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(57) Abstract: Implantable medical device comprising an optical oxygen sensor adapted to measure the level of oxygen in oxyg-
enized blood, and to generate an oxygen measurement signal in dependence of the level of oxygen. The oxygen sensor is adapted
to perform measurements inside the heart, of blood entering the left atrium of a patient's heart. The obtained oxygen measurement
signal is compared to a predetermined threshold level and an indication signal is generated in dependence of the comparison, and
that the indication signal is indicative of the lung functionality of the patient.



Title

Implantable medical device

Field of the invention

The present invention relates to a device according to the preamble of the independent

claim.

Background of the invention

Insufficiency of the lungs, like in Chronic Obstructive Pulmonary Disease (COPD),

pulmonary oedema due to Heart Failure, asthma, chronic bronchitis, emphysema and

interstitial lung diseases have high prevalence adding extensive costs to the health care

system and suffering for the patients. Therefore, it is a general fact that enhanced

management of these patients would be useful.

In the following a number of publications are briefly discussed providing relevant

background information in the field of diagnostic methods and apparatuses for detecting

insufficiencies of the lungs.

US 2003/0149367 relates to a system and method for evaluating risk of mortality due to

congestive heart failure using physiological sensors. The method includes that arterial

oxygen saturation is measured. Electrodes may be place in the left atrium for atrial pacing.

It is mentioned that a combined pacemaker lead and physiological sensor can be used.

EP-1 102198 relates to an automated collection and analysis patient care system and

method for diagnosing and monitoring respiratory insufficiency and outcomes thereof.

The system includes an implantable device for measuring the arterial oxygen saturation.

EP-1 151718 relates to an apparatus for monitoring heart failure via respiratory patterns.

An implantable device is adapted to measure the arterial oxygen saturation in order to

detect changes in the breathing pattern.



US-7,010,337 discloses method and apparatus for monitoring blood condition and

cardiopulmonary function, where sensors located on a sensor carrier are placed adjacent

one or more of a surgical patient's major thoracic blood-containing structures such as the

aorta or pulmonary artery, and characteristics of the blood in the blood-containing

structures are determined non-invasively by measuring transmission or reflection of light

or other types of energy by the blood.

The inventors have realized that further improvements of today's technology are needed in

order to meet the increasing demands of devices that enable accurate and reliable detection

of lung insufficiencies .

Therefore, the object of the present invention is to achieve a device that has improved

capabilities regarding detection and monitoring of a patient's lung function, which may be

related to Chronic Obstructive Pulmonary Disease (COPD), pulmonary oedema due to

Heart Failure, asthma, chronic bronchitis, emphysema and interstitial lung diseases.

Summary of the invention

The above-mentioned object is achieved by the present invention according to the

independent claim.

Preferred embodiments are set forth in the dependent claims.

According to the present invention the degree of oxygen saturation of the blood

oxygenized by the lungs, is monitored by the means of an optical blood oxygen saturation

sensor.

In particular the oxygen saturation measurement is performed when specified

measurement criteria is fulfilled.

According to one embodiment the sensor is to be placed in or at the left atrium, which

directly receives the oxygenized blood from the lungs. A preferred placement of the sensor

will be in the septum wall between the right and left atria.



An alternative placement is at the endocardium of the left atrium in order to minimise the

risk of forming thrombosis.

According to another embodiment the oxygen sensor is mechanically integrated or co-

assembled with a pressure sensor.

The sensor is connected to an implantable medical device (IMD). The device is provided

with measuring means enabled to measure the blood oxygen saturation by the oxygen

sensor at suitable points in time. At a time, when the patient carrying this IMD, is at rest or

asleep, the interference from other sources, that might disturb the sensor measurements,

preferably is at a minimum. This is often the best choice of time to perform these

measurements. The blood leaving the lungs has normally a high SaO2 value even during

high patient workload.

In case a lung problem evolves, which causes inadequate oxygenization, this will be

measured by the sensor. SaO2 data will be stored and time marked in the IMD and

analyzed. The stored data shall be used for diagnostic purposes and by the algorithm

which will detect when the SaO2 values are below a certain limit for more than a certain

period of time and at conditions which are recognized to give reliable sensor data. Normal

patient activity will be recognized by data from an auxiliary sensor, such as an activity

sensor. The SaO data should normally only be accepted when the activity sensor data

indicate a patient at rest. In order to get reliable sensor data they shall be sampled at

several times during this period of inactivity and the data shall be at about the same

amplitude.

Disturbing influences, such as flying at a high altitude, may result in wrong interpretation

of the status of the patient. Other auxiliary sensors, such as accelerometers and posture

sensors, are then useful for being able to distinguish flying at high altitude from having

impaired oxygenisation in the lungs, e.g. by not performing blood oxygen saturation

measurements if auxiliary sensors indicate that the patient is flying at a high altitude.



The present invention may also be used for detecting when a patient no longer may

saturate the blood during exercise. This may be used for diagnostic purposes to show the

physician at which work load this desaturation starts.

The usage of an SaO sensor in the left atrium, may also be used together with saturation

sensors in other parts of the heart or body of the patient. In many cases those algorithms

using blood saturation sensors anticipate full saturation of the blood leaving the lungs. An

example of that would be in a pacemaker provided with a rate responsive function based

on the oxygen saturation in the right ventricle.

The SaO2 value may also be used for detecting impaired oxygenization in the lungs caused

by pulmonary oedema. The SaO sensor may not differentiate pulmonary oedema from

other lung diseases, but using impedance measurements internally over parts of thorax

may indicate that such a condition is at hand.

SaO2-values may be transferred to e.g. databases and physicians using conventional

telemetry communication and further on via internet on regular or planned occasions as

well as when SaO alarm limits have been passed.

Short description of the appended drawings

Figure 1 is a schematic block diagram illustrating the present invention.

Figure 2 is a schematic block diagram illustrating one embodiment of the present

invention.

Figure 3 is a schematic block diagram illustrating another embodiment of the present

invention.

Figure 4 is a schematic illustration of an electrode lead according to the present invention,

where the oxygen sensor is arranged; a sectional side view, and a view from the distal side

of the lead (to the right in the figure).

Figure 5 is a schematic illustration of an electrode lead according to one embodiment of

the present invention, where the oxygen sensor is arranged; a sectional side view, and a

view from the distal side of the lead (to the right in the figure).



Figure 6 is a schematic illustration of an implantable medical device according to the

invention provided with two electrode leads.

Detailed description of preferred embodiments of the invention

The oxygen saturation of blood is generally defined as the percentage of the haemoglobin

binding sites that are occupied with an oxygen molecule. An SaO value in the range of

97-100% is considered normal, and an SaO value in the range of 92-97% indicates

interstitial oedema and should trigger an alarm to avoid pulmonary oedema and

hospitalisation (this is further discussed below). An SaO value below 92% indicates

pulmonary oedema and the patient should immediately come to hospital.

Figure 1 is a schematic block diagram illustrating the present invention. The implantable

medical device according to the present invention comprises an optical oxygen sensor

adapted to measure the level of oxygen in oxygenized blood, and to generate an oxygen

measurement signal in dependence of the level of oxygen. The oxygen measurement

signal is applied to an oxygen measurement interface means that filters and amplifies the

signal and then applies the signal to a control means. The oxygen sensor is arranged to

perform measurements inside the heart, of blood entering the left atrium of a patient's

heart and is preferably arranged at, or close to, a distal end of an electrode lead connected

to the medical device. The obtained oxygen measurement signal is compared, by the

control means, to a predetermined threshold level and an indication signal, indicative of

the lung functionality of the patient, is generated in dependence of said comparison. Both

the obtained oxygen measurement signal as well as the indication signal are stored in a

storage means (not shown) arranged in the control means. The stored signals are time-

stamped.

As illustrated in figure 4 the optical sensor preferably comprises a photo-diode and a light

emitting diode arranged at the distal tip of the electrode lead and facing the distal direction

of the lead. The photo diode and the light emitting diode is mounted at a substrate and

separated by a light shield. The sensor is protected by a glass cover that is transparent for

the relevant wavelengths emitted by the diode. Sensor electronics are also included in

connection with the optical sensor. Input/output pins are arranged to connect the sensor



electronics to electrical conductors (not shown) of the electrode lead and that in turn are

connected to the oxygen measurement interface means.

According to one embodiment of the present invention the implantable medical device is a

heart stimulator which is illustrated in figure 2. The medical device as described with

references to figure 1 then includes a heart stimulating means and the electrode lead

includes one or many sensing and stimulating electrodes. One stimulating/sensing

electrode is shown in figure 4. Naturally, more than one electrode lead may be connected

to the medical device adapted to be arranged both in the left and right chambers of the

heart. In this embodiment the oxygen measurement signal may be used to control the

stimulation rate of the heart stimulator.

The electrode lead provided with the optical sensor is adapted to be placed in the left

atrium of the heart and in particular to perform measurements in the left atrium from a

position reached from the right atrium via the septal wall between the right and left atrium

of the heart. To firmly anchor and attach the distal tip within the septal wall the distal end

of the electrode lead is provided with anchor means. The anchor means is schematically

illustrated in the lower part of figure 4 where the distal end of an electrode lead is shown.

The anchor means preferably comprises at least two hatches separately arranged along the

distal tip of the electrode lead.

As briefly mentioned above an indication signal is generated if the comparison indicates

impaired lung functionality of the patient, e.g. to detect when a patient no longer may

saturate the blood during exercise. In particular the indication signal is generated if the

measurement signal is below a predetermined oxygen level threshold longer than a preset

time period. A predetermined oxygen level threshold is 95% SaO2.

The threshold may naturally be set to any other value, depending on the purpose of the

measurement. As stated above, normal values of SaO2 are typically 97-100% and if the

value is below 92%, then the patient has severe problems.

Figure 3 illustrates another preferred embodiment of the present invention where the

medical device, in addition to the oxygen sensor, further comprises a pressure sensor



arranged in connection with the oxygen sensor. In the figure is also illustrated a heart

stimulating means and an auxiliary sensor (to be discussed below). Both the heart

stimulating means and the auxiliary sensor are optional.

By including a pressure sensor in connection with the oxygen sensor as illustrated in

figure 5 a very compact and versatile electrode lead is provided. As illustrated the pressure

sensor is arranged at, or close to, the distal end of an electrode lead connected to the

medical device.

In combination with a heart stimulating means, both the oxygen saturation signal and a

pressure signal may be used to control the stimulation rate.

The medical device comprises a pressure measurement interface means connected to the

pressure sensor.

Different types of pressure sensors may be used. In figure 5 the pressure sensor is a strain

gauge pressure sensor attached to the inner side of a membrane. According to another

embodiment the pressure sensor is based upon MEMS technology. In short, Micro-

Electro-Mechanical Systems (MEMS) is the integration of mechanical elements, sensors,

actuators, and electronics on a common silicon substrate through microfabrication

technology. While the electronics are fabricated using integrated circuit (IC) process

sequences (e.g., CMOS, Bipolar, or BICMOS processes), the niicromechanical

components are fabricated using compatible "micromachining" processes that selectively

etch away parts of the silicon wafer or add new structural layers to form the mechanical

and electromechanical devices.

As in the embodiment illustrated in figure 4 the embodiment in figure 5 includes

input/output pins connected to electrical conductors of the electrode lead. For the other

features of figure 5, not explicitly described here, it is referred to the description of figure

4.

As briefly mentioned above a further embodiment of the medical device comprises an

auxiliary sensor adapted to generate an auxiliary measurement signal in dependence of a

measurement influencing activity. The blood oxygen measurements are then performed

when the auxiliary measurement signal fulfils specified measurement criteria. The reason

to include an auxiliary sensor is to ensure that the oxygen measurements are performed



with minimal disturbance or interference from other sources, e.g. when the patient is at

rest or asleep.

The auxiliary sensor may be an activity sensor, a patient position sensor, or an impedance

sensor. The impedance sensor preferably measures the impedance between the electrode

lead and the conductive encapsulation of the implantable medical device.

The specified measurement criteria includes that the auxiliary measurement signal is

below a specified level, or as an alternative, that the auxiliary measurement signal is above

a specified level.

The following is an exemplary description of the function of the implantable medical

device provided with an activity sensor, also functioning as a position sensor, and an

impedance sensor as two auxiliary sensors.

Limit sensor values are initially set for activity and position, and limits are also set for

persistence of activity and rest. The control means then starts to receive data from the

position, activity and impedance sensors. Dedicated counters in the control means are

increased as a result if detected rest and supine position, respectively, and when these

counters have passed its respective limit, status flags are set to "1". If both flags are "1"

the SaO measurement starts and the measurement is performed as long as the status flags

indicate that the measurement conditions are acceptable.

When the oxygen measurement is performed during a predetermined time interval, e.g.

10-30 minutes, an average value is determined and compare to a threshold as discussed

above. If the average value is below the threshold an impedance measurement between

electrodes in relevant position in thorax may be performed in order to confirm possible

pulmonary oedema. An alarm may then be generated via the telemetry communication

means to an external device to alert the physician.

As an alternative, the measured SaO2 values are stored in a storage means in the control

means to be further analysed at a later follow-up procedure.

Figure 6 illustrates an exemplary implantable medical device where the present invention

is applicable. The illustrated medical device is a two-chamber heart stimulator provided



with one electrode lead arranged in the right ventricle (RV) and another electrode lead,

including an oxygen senor at the distal tip, arranged in the right atrium (RA), and in

particular in the septal wall between the right and left atria and arranged to perform

oxygen measurements in the left atrium (LV).

Even though the present invention in particular relates to embodiments showing SaO2

measured parameters, other oxygen related parameters may be used such as pθ 2 as

disclosed in US-6,236,873 which hereby is incorporated by reference. Measurement

electrodes, adapted to perform pθ 2 measurements, are then included at the distal part of

the electrode lead, and the control means then includes specific hardware and/or software

to handle the measurements.

The present invention is not limited to the above-described preferred embodiments.

Various alternatives, modifications and equivalents may be used. Therefore, the above

embodiments should not be taken as limiting the scope of the invention, which is defined

by the appending claims.



Claims

1. Implantable medical device comprising an optical oxygen sensor adapted to

measure the level of oxygen in oxygenized blood, and to generate an oxygen measurement

signal in dependence of the level of oxygen,

c h a r a c t e r i z e d i n that the oxygen sensor is adapted to perform measurements

inside the heart, of blood entering the left atrium of a patient's heart,

the obtained oxygen measurement signal is compared to a predetermined threshold level

and an indication signal is generated in dependence of said comparison,

wherein said indication signal is indicative of the lung functionality of the patient.

2. Medical device according to claim 1, wherein the optical sensor is arranged

at, or close to, a distal end of an electrode lead connected to the medical device.

3. Medical device according to claim 1, wherein the optical sensor comprises a

photo-diode and a light emitting diode arranged at the distal tip of the electrode lead and

facing the distal direction of the lead.

4. Medical device according to claim 1, wherein the optical sensor is adapted to

be placed in the left atrium of the heart.

5. Medical device according to claim 1, wherein the optical sensor is adapted to

perform measurements in the left atrium from a position reached from the right atrium via

the septal wall between the right and left atrium of the heart.

6. Medical device according to claim 2, wherein distal end of the electrode lead

is provided with anchor means, to attach the distal tip of the electrode lead within said

septal wall.

7. Medical device according to claim 6, wherein the said anchor means

comprises at least two hatches separately arranged along the distal tip of the electrode

lead.



8. Medical device according to claim I wherein the indication signal is

generated if said measurement signal is below said oxygen level threshold longer than a

preset time period, indicating potential interstitial oedema.

9. Medical device according to claim 1, wherein said predetermined oxygen

level threshold is 97% SaO2.

10. Medical device according to claim 9, wherein the device comprises a second

oxygen level threshold, being 92% SaO2.

11. Medical device according to claim 10, wherein a second indication signal is

generated if said measurement signal is below said second oxygen level threshold,

indicating potential pulmonary oedema.

12. Medical device according to claim 1, wherein the oxygen measurement

signal is used to detect when a patient no longer may saturate the blood during exercise.

13. Medical device according to claim 1, wherein the oxygen measurement

signal is used to control the stimulation rate of a rate responsive heart stimulator.

14. Medical device according to claim I5wherein the medical device further

comprises a pressure sensor arranged in connection with the oxygen sensor.

15. Medical device according to claim 14, wherein said pressure sensor is

arranged at, or close to, a distal end of an electrode lead connected to the medical device.

16. Medical device according to claim 14 or 15, wherein said pressure sensor is

a strain gauge pressure sensor.

17. Medical device according to claim 14 or 15, wherein said pressure sensor is

a pressure sensor based upon MEMS technology.



18. Medical device according to claim 1, wherein the medical device further

comprises an auxiliary sensor adapted to generate an auxiliary measurement signal in

dependence of a measurement influencing activity, and that said blood oxygen

measurements are performed when the auxiliary measurement signal fulfils specified

measurement criteria.

19. Medical device according to claim 18, wherein said auxiliary sensor includes

an activity sensor.

20. Medical device according to claim 18, wherein said auxiliary sensor includes

a patient position sensor.

2 1. Medical device according to claim 18, wherein said specified measurement

criteria includes that the auxiliary measurement signal is below a specified level.

22. Medical device according to claim 18, wherein said specified measurement

criteria includes that the auxiliary measurement signal is above a specified level.
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