
purposes. Electrode 101 is coated with poly(3,4-ethylen-
edioxythiophene):poly(styrenesulfonate) (also known as
PEDOT:PSS), a biocompatible conductive polymer with
a linear sub-Nernstian response in the pH range consid-
ered. Electrode 102, on the other hand, is coated with
iridium oxide deposited with a state of oxidation that pro-
vides at least a linear Nernstian behavior with pH.
[0031] As shown in Figure 2 and Fig. 3, the electrodes
101 and 102 are connected to the inputs of amplifier 104
contained within the housing 100 capable of measuring
such varying open-circuit potentials difference. The
measured potential is fed to an activity monitoring unit
105 that generates an activity signal for a pacing control
unit 106. Pacing control unit 106 is connected to a stim-
ulation unit 107 and a sensing unit 108. Pacing control
unit 106 is further connected to a memory 109 and a
communication unit 110. By means of stimulation unit
107 and sensing unit 108, control unit 106 can apply de-
mand pacing of a heart chamber through electrodes 101
and 102 in a manner known per se. By means of the
activity signal provided by the activity monitoring unit 105,
pacing can be rate-adaptive, that is, a respective pacing
rate can be adapted to the metabolic demand of a re-
spective person. In another embodiment, the sensing unit
108 is adapted to implement the tasks of 104 thus reduc-
ing the circuitry required for rate adaptation. Further, con-
trol unit 106 can interact with the electrodes 101 and 102
by means of the communication unit 110.

[0032] The implantable leadless pacemaker deter-
mines a metabolic demand by means of blood pH chang-
es. Metabolic needs, including emotional stress, will vary
the pH intherange of 7.35to0 7.29. Hence, with aresulting
slope of -30 mV/pH, this translates into a full-range volt-
age variation of 1.8 mV. Sixteen steps of rate adaptation
imply a resolution of approximately 112 wV, which can
be implemented with very low-power consumption.
[0033] The two electrodes 101 and 102 are made of
biocompatible materials with different sensitivity to pH
changes. A first material presents a Nernstian or super-
Nernstian behavior with pH, i.e. its open-circuit potential
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varies with a large negative slope, for example of about
- 60 mV/pH, and the second material is either insensitive
to pH or presents a smaller negative slope (sub-Nerns-
tian behavior), e.g. a slope of -30 mV/pH.

[0034] Since pacing affects the ionic concentrations of
the immediate layer next to an electrode, activity moni-
toring unit 105 and/or control unit 106 are configured to
perform measurements for rate adaptation during dias-
tole.

[0035] The control unit 106 is configured to increase
the pacing rate only when sudden pH decreases are de-
tected. This avoids runaway pacing rate changes that
can occur from long-term pH changes in the body due to
medication or other systemic effects.

[0036] In an alternative embodiment, electrodes 101
and 102 are coated with iridium oxide and PE-DOT:PSS,
respectively.

[0037] Figure 3 illustrates yet another embodiment,
wherein the leadless pacemaker includes a third iridium
oxide electrode 111 of much smaller area compared with
the other iridium oxide electrode 102. pH variations will
result in changes of the tissue-electrode capacitance,
which can be detected by impedance measurements or
other type of AC measurements. Accordingly, the activity
monitoring unit 105’ of the embodiment illustrated in Fig-
ure 3 further comprises impedance determination circuit-
ry including an AC current source 112 and a voltmeter
113.

[0038] In another embodiment, the pH sensor is used
for long-term monitoring of blood pH. Changes in blood
pH may occur due to medication, and monitoring the pH
may help the physician to titrate the proper dosage of
medication. pH also may change due to sleep apnea or
other metabolic disease states that cause alkalosis or
acidosis. The monitor would allow for a physician to mon-
itor the pH trend of the patient and prescribe long-term
treatment accordingly.

[0039] Inyetanother embodiment, the mechanical mo-
tion of the heart chamber is sensed by measuring the
potential of the dissimilar electrode materials inresponse
to contact with the inner heart wall. When the heart wall
contacts the electrodes, the thin layer of electrons is per-
turbed thereby changing the measured potential. The
force of the cardiac contraction will alter the potential
change on the electrodes. Measurement of the cardiac
contraction would occur during systole. Therefore, con-
stant monitoring of the electrode potential during systole
and diastole allows for cardiac contractile force meas-
urement as well as venous pH measurements.

[0040] For pH sensors, it is preferred to identify mate-
rials that undergo a reversible reduction-oxidation reac-
tion when in solution, such that the ratio of activation en-
ergies maximizes the resulting cell potential as predicted
by the Nernst equation. In the case of iridium oxide, this
ratio is facilitated by the transition of Ir from a 4+ to a 3+
charge state (in the form of IrO2 and Ir203, respectively).
Since the ratio of activation energies is dependent on the
molar concentrations of the ions in solutions (and there-
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fore driven by pH), one can see that the voltage sensitivity
of the redox reaction can be changed by altering the
amount of molar concentration of highly active constitu-
ents. In this regard, a preferred iridium oxide coating may
actually be a non-stoichiometric composition, meaning
that the deposited coating is either IrO(2-x) or IrO(2+x).
In this regard, it is possible to tailor the Nernst potential
in such a way that it matches specific device and/or sen-
sor requirements.

[0041] In a preferred embodiment, the IrOx is depos-
ited on the surface of the device or device component
using reactive physical vapor deposition (PVD), although
chemical vapor deposition (CVD), or related techniques
(PE-CVD, ion beam, etc.) may be used. In reactive PVD,
the stoichiometry of the resulting IrOx coating is depend-
ent on the amount of oxygen gas injected into the carrier
gas (typically Ar), and the amount of iridium sputtered
from a pure target. In this manner, it is possible to create
a variety of iridium oxide compositions; the most pre-
ferred stoichiometry would be IrO(1.5).

[0042] In a preferred embodiment, an IrOx coating is
developed such thatit exhibits Nernstian or super-Nerns-
tian behavior, and is paired with a counter electrode that
provides sub-Nernstian behavior. It is possible that this
counter electrode could be a different IrOx composition,
as well as PEDOT, bare metal, or other materials.
[0043] Although an exemplary embodiment of the
present invention has been shown and described, it
should be apparentto those of ordinary skill thatanumber
of changes and modifications to the invention may be
made without departing from the spirit and scope of the
invention. In particular, it is possible to integrate the ac-
tivity monitor according to the invention in devices other
than pacemakers. This invention can readily be adapted
to a number of different kinds of medical devices by fol-
lowing the present teachings. All such changes, modifi-
cations and alterations should therefore be recognized
as falling within the scope of the present invention.

List of references

[0044]

100 (elongate) housing
101, 102 electrodes

104 amplifier

105, 105’ activity monitoring unit
106 pacing control unit
107 stimulation unit

108 sensing unit

109 memory

110 communication unit
111 iridium oxide electrode
112 AC current source

113 voltmeter
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Claims

An implantable leadless pacemaker comprising an
activity monitor for monitoring metabolic demand,
wherein the monitoring device having at least two
electrodes (101, 102) that are made of biocompatible
materials that have different sensitivities to pH
changes, said two electrodes being connected to an
activity monitoring unit (105) that is adapted to peri-
odically determine an open-circuit potential differ-
ence between said two electrodes (101, 102) and to
generate an activity signal derived from said open-
circuit potential difference, said implantable leadless
pacemaker having a housing (100), said two elec-
trodes (101, 102) being arranged on said housing
(100), and further comprising a control unit (106) that
is connected to said activity monitoring unit (105)
and that is adapted to adjust a pacing rate in re-
sponse to said activity signal generated by said ac-
tivity monitoring unit (105),

characterized in that

the activity monitoring unit (105) or the control unit
(106) or both are configured to generate an activity
signal indicating an increase of pacing rate or an
increasing pacing rate, respectively, only when a
sudden decrease of pH is determined.

The implantable leadless pacemaker of claim 1,
wherein one of said two electrodes (101, 102) is
made of or comprises a first biocompatible material
that presents a Nernstian or super-Nernstian behav-
ior with pH, and the other of said two electrode is
made of or comprises a second biocompatible ma-
terial that is either in-sensitive to pH or presents a
sub-Nernstian behavior.

The implantable leadless pacemaker of claim 1 or
2, wherein said first biocompatible material that
presents a Nernstian or super-Nernstian behavior is
a material exhibiting a variation of open-circuit po-
tential with a large negative slope of less than -50
mV/pH, preferably less than-60 mV/pH, and wherein
said second biocompatible material, that presents a
sub-Nernstian behavior, is a material exhibiting a
variation of open-circuit potential with a smaller neg-
ative slope of more than -40 mV/pH, preferably more
than -30 mV/pH.

The implantable leadless pacemaker according to
at least one of claims 1 to 3, wherein the sub-Nerns-
tian material is a coating made of or comprising po-
ly(3,4-ethylenedioxythiophene):poly(styrenesul-
fonate).

The implantable leadless pacemaker according to
at least one of claims 1 to 4, wherein the super-
Nernstian material is a coating made of or comprising
iridium oxide.
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6.

10.

1.

12.

13.

The implantable leadless pacemaker according to
claim 5, wherein the super-Nernstian material is a
coating made of or comprising a non-stoichiometric
composition of iridium oxide, namely either IrO(2-x)
or [rO(2+x).

The implantable leadless pacemaker according to
claim 6, wherein the super-Nernstian material is a
coating made of or comprising IrO(1.5) as a non-
stoichiometric composition of iridium oxide.

The implantable leadless pacemaker according to
at least one of claims 5 to 7, wherein the coating
made of or comprising iridium oxide is deposited on
the electrode surface via reactive physical vapor
deposition (PVD).

The implantable leadless pacemaker according to
claim 1, wherein the activity monitoring unit (105) or
the control unit (106) or both are configured to de-
termine or to respond to the activity signal during
diastole only.

The implantable leadless pacemaker according to
at least one of claims 1 or 9, wherein the activity
monitoring unit (105) or the control unit (106) or both
are configured evaluate the activity signal so as to
determine a contact with an inner heart wall and thus
to monitor cardiac contraction during systole.

The implantable leadless pacemaker according to
at least one of claims 1, 9 or 10, further comprising
an impedance determination circuitry and a third
electrode (111), said third electrode is made of or
comprising iridium oxide and is connected to said
impedance determination circuitry (112, 113),
wherein said impedance determination circuitry
(112, 113) is configured to determine a tissue-elec-
trode capacitance or changes thereof.

The implantable leadless pacemaker according to
claim 11, wherein said third electrode (111) has a
smaller surface than said two electrodes (101, 102).

The implantable leadless pacemaker according to
atleastone of claims 1 to 12, further being configured
to perform long-term monitoring of pH.

Patentanspriiche

1.

Implantierbarer kabelloser Schrittmacher, der eine
Aktivitatsiiberwachung zum Uberwachen des Stoff-
wechselbedarfs umfasst, wobei die Uberwachungs-
vorrichtung mindestens zwei Elektroden (101, 102)
aufweist, die aus biokompatiblen Werkstoffen mit
unterschiedlicher Empfindlichkeit gegeniiber Ande-
rungen des pH-Werts gefertigt sind, wobei die bei-
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den Elektroden mit einer Aktivitdtsiberwachungs-
einheit (105) verbunden sind, die so ausgelegt ist,
dass sie in regelmaRigen Abstanden eine Potenzi-
aldifferenz im offenen Stromkreis zwischen den bei-
den Elektroden (101, 102) ermittelt und ein Aktivi-
tatssignal erzeugt, das aus der Potenzialdifferenz im
offenen Stromkreis abgeleitet wird, wobei der imp-
lantierbare kabellose Schrittmacher ein Gehause
(100) aufweist, die beiden Elektroden (101, 102) an
dem Gehduse (100) angeordnet sind und er ferner
eine Steuereinheit (106) umfasst, die mit der Aktivi-
tatstiberwachungseinheit (105) verbunden und so
ausgelegtist, dass sie eine Stimulationsfrequenz als
Reaktion auf das von der Aktivitatsiberwachungs-
einheit (105) erzeugte Aktivitdtssignal anpasst, da-
durch gekennzeichnet, dass

die Aktivitdtsiberwachungseinheit (105) und/oder
die Steuereinheit (106) so ausgelegt sind, dass sie
ein Aktivitatssignal, das einen Anstieg der Stimula-
tionsfrequenz beziehungsweise eine zunehmende
Stimulationsfrequenz anzeigt, nur dann erzeugen,
wenn ein plétzlicher Abfall des pH-Werts ermittelt
wird.

Implantierbarer kabelloser Schrittmacher nach An-
spruch 1, wobei eine der beiden Elektroden (101,
102) aus einem ersten biokompatiblen Werkstoff ge-
fertigt ist oder ihn umfasst, der ein pH-Wert-abhan-
giges Nernst-Verhalten oder Super-Nernst-Verhal-
ten zeigt, , und die andere der beiden Elektroden
aus einem zweiten biokompatiblen Werkstoff gefer-
tigt ist oder ihn umfasst, der entweder unempfindlich
gegenitiber dem pH-Wert ist oder ein Sub-Nernst-
Verhalten zeigt,.

Implantierbarer kabelloser Schrittmacher nach An-
spruch 1 oder 2, wobei der erste biokompatible
Werkstoff, der ein Nernst-Verhalten oder Super-
Nernst-Verhalten zeigt, ein Werkstoff mit einer An-
derung des Potenzials im offenen Stromkreis mit ei-
ner starken negativen Steigung von weniger als -50
mV/pH, vorzugsweise weniger als -60 mV/pH ist,
und wobei der zweite biokompatible Werkstoff, der
ein Sub-Nernst-Verhalten zeigt, ein Werkstoff mit ei-
ner Anderung des Potenzials im offenen Stromkreis
mit einer geringeren negativen Steigung von mehr
als -40 mV/pH, vorzugsweise mehr als -30 mV/pH
ist.

Implantierbarer kabelloser Schrittmacher nach min-
destens einem der Anspriiche 1 bis 3, wobeider Sub-
Nernst-Werkstoff eine Beschichtung ist, die aus Po-
ly(3,4-ethylendioxythiophen)/Poly(styrolsulfonat)
gefertigt ist oder Poly(3,4-ethylendioxythio-
phen)/Poly(styrolsulfonat) umfasst.

Implantierbarer kabelloser Schrittmacher nach min-
destens einem der Anspriiche 1 bis 4, wobei der Su-
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10.

1.

12.

13.

per-Nernst-Werkstoff eine Beschichtung ist, die aus
Iridiumoxid gefertigt ist oder Iridiumoxid umfasst.

Implantierbarer kabelloser Schrittmacher nach An-
spruch 5, wobei der Super-Nernst-Werkstoff eine
Beschichtung ist, die aus einer nicht-stéchiometri-
schen Iridiumoxid-Zusammensetzung gefertigt ist
oder eine nicht-stéchiometrische Iridiumoxid-Zu-
sammensetzung umfasst, und zwar entweder IrO(2-
x) oder IrO(2+x).

Implantierbarer kabelloser Schrittmacher nach An-
spruch 6, wobei der Super-Nernst-Werkstoff eine
Beschichtung ist, die aus IrO(1,5) als nichtstéchio-
metrischer Iridiumoxid-Zusammensetzung gefertigt
ist oder IrO(1,5) als nicht-stéchiometrische Iridium-
oxid-Zusammensetzung umfasst.

Implantierbarer kabelloser Schrittmacher nach min-
destens einem der Anspriiche 5 bis 7, wobei die Be-
schichtung, die aus Iridiumoxid gefertigt ist oder Iri-
diumoxid umfasst, auf der Elektrodenoberflache mit-
tels reaktiver physikalischer Gasphasenabschei-
dung (physical vapour deposition, PVD) abgeschie-
den ist.

Implantierbarer kabelloser Schrittmacher nach An-
spruch 1, wobei die Aktivitdtsiiberwachungseinheit
(105) und/oder die Steuereinheit (106) so ausgelegt
sind, dass sie das Aktivitatssignal nur wahrend der
Diastole ermittelt oder darauf reagiert.

Implantierbarer kabelloser Schrittmacher nach min-
destens einem der Anspriiche 1 oder 9, wobei die
Aktivitdtsiberwachungseinheit (105) und/oder die
Steuereinheit (106) so ausgelegt sind, dass sie das
Aktivitdtssignal beurteilen und so einen Kontakt mit
einer Herzinnenwand ermitteln und so die Herzkon-
traktion wahrend der Systole Uberwachen.

Implantierbarer kabelloser Schrittmacher nach min-
destens einemderAnspriiche 1,9 oder 10, derferner
eine Impedanzbestimmungsschaltung und eine drit-
te Elektrode (111) umfasst, wobei die dritte Elektrode
aus Iridiumoxid gefertigt ist oder Iridiumoxid umfasst
und mit der Impedanzbestimmungsschaltung (112,
113) verbunden ist, wobei die Impedanzbestim-
mungsschaltung (112, 113) so ausgelegt ist, dass
sie eine Gewebe-Elektrode-Kapazitat oder Ande-
rungen derselben bestimmt.

Implantierbarer kabelloser Schrittmacher nach An-
spruch 11, wobei die dritte Elektrode (111) eine klei-
nere Oberflaiche aufweist als die beiden Elektroden
(101, 102).

Implantierbarer kabelloser Schrittmacher nach min-
destens einem der Anspriiche 1 bis 12, der ferner
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so ausgelegt ist, dass er eine Langzeitliberwachung
des pH-Werts vornimmt.

Revendications

Stimulateur cardiaque sans fil implantable compre-
nant un écran de surveillance de l'activité pour le
suivi d'une demande métabolique, ou le dispositif de
surveillance a au moins deux électrodes (101, 102)
qui sont constituées de matériaux biocompatibles
qui ont des sensibilités difféerentes a des change-
ments de pH, lesdites deux électrodes étant reliées
a une unité de surveillance de I'activité (105) qui est
adaptée pour déterminer périodiquement une diffé-
rence de potentiel de circuit ouvert entre lesdites
deux électrodes (101, 102) et pour générer un signal
d’activité dérivé de ladite différence de potentiel de
circuit ouvert, ledit stimulateur cardiaque sans fil im-
plantable ayant un boitier (100), lesdites deux élec-
trodes (101, 102) étant disposées sur ledit boitier
(100), et comprenant en outre une unité de contréle
(106) qui est reliée a ladite unité de surveillance de
l'activité (105) et qui est adaptée pour modifier la
fréquence de la stimulation en réponse audit signal
d’activité généré par ladite unité de surveillance de
I'activité (105),

caractérisé en ce que

'unité de surveillance de l'activité (105), ou l'unité
de contrdle (106), ou 'ensemble des deux, sont con-
figurées pour générer un signal d’activité indiquant
une augmentation de la fréquence de stimulation ou
une fréquence de stimulation qui augmente, respec-
tivement, uniquement lorsqu’une diminution soudai-
ne du pH est déterminée.

Stimulateur cardiaque sans fil implantable selon la
revendication 1, dans lequel I'une desdites deux
électrodes (101, 102) est constituée de ou comprend
un premier matériau biocompatible qui présente un
comportement nernstien ou super nernstien du pH,
et 'autre desdites deux électrodes est constituée de
ou comprend un second matériau biocompatible qui
est soit insensible au pH, soit présente un compor-
tement sub nernstien.

Stimulateur cardiaque sans fil implantable selon la
revendication 1 ou 2, dans lequel ledit premier ma-
tériau biocompatible qui présente un comportement
nernstien ou super nernstien est un matériau qui af-
fiche une variation de potentiel du circuit ouvert avec
une grande pente négative de moins de -50 mV/pH,
de préférence de moins de -60 mV/pH, et ou ledit
second matériau biocompatible, qui présente un
comportement sub nernstien, est un matériau qui
affiche une variation de potentiel du circuit ouvert
avec une plus petite pente négative de plus de -40
mV/pH, de préférence de plus de -30 mV/pH.
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Stimulateur cardiaque sans fil implantable selon au
moins I'une des revendications 1 a 3, dans lequel la
matériau sub nernstien est un revétement constitué
de ou comprenant du poly(3,4-
éthylénedioxythiophéne) : poly(styrénesulfonate).

Stimulateur cardiaque sans fil implantable selon au
moins l'une des revendications 1 a 4, dans lequel le
matériau super nernstien est un revétement consti-
tué de ou comprenant de 'oxyde d’iridium.

Stimulateur cardiaque sans fil implantable selon la
revendication 5, dans lequel le matériau super
nernstien est un revétement constitué de ou com-
prenant une composition non stoechiométrique
d’oxyde d’iridium, a savoir soit IrO(2 - x), soit IrO(2
+ X).

Stimulateur cardiaque sans fil implantable selon la
revendication 6, dans lequel le matériau super
nernstien est un revétement constitué de ou com-
prenant de I'lrO(1,5) en tant que composition non
stoechiométrique de I'oxyde d'iridium.

Stimulateur cardiaque sans fil implantable selon au
moins I'une des revendications 5 a 7, dans lequel le
revétement constitué de ou comprenant de I'oxyde
d’iridium est déposé sur la surface de I'électrode via
un dépbt physique réactif en phase vapeur (PVD).

Stimulateur cardiaque sans fil implantable selon la
revendication 1, dans lequel l'unité de surveillance
de l'activité (105), ou l'unité de contréle (106), ou
I’ensemble des deux, sont configurées pour déter-
miner ou pour répondre au signal d’activité unique-
ment au cours de la diastole.

Stimulateur cardiaque sans fil implantable selon au
moins I'une des revendications 1 ou 9, dans lequel
I'unité de surveillance de l'activité (105), ou l'unité
de contrble (106), ou 'ensemble des deux, sont con-
figurées pour évaluer le signal d’activité pour déter-
miner un contact avec une paroi cardiaque interne
et surveiller ainsi la contraction cardiaque au cours
de la systole.

Stimulateur cardiaque sans fil implantable selon au
moins l'une des revendications 1, 9 ou 10, compre-
nant en outre un circuit de détermination de I'impé-
dance et une troisieme électrode (111), ladite troi-
siéme électrode est constituée de ou comprend de
I'oxyde d’iridium et est reliée audit circuit de déter-
mination de I'impédance (112, 113), ou ledit circuit
de détermination de 'impédance (112, 113) est con-
figuré pour déterminer une capacitance électrode-
tissu ou des variations de celle-ci.

Stimulateur cardiaque sans fil implantable selon la
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revendication 11, dans lequel ladite troisieme élec-
trode (111) a une surface plus petite que lesdites
deux électrodes (101, 102).

Stimulateur cardiaque sans fil implantable selon au
moins I'une des revendications 1 a 12, étant en outre
configuré pour réaliser la surveillance du pH sur le
long terme.
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