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Description

BACKGROUND OF THE INVENTION

[0001] Pulmonary edema is often associated with
heart failure.
[0002] Ina healthy patient, the small alveoliin the lungs

are filled with air. Close to the alveoli is a thin interstitial
space, filled with interstitial fluid, which is different from
blood. For example, the interstitial fluid contain no red
blood cells. The interstitial space is also in close connec-
tion with capillaries filled with blood. Oxygen in the alveoli
is diffusing into the interstitial space and then into the
blood in the capillaries.

[0003] Developmentofpulmonary edema occurs grad-
ually. For example, pulmonary edema may be a conse-
quence of a heartfailure. When the heart acquires a heart
failure, the left arterial pressure and thereby the pressure
in the capillaries will increase during a first phase. In this
phase, no edema is present. In a second phase, the in-
terstitial space between the alveoli and the capillaries is
filled with more fluid, i.e., a swelling of the interstitial
space occurs. The volume of the interstitial space in-
creases with about two deciliters. In the following third,
exacerbated phase, when the left arterial pressure has
increased above 20, 25 mmHg, fluid enters the alveoli.
Fluid in the alveoli diminishes the degree of oxygenation
of the blood which weakens the heart and causes pe-
ripheral vasodilatation. The peripheral vasodilatation in-
creases venous return from the peripheral circulation,
which further increases the damming of blood in the al-
veoli, and thus, further diminishes the degree of oxygen-
ation of the blood. This course of events may eventually
lead to death of the patient. Pulmonary edema may de-
velop so rapidly that death can occur within 20 minutes
to an hour. Consequently, early detection of incipient
edema is critical.

[0004] Pulmonary edema may be detected by using
transthoracic impedance and through impedance meas-
ured between two implanted electrodes, covering one of
the lungs. Edema has also been detected by listening to
lung sounds.

[0005] Further, in US 6 332 091, detection of pulmo-
nary edema using infrared light is described. In a non-
invasive method, a lung is exposed to infrared light and
the reflected radiation scattered by the lung as a spectral
response to the presence of water in the lung is meas-
ured. The reflected radiation is compared with calibrated
values to evaluate an occurrence of pulmonary edema.
The non-invasive method disclosed in US 6 332 091 re-
quires the use of external equipment, consequently pul-
monary edema may only be detected in a patient at lo-
cations where such equipment is present.

[0006] InUS 7010 337, a sensor for measuring trans-
mission or reflection of light by the blood is described.
The sensor is placed adjacent the aorta of a patient to
evaluate the oxygen saturation of the blood passing in
the aorta. Detection of edema is not discussed in US 7
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010 337.

[0007] InUS 6409675, aimplantable monitor with one
or a plurality of sensors configured for extravascular
placement is described. The extravascular sensors in-
clude sensors for vascular plethysmography, heart and
lung sounds, thoracic impedance, and EKG. For exam-
ple, optical sensors adapted to determine arterial blood
oxygen and arteriolar volume, and sound sensors adapt-
ed to detect pulmonary edema are disclosed. As alter-
nate embodiments, detection of pulmonary edema utiliz-
ing thoracic impedance, ultrasound or analysis of
Cheyne-Stokes respiration are disclosed.

[0008] US 2003/0199956 A1 discloses cardiac output
measurement using dual oxygen sensors in left and right
ventricles. Oxygen sensors are placed in the vascular
system to determine oxygen saturation in venous and
atrial blood, respectively. Measurements are made at dif-
ferent workloads and from collected data haemoglobin
values and cardiac output is calculated.

[0009] Consequently, there remains a need within the
artfor animplantable medical system and a method using
such system that are capable of detecting the occurrence
of edema at an early stage, i.e. incipient edema.

BRIEF DESCRIPTION OF THE INVENTION

[0010] Thus, an object of the present invention is to
provide an implantable medical system, for detecting the
occurrence of incipient edema is detected.

[0011] Another objectof the presentinvention is to pro-
vide an implantable medical system for automatically de-
tecting the occurrence of incipient edema.

[0012] A further object of the present invention is to
provide an implantable medical system, for detecting in-
cipient edema at an early stage.

[0013] Theseand otherobjects of the presentinvention
are achieved by means of a medical system, having the
features defined in the independent claims. Preferable
embodiments of the invention are characterized by the
dependent claims.

[0014] According to an aspect of the present invention,
there is provided a medical system for detecting incipient
edema in a lung of a patient comprising an implantable
medical lead including at least one optical sensor com-
prising at least one light source adapted to emit light with
at least one predetermined wavelength at at least one
predetermined intensity and a light detector. The medical
system further comprises an edema detection circuit be-
ing adapted to: i) activate the at least one light source to
emit light, during at least one measurement session, at
the at least one predetermined wavelength and at the at
least one predetermined intensity, wherein the light is
directed into lung tissue of said patient; ii) obtain at least
one light intensity value corresponding to at least one
intensity of light received by the light detector and result-
ing from the light emitted during a measurement session;
and iii) evaluate the at least one light intensity value, in-
cluding compare said at least one light intensity value
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with at least one reference intensity value, to detect a
consistency with incipient edema.

[0015] There is provided an implantable medical lead
including at least one optical sensor comprising at least
one light source adapted to emit light with at least one
predetermined wavelength at at least one predetermined
intensity and a light detector. The implantable medical
lead is connectable to an implantable medical device and
to a edema detection circuit being adapted to: i) activate
the at least one light source to emit light, during at least
one measurement session, at the at least one predeter-
mined wavelength and at the at least one predetermined
intensity, wherein the light is directed into lung tissue of
the patient; ii) obtain at least one light intensity value cor-
responding to at least one intensity of light received by
the light detector and resulting from the light emitted dur-
ing a measurement session; and iii) evaluate the at least
one light intensity value, including compare the at least
one light intensity value with at least one reference in-
tensity value, to detect a consistency with incipient ede-
ma.

[0016] There is provided an implantable medical de-
vice, which is connectable to an implantable medical lead
including at least one optical sensor comprising at least
one light source adapted to emit light with at least one
predetermined wavelength at at least one predetermined
intensity and a light detector. The device comprises an
edema detection circuit being adapted to: i) activate the
at least one light source to emit light, during at least one
measurement session, at the at least one predetermined
wavelength and at the at least one predetermined inten-
sity, wherein the light is directed into lung tissue of the
patient; ii) obtain at least one light intensity value corre-
sponding to at least one intensity of light received by the
light detector and resulting from the light emitted during
a measurement session; and iii) evaluate the atleast one
light intensity value, including compare the at least one
light intensity value with at least one reference intensity
value, to detect a consistency with incipient edema.
[0017] Amethod, not partof the invention, for detecting
incipient edema in a lung of a patient is described using
a medical system comprising an implantable medical
lead including at least one optical sensor comprising at
least one light source adapted to emit light with at least
one predetermined wavelength at at least one predeter-
mined intensity and a light detector. The method com-
prises the steps of: i) activating the at least one light
source to emit light, during at least one measurement
session, at the at least one predetermined wavelength
and at the at least one predetermined intensity, wherein
the light is directed into lung tissue of the patient; ii) ob-
taining at least one light intensity value corresponding to
atleast one intensity of light received by the light detector
and resulting from the light emitted during a measure-
ment session; and iii) evaluating the at least one light
intensity value, including comparing the at least one light
intensity value with at least one reference intensity value,
to detect a consistency with incipient edema.
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[0018] There is provided a computer program product,
directly loadable into an internal memory of an implant-
able device, comprising software code portions for caus-
ing the implantable medical device to perform steps in
accordance with the method of above.

[0019] Edemais considered to be present at the stage
when blood enters the alveoli. However, it is important
to be able to detect developing edema atan earlier stage.
[0020] During the first phase of development of incip-
ient edema, the capillaries close to the alveoli are con-
gested and filled with more blood. The invention is based
on the insight that physical changes of the lung of a pa-
tient, i.e. volume changes of fluids present in the lung,
during the development of incipient edema will change
intensities of light with certain wavelengths received by
a light detector, wherein the light is emitted by a light
source and the detected light has passed a part of the
lung. In brief, there are three volume changes during the
development of incipient edema that may, depending on
the wavelength, change the intensity of the detected light:
i) the blood congestion in capillaries during the first phase
of development of incipient edema; ii) the swelling of the
interstitial space during the second phase of develop-
ment of incipient edema; and iii) the entry of fluids into
the alveoli as the pulmonary edema eventually develops
during the third, exacerbated phase. Wavelengths to be
used in accordance with the invention comprise substan-
tially all wavelengths which intensities are affected by
these changes of volumes of fluids present in the lung.
[0021] In order to obtain reliable optical measurement
of the change of the amount blood and other fluids in a
lung, the light used for the measurement should pass
into lung tissue, and not mainly being reflected against
the surface of the lung. This may, for example, be ac-
complished by separating the light source and receiver
apart. When the source and receiver are close, the ma-
jority of the light detected have been reflected against
blood cells and similar tissues. In a report from Stanford
University, Optical Measurement of blood oxygen by im-
plantable telemetry, by Joseph Michael Schmitt, Febru-
ary 1986, Technical Report No. G558-15, a small light
beam is entering a blood volume. Measurements of scat-
tered intensity distributions show that main part of the
amount of light is within one mm from the center of the
beam. This part of the scattered light should not be al-
lowed to reach the detector, which may be accomplished
by letting the distance between source and detector be
many times the distance used by Schmitt. The light en-
tering the blood will be reflected against objects (such as
blood cells) and be spread further away from the light
source. The scattering will change the direction of the
photons, which will spread in many directions. Therefore
photons will penetrate deeper into lung tissue and even-
tually hit the receiver placed close to the surface of the
lung. Along the path from source to detector not only
scattering may occur, but also, for example, attenuation
due to absorption. Both scattering and absorption may
increase with increasing degree of edema, and conse-
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quently, the light intensity received by the detector may
therefore mirror the amount of blood and fluid in the lung.
As an example, consistency with incipient edema may
be detected when the amount of light received is lower
than a predetermined value.

[0022] Thus, the presentinvention provides a number
of advantages, for example, an occurrence of an incipient
edemain a patient can be detected at an early stage and
the treatment of the incipient edema can thus be initiated
at an early stage. This is of high importance since it has
been shown that an early treatment is critical because
an edema may develop very rapidly and cause death of
the patient.

[0023] The edema detecting circuit is adapted to, dur-
ing the evaluation, obtain the at least one reference in-
tensity value; and compare the at least one light intensity
value with the at least one reference intensity value,
wherein the consistency with incipient edema is detected
when at least one of the at least one light intensity value
is below the at least one reference intensity value. Con-
sequently, it is possible to detect decreasing light inten-
sity values being consistent with incipient edema.
[0024] Accordingto an embodiment, the edema detec-
tion circuit is adapted to, upon receiving a signal from a
posture sensor adapted to sense at least one predeter-
mined posture of the patient that the patient is in the at
least one predetermined posture, initiate the at least one
measurement session. Consequently, it is possible to
limit measurements to detect incipient edema to situa-
tions where the patientis in a suitable posture for making
such measurements. Examples of suitable postures are
lying on the back, lying on the side or lying on the stom-
ach. Various reference values used during the measure-
ment session may also be calculated as a function of the
sensed posture. Measurements made with respect to the
patients posture allows higher accuracy and reliability of
the obtained values.

[0025] As an example, the edema detection circuit is
adapted to determine the at least one reference intensity
value as a function of the sensed at least one predeter-
mined posture.

[0026] Accordingto an embodiment, the edema detec-
tion circuit is adapted to, upon obtaining the at least one
light intensity value, activate a posture sensor adapted
to sense atleastone predetermined posture ofthe patient
to determine a posture of the patient; and obtain the at
least one reference intensity value being a function of
the determined posture. Consequently, itis also possible
to sense the posture and obtain a reference intensity val-
ue being a function the posture after obtaining a light
intensity value.

[0027] In a further embodiment, the edema detection
circuit is adapted to determine the at least one reference
intensity value as a function of a predetermined number
of the obtained at least one light intensity values from
previous measurement sessions. Consequently, a
change in the light intensity values over time may be de-
tected. Such change may be consistent with incipient
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edema.

[0028] Accordingtoanembodiment, the edema detec-
tion circuit is adapted to compare at least one activity
value obtained from an activity sensor adapted to sense
at least one activity value corresponding to an activity
level of the patient to a reference activity value and, when
apredetermined number of the atleastone activity values
are below the reference activity value, initiate the at least
one measurement session. Consequently, it is possible
to limits measurements to detect incipient edema to sit-
uations when the activity of the patient is sufficiently low.
A high activity of the patient may render measurements
to detect incipient edema in the patient uncertain, be-
cause the sensor of the implantable medical lead may
move relative the lung of the patient. Measurements
made with respect to the activity level of a patient allows
higher accuracy and reliability of the obtained values.
[0029] According to an embodiment, the sensor is
adapted to being arranged intrapericardially, epipericar-
dially or in a coronary vein in the patient such that the
light, upon activation of the at least one light source, is
directed into a lung of the patient. Parts of the intraperi-
cardial space, the epipericardial surface of the heart and
the coronary veins are adjacent to the lung and conse-
quently, detection of light which has passed a part of the
lung is enabled by the above-mentioned arrangements.
[0030] Accordingtoanembodiment, the edema detec-
tion circuit is adapted to activate alarm means adapted
to communicate an alarm at detection of incipient edema.
As an example, the alarm may comprise a vibration or a
beeping sound alerting the patient that a consistency with
incipient edema has been detected. Consequently, the
patient can be made aware of an incipient edema and
seek medical assistance. Alternatively, or as a comple-
ment, the alarm means may comprise a telemetry circuit
adapted to send information regarding the patients situ-
ationto an externaldevice. Consequently, as an alternate
or a complementary example, the alarm may comprise
sending a signal to an external device. For example, the
external device may be connected via a communication
network to a monitoring device, e.g. a PC, located at, for
example, a care institution. Examples of communication
networks are wireless LAN ("Local Area Network"), GSM
("Global System for Mobile communications"), UMTS
("Universal Mobile Telecommunications System") and
the internet. Sending an alarm to an external device con-
nected to a monitoring device may alert another person,
such as a physician, of the patients condition.

[0031] According to an embodiment, a lead length be-
tween the light source and the light detector is at least
about 1 cm, preferably 1-10 cm, more preferably 1-7 cm,
even more preferably 2-7 cm and most preferably 3-7
cm. Throughout the description and the claims, a lead
length refers to a length along the lead. When the im-
plantable medical lead is arranged in the body of a patient
so as to direct light emitted by the light source into a lung
of the patient, as a guiding appreciation not being limiting
to the invention in any way, the greater the distance be-
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tween the light source and the light detector, the greater
the depth of the average path of the light which is detected
by the light detector. In this context, depth refers to a
distance from the implanted lead in a direction into the
lung. Consequently, as an example, an appropriate lead
length between the light source and the light detector
may provide for that the light detected by the light detector
has taken a sufficiently deep path through the lung of the
patient to allow for a detection of an occurrence of incip-
ient edema.

[0032] According to an embodiment, the implantable
medical lead comprises rotation prevention means
adapted to prevent rotation of the implantable medical
lead relative a heart of the patient when implanted in the
patient. Consequently, the movements ofthe implantable
medical lead relative a lung of the patient may potentially
be essentially limited to the movements of the heart rel-
ative the lung of a patient. Thus rotation prevention
means may allow for more accurate and reliable meas-
urements.

[0033] As an example, the rotation prevention means
comprise at least one protrusion extending from an en-
velope surface of the lead.

[0034] Inoneexample, atleast one rotation prevention
means is arranged close to the light source and/or the
light detector. Consequently, there is provided for a pre-
vention of rotation of the part of the lead comprising the
sensor.

[0035] According to an embodiment, the implantable
medical lead comprises orientation revealing means
adapted to reveal an rotational orientation of the implant-
able medical lead during an implantation. The orientation
revealing means may assist a physician during an im-
plantation to orient the implantable medical lead such
that light emitted from the light source, when the implant-
able medical lead is implanted, is directed into a lung of
the patient. Further, the orientation revealing means may
assist a physician in verifying the position and orientation
of the implantable medical lead after it has been implant-
ed.

[0036] Asanexample, the orientation revealing means
is at least one marker being detectable by X-ray. The at
least one marker may, for example, be L-shaped. Fur-
ther, the marker may, for example, comprise iridium
and/or platinum. Iridium and platinum are advantageous
materials because they are bio-compatible.

[0037] Inone example, at least one orientation reveal-
ing means is arranged close to the light source and/or
the light detector. Such arrangement of the orientation
revealing means allows for an appropriate orientation of
the part of the lead comprising the sensor.

[0038] Accordingto an embodiment, the edema detec-
tion circuit is arranged in a implantable medical device
being connectable to the implantable medical lead and
comprising a pulse generator adapted to produce cardiac
stimulating pacing pulses. Consequently, it is possible to
integrate the edema detection circuit in a pacemaker.
[0039] As an example, the implantable medical device
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further comprises a control circuit adapted to control pace
pulse parameters, such as output voltage and pulse du-
ration.

[0040] As anexample, the implantable medical device
further comprises a memory circuit, which may include
a random access memory (RAM) and/or a non-volatile
memory such as a read-only memory (ROM). The mem-
ory circuit may be adapted to store, for example, obtained
light intensity values, predetermined reference values
and/or generated reference values.

[0041] According to an embodiment, the at least one
predetermined wavelength is in the range of 600-1400
nm, preferably 700-1000 nm, more preferably 760-860
nm and most preferably 800-820 nm. Penetration depth
into human tissue is greatest for light with wavelengths
in the red spectrum (625-760 nm) and the near infrared
spectrum (750-1400 nm). As an example, a particularly
preferable wavelength with regard to penetration of hu-
man tissue is 810 nm. Consequently, these wavelengths
are examples of appropriate wavelengths for optical
measurements of physical changes within the lung, such
as volume changes of fluids present in the lung.

[0042] According to an embodiment, the at least one
light source is adapted to emitlight with a first wavelength
at a first intensity and a second wavelength at a second
intensity and the edema detection circuit is adapted to:
i) activate the at least one light source to emit light, during
at least one measurement session, with the first wave-
length at the first intensity and the second wavelength at
the second intensity, wherein the light is directed into
lung tissue of the patient; i) obtain at least one first in-
tensity value corresponding to at least one intensity of
light with the first wavelength and at least one second
intensity value corresponding to at least one intensity of
light with the second wavelength, wherein the intensities
are received by the light detector and resulting from the
light emitted during a measurement session; and iij) eval-
uate the at least one first intensity value and the at least
one second intensity value, including compare the at
least one first intensity value and the at least one second
intensity value with the at least one reference intensity
value, to detect the consistency with incipient edema. By
using two separate wavelengths during the measure-
ments, it is possible reduce the number of false detec-
tions of occurrences of incipient edema caused by, for
example, body movements.

[0043] As an example, the first wavelength is a wave-
length being affected by changes of the volume of at least
one predetermined fluid presentin the lung, and the sec-
ond wavelength is a wavelength not being substantially
affected by changes of the volume of at least one prede-
termined fluid presentin the lung. Consequently, by com-
paring the intensities of light of the first and the second
wavelength, it may be verified that a change of the inten-
sity of light of the first wavelength was caused by incipient
edema and not, for example, body movements

[0044] As an example, the edema detecting circuit is
adapted to, during the evaluation, obtain the at least one
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reference value; and compare at least one quotient of
the at least one first intensity value and the at least one
second intensity value with the at least one reference
intensity value, wherein the consistency with incipient
edema is detected when at least one of the at least one
quotient is below the at least one reference intensity val-
ue.

[0045] Further objects and advantages of the present
invention will be discussed below by means of exempli-
fying embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] In the following detailed description, reference
will be made to the accompanying drawings, of which:

Fig. 1 schematically shows an embodiment of the
invention in the context of a pacemaker system im-
planted in the body of a patient;

Fig 2. schematically illustrates the configuration in-
cluding the primary components of an embodiment
of the present invention;

Fig 3. is a high level flow chart in accordance with
an embodiment of the present invention;

Fig 4. is another high level flow chart in accordance
with an embodiment of the present invention;

Fig 5. is another high level flow chart in accordance
with an embodiment of the present invention;

Fig 6. is another high level flow chart in accordance
with an embodiment of the present invention;

Fig 7. is another high level flow chart in accordance
with an embodiment of the present invention;

Fig 8. is another high level flow chart in accordance
with an embodiment of the present invention;

Fig. 9 schematically illustrates a cross-sectional view
of an embodiment of the sensor according to the
present invention; and

Fig. 10 schematically illustrates an embodiment of
animplantable medical lead according to the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0047] In the following, the present invention will be
discussed in the context of medical systems comprising
at least an implantable device such as a pacemaker or
an IDC and medical leads.

[0048] With reference to Fig. 1, there is shown a sche-
matic diagram of a medical system according to one em-

10

15

20

25

30

35

40

45

50

55

bodiment of the present invention. As seen, this embod-
iment of the present invention is shown in the context of
a pacemaker 2 implanted in a patient (not shown). The
pacemaker 2 comprises a housing being hermetically
sealed and biologically inert. Normally, the housing is
conductive and may, thus, serve as an electrode. One
or more pacemaker leads, where only two 6a, 6b are
shownin Fig. 1, are electrically coupled to the pacemaker
2 in a conventional manner. The leads 6a, 6b extend into
the heart 8. One or more conductive electrodes (not
shown) for receiving electrical cardiac signals and/or for
delivering electrical pacing to the heart 8 are arranged
near the distal ends of the leads 6a, 6b. In this embodi-
ment of the present invention, one lead 6a comprises a
light source 4 and one light detector 9. The lead 6a is
arranged in the intrapericardial space 3 of the heart 8 so
as to direct light emitted from the light source 4 into a
lung 1 of the patient. A certain amount of the light emitted
by the light source 4, depending on, for example, the
volumes of fluids present in the lung, is detected by the
light detector 9. In alternate embodiments, the lead 6a
may be arranged epipericardially or in a coronary vein.
In principal, the lead 6a may be arranged in any way
which allows light from the light source 4 to be directed
into the lung 1 and detected by the light detector 9.
[0049] With reference now to Fig. 2, the configuration
including the primary components of an embodiment of
the present invention will be described. The illustrated
embodiment comprises an implantable medical device
20, such as the pacemaker shown in Fig. 1, and leads
26a and 26b, of the same type as the leads 6a and 6b
shown in Fig. 1, for delivering signals between the heart
of the patient and the implantable medical device 20. The
leads 26a, 26b may be electrically coupled to the pace-
maker in a conventional manner. The leads 26a, 26b may
be unipolar or bipolar, and may include any of the passive
or active fixation means known in the art for fixation of
the lead to the cardiac tissue. As an example, the lead
distal tip (not shown) may include a tined tip or a fixation
helix. The leads 26a, 26b comprise one or more elec-
trodes (as described with reference to fig. 1), such as a
tip electrode or a ring electrode, arranged to, inter alia,
transmit pacing pulses for causing depolarization of car-
diac tissue adjacent to the electrode(-s) generated by a
pace pulse generator 25 under influence of a control cir-
cuit 27 comprising a microprocessor. The control circuit
27 controls, inter alia, pace pulse parameters such as
output voltage and pulse duration. Further, an optical
sensor 70, comprising the light source 4 adapted to emit
light with a predetermined wavelength at a predeter-
mined intensity and the light detector 9, which will be
discussed in more detail with reference to Fig. 9, ar-
ranged in, for example, the lead 26a, is adapted to detect
incipient edema in a lung 1 of a patient.

[0050] Furthermore, the optical sensor 70is connected
to an edema detection circuit 30. The edema detection
circuit is adapted to control a measurement session. In
the measurement session, the light source 4 is activated
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to emit light. When the lead 26a is properly implanted in
the patient, the light from the light source is emitted into
a lung of the patient, preferably the left lung. Part of the
light emitted by the light source 4 reaches the light de-
tector 9 after passing through a part of the lung, and,
during the measurement session, a light intensity value
corresponding to at least one intensity of light received
by the light detector 9 is obtained. Subsequently, the at
least one light intensity value obtained is evaluated to
detect a consistency with incipient edema. The evalua-
tion includes comparing the at least one light intensity
value with at least one reference intensity value. As an
example, a predetermined number of the at least one
lightintensity value being below the at least one reference
intensity value may be considered to be consistent with
incipient edema. Each value may be calculated as an
average value over a predetermined number of values
or of values obtained over a predetermined period of time
or as a weighted average value over a predetermined
number of values or of values obtained over a predeter-
mined period of time.

[0051] Theedemadetection circuit 30 may be connect-
ed to an activity sensor 60 adapted to sense at least one
activity value corresponding to an activity level of the pa-
tient. For example, the activity sensor may be an accel-
erometer. The accelerometer may be a piezoelectric sen-
sor of a conventional type. The edema detection circuit
may, for example, be adapted to compare the at least
one activity value to a reference activity value and, when
a predetermined number of the at least one activity value
is below the reference activity value and/or when light
intensity values obtained over a predetermined period of
time are below the reference activity value, initiate the
measurement session. Each light intensity value may be
calculated as an average light intensity value over a pre-
determined number of light intensity values or of light
intensity values obtained over a predetermined period of
time or as a weighted average light intensity value over
a predetermined number of light intensity values or of
light intensity values obtained over a predetermined pe-
riod of time.

[0052] The edema detection circuit 30 may be also
connected to a posture sensor 80 adapted to sense at
least one predetermined posture (P) of the patient. As
an example, the edema detection circuit may be adapted
to initiate posture sensing and, upon receiving a signal
from the posture sensor that the patient is in the at least
one predetermined posture, initiate the measurement
session described above. As an alternate example, the
edema detection circuit is adapted to, upon obtaining the
at least one light intensity value, initiate posture sensing
and obtain the reference intensity value being a function
of the determined posture.

[0053] Further, the edema detection circuit 30 may be
connected to alarm means 90 adapted to communicate
an alarm when a consistency of incipient edema is de-
tected by the edema detection circuit. The alarm means
may be adapted to cause the device to vibrate or to deliver
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a beeping sound in order to alert the patient of the situ-
ation. Alternatively, or as a complement, the alarms
means may be adapted to send information regarding
the patients situation to an external device via a telemetry
circuit. Forexample, the external device may be connect-
ed via a communication network to a monitoring device,
e.g. a PC, located at, for example, a care institution. Ex-
amples of communication networks are wireless LAN
("Local Area Network"), GSM ("Global System for Mobile
communications"), UMTS ("Universal Mobile Telecom-
munications System") and the internet. For a given com-
munication method, a multitude of standard and/or pro-
prietary communication protocols may be used. For ex-
ample, and without limitation, wireless (e.g. radio fre-
quency pulse coding, spread spectrum frequency hop-
ping, time-hopping, etc.) and other communication pro-
tocols (e.g. SMTP, FTP, TCP/IP) may be used. Other
proprietary methods and protocols may also be used.
The monitoring device may assist a physician in diag-
nosing the patient and deciding the appropriate actions,
for example whether the patient should be called in to a
clinic.

[0054] The patient status may be determined by means
of a reference value set including at least one reference
intensity values. Predefined reference values can be
stored in and obtained from an internal memory circuit
(not shown), which may include a random access mem-
ory (RAM) and/or a non-volatile memory such as a read-
only memory (ROM). As an example, the internal mem-
ory circuit may be an integral part of the control circuit 27
or the edema detection circuit 30. Alternatively, the pre-
defined reference values may be obtained from an ex-
ternal device via a telemetry circuit. As an alternate ex-
ample, the reference values may be created by the im-
plantable medical device by performing at least one ref-
erence measurement session during conditions found to
be stable, for example, with respect to physiological pa-
rameters such as body temperature, heart rate, posture,
activity and minute ventilation, and stored in the internal
memory circuit. The created reference values may be
stored in, and obtained from, the above-mentioned inter-
nal memory circuit. The reference value set may consti-
tute an indication of an initial patient status for use when
determining a development of incipient edema or a trend
of a certain parameter. In addition to reference intensity
values, examples of reference values comprise refer-
ence activity values. Each reference value may be cal-
culated as an average reference value over a predeter-
mined number of reference values or of reference values
obtained over a predetermined period of time or as a
weighted average reference value over a predetermined
number of reference values or of reference values ob-
tained over a predetermined period of time. Further, the
edema detection circuit 30 may be adapted to calculate
the reference intensity values and/or the reference ac-
tivity values as a function of the posture (P) sensed by
the posture sensor.

[0055] Turning now to Fig. 3, a high-level description
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of an embodiment of the invention for detecting incipient
edema in a lung of a patient, using a medical system
comprising an implantable medical lead including atleast
one optical sensor comprising at least one light source
adapted to emit light with at least one predetermined
wavelength at at least one predetermined intensity and
a light detector, is shown. At step 100, the light source
is activated to emit light at the predetermined wavelength
at the at least one predetermined intensity. The light is
emitted into the lung of the patient. In one embodiment,
the light source is activated at periodic intervals. In an-
other embodiment, the light source is activated when at
least one physical parameter, such as the activity and/or
posture of the patient, is appropriate. As an example, the
at least one physical parameter is measured at periodic
intervals and, when the at least one physical parameter
is found to be appropriate, the light source is activated.
[0056] At step 101, at least one light intensity value
corresponding to at least one intensity of light received
by the light detector and resulting from the light emitted
from the light source is obtained, wherein the light has
passed a part of the lung. As an example, the optical
sensor is arranged at the left side of the heart in such
manner that the light received by the light detector has
passed a part of the lung being close to the left side of
the heart, such as a part of the lung being within a dis-
tance of 3 cm of the intrapericardial space of the heart.
As an example, the at least one light intensity value may
correspond to at least one average of intensities of light
received over a predetermined number of intensities of
light received or of intensities of light received over a
predetermined period of time or as a weighted average
intensity of light received over a predetermined number
of intensities of light received or of intensities of light re-
ceived over a predetermined period of time. Further, each
light intensity value may be calculated as an average
light intensity value over a predetermined number of light
intensity values or of light intensity values obtained over
a predetermined period of time or as a weighted average
light intensity value over a predetermined number of light
intensity values or of light intensity values obtained over
a predetermined period of time.

[0057] Atstep 102, the at least one light intensity value
obtained in step 101 is evaluated to detect a consistency
with incipient edema. The evaluation may include com-
paring the at least one light intensity value with at least
onereference intensity value. The reference intensity val-
ue may be obtained from a memory circuit. As an exam-
ple, thereference intensity value may be a predetermined
value. As an alternate example, the reference intensity
value may be a function of at least one previously ob-
tained light intensity value as described above in the dis-
cussion about reference values. In another embodiment,
the reference intensity value is obtained from an external
device outside the human body via a telemetry circuit
adapted to receive reference intensity values. The refer-
ence intensity values received from the external device
may be set with respect to a physicians diagnosis of the
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patient or information in a patient register in a database.
Further, any reference intensity value obtained, inde-
pendent of its origin, may be calculated with respect to
physiological parameters such as body temperature,
heart rate, activity level, patient posture and/or minute
ventilation. The invention is based on the insight that the
light intensity values changes when incipient edema de-
velops because volumes of fluids present in the lung
changes. Consequently, a consistency with incipient
edema may be detected when a comparison of the at
least one light intensity value with the at least one refer-
ence value reveals a change. The type and magnitude
of change which is considered to be consistent with in-
cipient edema may vary with the wavelength of the light
because intensities of light with different wavelengths are
affected differently by the changes of volumes of different
fluids present in the lung. For example, a change which
is considered to be consistent with incipient edema may
correspond to a limit reference intensity value, wherein
one or more light intensity values below such limit refer-
ence intensity value are considered to be consistent with
incipient edema. Each of the one or more light intensity
values may be calculated as an average light intensity
value over a predetermined number of light intensity val-
ues or of light intensity values obtained over a predeter-
mined period of time or as a weighted average light in-
tensity value over a predetermined number of light inten-
sity values or of light intensity values obtained over a
predetermined period of time.

[0058] Referring now to Figure 4, a high-level descrip-
tion of another embodiment of the invention is shown. At
step 200, a posture of the patient is determined using a
posture sensor adapted to sense at least one predeter-
mined posture of the patient. If the sensed posture is
suitable, a measurement session comprising steps 201,
202, and 203 corresponding to steps 100, 101, and 102
described above, respectively, is initiated. For example,
a suitable posture of the patient may be a horizontal po-
sition, such as lying on the back, lying on the side or lying
on the stomach. If the posture sensing indicates that the
patient is not in a suitable position, step 200 is repeated,
for example, after a predetermined time or after a time
being a function of the sensed posture.

[0059] Referring now to Figure 5, a high level descrip-
tion of another embodiment of the invention is shown. At
step 300, a posture (P) of the patient is determined by a
posture sensor adapted to sense at least one predeter-
mined posture of the patient. The subsequent steps 301
and 302 corresponds to steps 100 and 101 described
above, respectively. At step 303, at least one reference
intensity value being a function of the posture (P) deter-
mined at step 300 is obtained. Each reference intensity
value being a function of P may, for example, be calcu-
lated as an average reference intensity value over a pre-
determined number of reference intensity values ob-
tained when the patient was in P or of values obtained
when the patient was in P over a predetermined period
oftime or as a weighted reference intensity average value
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over a predetermined number of reference intensity val-
ues obtained when the patient was in P or of reference
intensity values obtained when the patient was in P over
a predetermined period of time. Alternatively, or as a
complement, the reference intensity value may be
weighted with respect to P according to a predetermined
algorithm. At step 304, the at least one light intensity val-
ue obtained in step 302 is compared with the at least one
reference intensity value obtained in 303 to detect a con-
sistency with incipient edema. As described above with
reference to step 102, a consistency with incipientedema
may be detected when a comparison of the at least one
light intensity value with the at least one reference value
reveals a change. In one embodiment, the consistency
with incipient edema is detected when at least one of the
atleast one lightintensity values is below the at least one
reference intensity value.

[0060] Referring now to Figure 6, a high level descrip-
tion of another embodiment of the invention is shown. At
step 400, an activity of the patient is determined using a
activity sensor adapted to sense at least one activity val-
ue corresponding to an activity level of the patient. If the
at least one activity value is sufficiently low, a measure-
ment session comprising steps 401, 402 and 403 corre-
sponding to steps 100, 101, and 102 described above,
respectively, is initiated. To determine if the at least one
activity value is sufficiently low, the at least one activity
value may be compared with a reference intensity value.
As an example, the measurement session may be initi-
ated if a predetermined number of the at least one activity
values are below the reference activity value. The refer-
ence activity value may be obtained from a memory cir-
cuit. As an example, the reference activity value may be
a predetermined value. As an alternate example, the ref-
erence activity value may be a function of at least one
previously obtained light activity value as described
above in the discussion about reference values. If the
determined activity is found not to be sufficiently low, step
400 is repeated, for example, after a predetermined time
or after a time being a function of a sensed posture. As
an example, if posture sensing has indicated that the
patient is in a horizontal position, such as lying on the
back, lying on the side or lying on the stomach, step 400
may be repeated with a shorter interval than if posture
sensing has indicated that the patient is in an standing
position.

[0061] Referring now to Figure 7, a high level descrip-
tion of another embodiment of the invention is shown.
Steps 500 and 501 corresponds to the steps 100 and
101 described above, respectively. At step 502, the at
least one lightintensity value obtained in step 501 is eval-
uated to detect a consistency with incipient edema. The
evaluation in 502 corresponds to the evaluation in step
102 described above. If a consistency with incipient ede-
ma is not detected at step 502, a measurement session
comprising the steps 500, 501 and 502 are repeated, for
example, after a predetermined time or after a time being
a function of the at least one light intensity value obtained
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in step 501. As an example, if the evaluation in step 502
reveals that the obtained at least one light intensity value
is close to values being considered to be consistent with
incipient edema, the measurement session may be re-
peated with a shorter interval than if the obtained at least
one light intensity value were far from values being con-
sidered to be consistent with incipient edema. If a con-
sistency with incipient edema is detected at step 502,
alarm means adapted to communicate an alarm is acti-
vated at step 503. As an example, the alarm may be a
vibration or a beeping sound alerting the patient that in-
cipient edema is present. Alternatively, or as a comple-
ment, the alarm may comprise sending information re-
garding the patients situation to an external device via a
telemetry circuit. The external device may be connected
via a communication network to a monitoring device as
described above.

[0062] Referring now to Figure 8, a high level descrip-
tion of another embodiment of the invention is shown. At
step 600, an activity of the patient is determined. Step
600 corresponds to step 400 described above. If the de-
termined activity is sufficiently low, a posture (P) of the
patient is determined at step 601. Step 601 corresponds
to step 300 described above. The subsequent steps of
activating a light source to emit light 602, obtaining at
least one light intensity value 603 and obtaining at least
one reference value being a function of P 604 corre-
sponds to the steps 301, 302 and 303 described above,
respectively. At step 605, the at least one light intensity
values obtained in step 603 is compared to the at least
one reference light intensity value obtained in step 604
to detect a consistency with incipient edema. The com-
parison of step 605 corresponds to that of step 304 de-
scribed above. If a consistency with incipient edema is
not detected in step 605, a measurements session com-
prising the steps 600-605 is repeated, for example after
a predetermined time or after a time being a function of
one or more physical parameters, such as the posture
(P) determined in step 601 or the at least one light inten-
sity value obtained in step 604. As an example, if posture
sensing has indicated that the patient is in a horizontal
position, such as lying on the back, lying on the side or
lying on the stomach, the measurement session may be
repeated with a shorter interval than if posture sensing
has indicated that the patient is in an standing position.
Alternatively, or as a complement, if the comparison in
step 605 reveals that the obtained at least one light in-
tensity value were close to values being considered to
be consistent with incipient edema, the measurement
session may be repeated with a shorter interval than if
the obtained at least one light intensity value were far
from values being considered to be consistent with incip-
ient edema. If a consistency with incipient edema is de-
tected at step 605, alarm means adapted to communicate
an alarm is activated at step 606. The step 606 corre-
sponds to step 503 described above.

[0063] Turning now to Fig. 9, a cross-sectional view of
an optical sensor 70 for use in accordance with the in-
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vention is shown. This example embodiment of the sen-
sor 70 is arranged in a implantable medical lead. The
optical sensor comprises a light source 74 adapted to
emit light with at least one predetermined wavelength at
at least one predetermined intensity. As an example, the
light source 74 may be an light-emitting diode. For ex-
ample, the light-emitting diode may be emitting light in
therange of 600-1400 nm, preferably 700-1000 nm, more
preferably 760-860 nm and most preferably 800-820 nm.
For example, the light source may be an infrared diode
emitting light of about 810 nm. The optical sensor further
comprises a light detector 79 adapted to detect light emit-
ted by the light source 74. As an example, the light de-
tector may be a photodiode. The light source 74 and the
light detector 79, respectively, are electrically connected
to an edema detection circuit (not shown), which connec-
tions are adapted to transmit signals from the edema
detection signals to the light source and from the light
detector to the edema detection circuit. The edema de-
tection circuitmay be arranged in the implantable medical
lead or, alternatively, in aimplantable medical device be-
ing connected to the implantable medical lead.

[0064] Referring now to Figure 10, a implantable med-
ical lead 106a for use in accordance with the invention
is shown. The implantable medical lead comprises an
optical sensor comprising a light source 104 and a light
detector 109 corresponding to the light source 74 and
light detector 79 described above, respectively. When
the implantable medical lead is arranged in the body of
a patient so as to direct light emitted by the light source
into a lung of the patient, as a guiding appreciation not
being limiting to the invention in any way, the greater the
distance between the light source 74 and the light detec-
tor 79, the greater the depth of the average path of the
light which is detected by the detector. In this context,
depth refers to a distance from the implanted lead in a
direction into the lung. Thus, the lead length between the
light source 74 and the light detector 79 may be any lead
length providing for a sufficient depth for detecting incip-
ient edema according to the invention. As an example,
a lead length between the light source and the light de-
tector is at least about 1 cm, preferably 1-7 cm, more
preferably 2-7 cm, most preferably 3-7 cm. A cross-sec-
tion of the implantable lead 106a may have any appro-
priate geometrical shape. As an example, for intraperi-
cardial arrangement, the shape of the cross-section of
the implantable medical lead 106a may be essentially
flat or essentially oval. As another example, for arrange-
ment in a coronary vein, the shape of the cross-section
of the implantable medical lead 106a may be essentially
circular.

[0065] Theimplantable medicallead 106a further com-
prises orientation revealing means 110 adapted toreveal
an rotational orientation of the implantable medical lead
during 106a an implantation. The orientation revealing
means 110 may assist a physician during an implantation
to orient the implantable medical lead 106a such that
light emitted from the light source 104 is directed into a
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lung of the patient when the implantable medical lead
106a isimplanted. As an example, the orientation reveal-
ing means is at least one marker being detectable by X-
ray. The at least one marker may, for example, be L-
shaped. Further, the at least one marker may, for exam-
ple, comprise iridium and/or platinum. As an example,
orientation revealing means 110 is arranged close to the
light source 104 and/or the light detector 109, such as
within a lead length of 5 cm of the light source 104 and/or
light detector 109, such as within a lead length of 4 cm
of the light source 104 and/or light detector 109, such as
within a lead length of 3 cm of the light source 104 and/or
light detector 109, such as within a lead length of 2 cm
of the light source 104 and/or light detector 109, such as
within a lead length of 1 cm of the light source 104 and/or
light detector 109.

[0066] The implantable medical lead 106a comprises
rotation prevention means 120 adapted to prevent rota-
tion of the implantable medical lead 106a relative a heart
of the patient when implanted in the patient. As an ex-
ample, the rotation prevention means 120 may comprise
at least one protrusion extending from an envelope sur-
face of the implantable medical lead 106a. For example,
at least one pair of protrusions may extend from the im-
plantable medical lead 106a in opposite directions such
that the pair form a plane. As an example, at least one
rotation prevention means 120 is arranged close to the
light source 104 and/or the light detector 109, such as
within a lead length of 5 cm of the light source 104 and/or
light detector 109, such as within a lead length of 4 cm
of the light source 104 and/or light detector 109, such as
within a lead length of 3 cm of the light source 104 and/or
light detector 109, such as within a lead length of 2 cm
of the light source 104 and/or light detector 109, such as
within a lead length of 1 cm of the light source 104 and/or
light detector 109.

[0067] While the invention disclosed herein has been
described by means of specific embodiments and appli-
cations thereof, numerous modifications and variations
could be made therein by those skilled in the art without
departing for the invention, which is defined by the ap-
pended claims.

Claims
1. A medical system comprising:

an implantable medical lead (6a, 26a, 106a) in-
cluding at least one optical sensor (70) compris-
ing at least one light source (4, 104) adapted to
emit light with at least one predetermined wave-
length at at least one predetermined intensity
and a light detector (9, 109),

animplantable medical device (2, 20) being con-
nectable to said implantable medical lead (6a,
26a, 106a) and comprising:
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a pulse generator (25) adapted to produce
cardiac stimulating pacing pulses, and

an edema detection circuit (30) adapted to
activate said at least one light source (4,
104) to emit light, during at least one meas-
urement session, at said at least one pre-
determined wavelength and at said at least
one predetermined intensity, wherein

said edema detection circuit (30) is adapted to
obtain at least one light intensity value corre-
sponding to at least one intensity of light re-
ceived by said light detector (9, 109) and result-
ing from said light emitted during a measure-
ment session, characterized in that

said medical system is a medical system for de-
tecting incipient edema in a lung (1) of a patient,
said light emitted by said atleast one light source
(4, 104) is directed into lung tissue (1) of said
patient,

said edema detection circuit (30) is adapted to
evaluate said at least one light intensity value
by comparing said at least one light intensity val-
ue with at least one reference intensity value,
and

said edema detection circuit (30) is adapted to
detecta consistency with incipientedemain said
lung tissue (1) when at least one of said at least
one light intensity value is below said at least
one reference intensity value.

The medical system according to claim 1, further
comprising a posture sensor (80) adapted to sense
at least one predetermined posture of said patient,
wherein said edema detection circuit (30) is adapted
to, upon receiving a signal from said posture sensor
(80) that said patient is in said at least one predeter-
mined posture, initiate said at least one measure-
ment session.

The medical system according to claim 1, further
comprising a posture sensor (80) adapted to sense
at least one predetermined posture of said patient,
wherein

said edema detection circuit (30) is adapted to, upon
obtaining said at least one light intensity value, initi-
ate posture sensing to determine a posture of said
patient; and

said edema detection circuit (30) is adapted to obtain
said at least one reference intensity value being a
function of said determined posture.

The medical system according to claim 2, wherein
said edema detection circuit (30) is adapted to de-
termine said at least one reference intensity value
as a function of said sensed at least one predeter-
mined posture.
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5.

10.

The medical system according to any one of preced-
ing claims, wherein said edema detection circuit (30)
is adapted to determine said at least one reference
intensity value as a function of a predetermined
number of said obtained at least one light intensity
values from previous measurement sessions.

The medical system according to any one of preced-
ing claims, further comprising an activity sensor (60)
adapted to sense at least one activity value corre-
sponding to an activity level of said patient, wherein
said edema detection circuit (30) is adapted to com-
pare said at least one activity value to a reference
activity value and

said edema detection circuit (30) is adapted to, when
a predetermined number of said at least one activity
values are below said reference activity value, initi-
ate said at least one measurement session.

The medical system according to any one of preced-
ing claims, wherein said optical sensor (70) is adapt-
ed to being arranged intrapericardially, epipericar-
dially or in a coronary vein in said patient such that
said light, upon activation of said at least one light
source (4, 104), is directed into lung tissue (1) of said
patient.

The medical system according to any one of preced-
ing claims, wherein a lead length between said light
source (4, 104) and said light detector (9, 109) is 1-7
cm.

The medical system according to any one of preced-
ing claims, wherein said implantable medical lead
(6a, 26a, 106a) comprises rotation prevention
means (120) adapted to prevent rotation of said im-
plantable medical lead (6a, 26a, 106a) relative a
heart (u) of said patient when implanted in said pa-
tient.

The medical system according to any one of preced-
ing claims, wherein said implantable medical lead
(6a, 26a, 106a) comprises orientation revealing
means (109) adapted to reveal an rotational orien-
tation of said implantable medical lead (6a, 26a,
106a) during an implantation.

Patentanspriiche

1.

Medizinisches System, umfassend:

eine implantierbare medizinische Leitung (6a,
26a, 106a), die mindestens einen optischen
Sensor (70) aufweist, der mindestens eine Licht-
quelle (4, 104) umfasst, die so ausgelegt ist,
dass sie Licht mit mindestens einer vorher fest-
gelegten Wellenlédnge bei mindestens einer vor-
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her festgelegten Intensitat aussendet, und einen
Lichtempfanger (9, 109),

ein implantierbares Medizinprodukt (2, 20), das
an die implantierbare medizinische Leitung (6a,
26a, 106a) anschlieBbar ist und umfasst:

einen Impulsgenerator (25), der so ausge-
legtist, dass er Herzstimulationserregungs-
impulse erzeugt, und

eine Odem-Nachweisschaltung (30), die so
ausgelegt ist, dass sie die mindestens eine
Lichtquelle (4, 104) aktiviert, damit sie Licht
wahrend mindestens einer Messreihe bei
der mindestens einen vorher festgelegten
Wellenlange und bei der mindestens einer
vorher festgelegten Intensitdt aussendet,
wobei

die Odem-Nachweisschaltung (30) so ausge-
legt ist, dass sie mindestens einen Lichtintensi-
tatswert erhalt, der mindestens einer Intensitat
von Licht entspricht, das von dem Lichtempfan-
ger (9, 109) empfangen wird, und von dem Licht
herriihrt, das wahrend einer Messreihe ausge-
sendet wird, dadurch gekennzeichnet, dass

das medizinische System ein medizinisches
System zum Nachweis von beginnendem Odem
in einer Lunge (1) eines Patienten ist,

das von der mindestens einen Lichtquelle (4,
104) ausgesendete Licht in Lungengewebe (1)
des Patienten geleitet wird,

die Odem-Nachweisschaltung (30) so ausge-
legt ist, dass sie den mindestens einen Lichtin-
tensitdtswert durch Vergleichen des mindes-
tens einen Lichtintensitdtswerts mit mindestens
einem Bezugsintensitatswert beurteilt, und

die Odem-Nachweisschaltung (30) so ausge-
legt ist, dass sie eine Ubereinstimmung mit be-
ginnendem Odem in dem Lungengewebe (1)
feststellt, wenn mindestens einer von dem min-
destens einen Lichtintensitatswert unter dem
mindestens einen Bezugsintensitatswert liegt.

Medizinisches System nach Anspruch 1, ferner um-
fassend einen Haltungssensor (80), der so ausge-
legt ist, dass er mindestens eine vorher festgelegte
Haltung des Patienten erfasst, wobei die Odem-
Nachweisschaltung (30) so ausgelegt ist, dass sie
beim Empfangen eines Signals von dem Haltungs-
sensor (80), dass sich der Patient in der mindestens
einen vorher festgelegten Haltung befindet, die min-
destens eine Messreihe startet.

Medizinisches System nach Anspruch 1, ferner um-
fassend einen Haltungssensor (80), der so ausge-
legt ist, dass er mindestens eine vorher festgelegte
Haltung des Patienten erfasst, wobei

die Odem-Nachweisschaltung (30) so ausgelegt ist,
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dass sie beim Erhalten des mindestens einen
Lichtintensitatswerts mit der Haltungserfassung be-
ginnt, damit eine Haltung des Patienten ermittelt
wird; und

die Odem-Nachweisschaltung (30) so ausgelegt ist,
dass sie den mindestens einen Bezugsintensitats-
wert erhalt, der von der ermittelten Haltung abhangt.

Medizinisches System nach Anspruch 2, wobei die
Odem-Nachweisschaltung (30) so ausgelegt ist,
dass sie den mindestens einen Bezugsintensitéats-
wert in Abhangigkeit von der erfassten mindestens
einen vorher festgelegten Haltung ermittelt.

Medizinisches System nach einem der vorherge-
henden Anspriiche, wobei die Odem-Nachweis-
schaltung (30) so ausgelegt ist, dass sie den min-
destens einen Bezugsintensitdtswert in Abhangig-
keit von einer vorher festgelegten Anzahl von dem
erhaltenen mindestens einen Lichtintensitatswert
aus friiheren Messreihen ermittelt.

Medizinisches System nach einem der vorherge-
henden Anspriiche, ferner umfassend einen Aktivi-
tatssensor (60), der so ausgelegt ist, dass er min-
destens einen Aktivitatswert erfasst, der einem Ak-
tivitdtsgrad des Patienten entspricht, wobei

die Odem-Nachweisschaltung (30) so ausgelegt ist,
dass sie den mindestens einen Aktivitatswert mit ei-
nem Bezugsaktivitatswert vergleicht und

die Odem-Nachweisschaltung (30) so ausgelegt ist,
dass sie, wenn eine vorher festgelegte Anzahl des
mindestens einen Aktivitatswerts unter dem Bezugs-
aktivitatswert liegt, die mindestens eine Messreihe
startet.

Medizinisches System nach einem der vorherge-
henden Anspriiche, wobei der optische Sensor (70)
so ausgelegt ist, dass er intraperikardial, epiperikar-
dial oder in einer Koronarvene in dem Patienten an-
geordnet wird, sodass das Licht, beim Aktivieren der
mindestens einen Lichtquelle (4, 104), in Lungenge-
webe (1) des Patienten geleitet wird.

Medizinisches System nach einem der vorherge-
henden Anspriiche, wobei eine Leitungslange zwi-
schen der Lichtquelle (4, 104) und dem Lichtemp-
fanger (9, 109) 1 bis 7 cm betragt.

Medizinisches System nach einem der vorherge-
henden Anspriiche, wobei die implantierbare medi-
zinische Leitung (6a, 26a, 106a) Drehsicherungsmit-
tel (120) umfasst, die so ausgelegt sind, dass sie die
Drehung der implantierbaren medizinischen Leitung
(6a, 26a, 106a) bezogen auf ein Herz (u) des Pati-
enten verhindern, wenn sie in den Patienten implan-
tiert ist.
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10. Medizinisches System nach einem der vorherge-

henden Anspriiche, wobei die implantierbare medi-
zinische Leitung (6a, 26a, 106a) ausrichtungsanzei-
gende Mittel (109) umfasst, die so ausgelegt sind,
dass sie eine Drehausrichtung der implantierbaren
medizinischen Leitung (6a, 26a, 106a) wahrend ei-
ner Implantation anzeigen.

Revendications

Systeme médical comprenant :

une dérivation médicale implantable (6a, 26a,
106a) comportant au moins un capteur optique
(70) comprenant au moins une source de lumie-
re (4, 104), adaptée pour émettre de la lumiere
avec au moins une longueur d’'onde prédéter-
minée a au moins une intensité prédéterminée,
et un détecteur de lumiére (9, 109),

un dispositif médical implantable (2, 20) qui peut
étre raccordé a ladite dérivation médicale im-
plantable (6a, 26a, 106a) et comprenant :

un générateur d’impulsions (25) adapté
pour générer des impulsions régulatrices de
stimulation cardiaque, et

un circuit de détection d’'oedeme (30) adap-
té pour activer ladite au moins une source
de lumiere (4, 104) afin qu’elle émette de la
lumiére, pendant au moins une séance de
mesure, a ladite au moins une longueur
d’'onde prédéterminée et a ladite au moins
une intensité prédéterminée, dans lequel

ledit circuit de détection d’'oedéme (30) est adap-
té pour obtenir au moins une valeur d’intensité
lumineuse correspondant a au moins une inten-
sité de lumiere regue par ledit détecteur de lu-
miére (9, 109) et résultant de ladite lumiere émi-
se pendant une séance de mesure, caractérisé
en ce que

ledit systeme médical est un systéeme médical
destiné a détecter un oedéme incipiens dans un
poumon (1) d'un patient,

ladite lumiére émise par ladite au moins une
source de lumiére (4, 104) est dirigée dans du
tissu pulmonaire (1) dudit patient,

ledit circuit de détection d’'oedéme (30) estadap-
té pour évaluer ladite au moins une valeur d’in-
tensité lumineuse en comparant ladite au moins
une valeur d’intensité lumineuse avec au moins
une valeur d’intensité de référence, et

ledit circuit de détection d’'oedéme (30) est adap-
té pour détecter une cohérence avec unoedéeme
incipiens dans ledit tissu pulmonaire (1) quand
au moins l'une de ladite au moins une valeur
d’intensité lumineuse est inférieure a ladite au
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moins une valeur d’intensité de référence.

Systéme médical selon la revendication 1, compre-
nanten outre un capteur de posture (80) adapté pour
détecter au moins une posture prédéterminée dudit
patient, ledit circuit de détection d’oedéme (30) étant
adapté pour, lors de la réception d’un signal dudit
capteur de posture (80) selon lequel ledit patient est
dans ladite au moins une posture prédéterminée,
lancer ladite au moins une séance de mesure.

Systéme médical selon la revendication 1, compre-
nanten outre un capteur de posture (80) adapté pour
détecter au moins une posture prédéterminée dudit
patient, dans lequel

ledit circuit de détection d’'oedéme (30) est adapté
pour, lors de I'obtention de ladite au moins une valeur
d’intensité lumineuse, lancer une détection de pos-
ture pour déterminer une posture dudit patient ; et
ledit circuit de détection d’'oedéme (30) est adapté
pour obtenir ladite au moins une valeur d’intensité
de référence qui est une fonction de ladite posture
déterminée.

Systéme médical selon la revendication 2, dans le-
quel ledit circuit de détection d’'oedeme (30) est
adapté pour déterminer ladite au moins une valeur
d’intensité de référence en tant que fonction de ladite
au moins une posture prédéterminée détectée.

Systéme médical selon 'une quelconque des reven-
dications précédentes, dans lequel ledit circuit de
détection d’'oedéme (30) est adapté pour déterminer
ladite au moins une valeur d’intensité de référence
en tant que fonction d’'un nombre prédéterminé des-
dites au moins une valeurs d’intensité lumineuse ob-
tenues a partir de séances précédentes de mesure.

Systéme médical selon 'une quelconque des reven-
dications précédentes, comprenant en outre un cap-
teur d’activité (60) adapté pour détecter au moins
une valeur d’activité correspondanta un niveau d’ac-
tivité dudit patient, dans lequel

ledit circuit de détection d’'oedéme (30) est adapté
pour comparer ladite au moins une valeur d’activité
a une valeur d’activité de référence et

ledit circuit de détection d’'oedéme (30) est adapté
pour, quand un nombre prédéterminé desdites au
moins une valeurs d’activité est inférieur a ladite va-
leur d’activité de référence, lancer ladite au moins
une séance de mesure.

Systéme médical selon 'une quelconque des reven-
dications précédentes, dans lequel ledit capteur op-
tique (70) est adapté pour étre agencé de maniere
intrapéricardique, épipéricardique ou dans une vei-
ne coronaire dans ledit patient de telle maniére que
ladite lumiére, lors de I'activation de ladite au moins
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une source de lumiére (4, 104) est dirigée dans du
tissu pulmonaire (1) dudit patient.

Systeme médical selon 'une quelconque des reven-
dications précédentes, dans lequel une longueur de
dérivation entre ladite source lumineuse (4, 104) et
ledit détecteur de lumiére (9, 109) estde 1 a7 cm.

Systeme médical selon 'une quelconque des reven-
dications précédentes, dans lequel ladite dérivation
médicale implantable (6a, 26a, 106a) comprend des
moyens de prévention de rotation (120) adaptés
pour prévenir larotation de ladite dérivation médicale
implantable (6a, 26a, 106a) par rapport a un coeur
(u) dudit patient quand elle est implantée dans ledit
patient.

Systeme médical selon 'une quelconque des reven-
dications précédentes, dans lequel ladite dérivation
médicale implantable (6a, 26a, 106a) comprend des
moyens d’indication de I'orientation (109) adaptés
pour indiquer une orientation de rotation de ladite
dérivation médicale implantable (6a, 26a, 106a) pen-
dant une implantation.
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