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ABSTRACT

In a method and a device for trending and prediction of
monitored conditions or diseases, an REM sleep detector is
provided to allow data collected during REM sleep to be
separated from other data so stable and uniform conditions
for data collection are achieved. The REM sleep detector can
advantageously be provided inside an implantable medical
device.
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METHOD AND DEVICE FOR COLLECTING
REM SLEEP DATA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an implantable
medical device such as a pacemaker or an implantable car-
dioverter or any other similar device. In particular the present
invention relates to a method and a device for detecting REM
sleep using an implantable medical device.

[0003] 2. Description of the Prior Art

[0004] Inimplantable medical devices such as pacemakers
and implantable cardioverter/defibrillators a number of dif-
ferent sensors are provided. The sensors are i.a. used for
controlling the operation of the implantable medical device.
In recent years an increased memory capacity in implantable
medical devices has paved the way for introduction of diag-
nostic abilities for trending various conditions and diseases.
Insome cases signals collected are even used for prediction of
critical events.

[0005] In trending of various conditions as well as in pre-
diction of events it is desired to have access to data generated
under stable conditions. In other words when data is com-
pared to historical data it is desired that the historical data is
generated under conditions that are as similar as possible,
thereby improving the accuracy of the trended parameter.
[0006] If data related to trending and/or prediction of dif-
ferent conditions are collected during conditions that differ,
there is a high risk that the trend in the trended parameter is
lost because the variation in the conditions is larger than the
difference in the trended parameter. This in turn will possibly
result in that a significant change in a trended parameter can
not be detected. This is of course not desired.

[0007] Hence, there exists a need for a method and a device
that is capable of generating an output of a trended parameter
that is reliable and which can capture changes in a trended
parameter with high accuracy.

SUMMARY OF THE INVENTION

[0008] Itis an object of the present invention to provide a
method and a device that is capable of detecting REM sleep
using signals that are captured by an implantable medical
device.

[0009] It is another object of the present invention to over-
come or at least reduce some of the problems associated with
existing methods and devices for trending various conditions/
deceases using an implantable medical device.

[0010] It is yet another object of the present invention to
provide a method and a device that is capable of generating
data for trending a physiological parameter at conditions that
are similar over a period of time.

[0011] The above object is achieved in accordance with the
present invention by a method and an implantable device for
trending or predicting monitored conditions or diseases,
wherein data detected during REM sleep are separated from
other data so that stable and uniform conditions for data
collection are achieved.

[0012] Thus, by providing an REM sleep detection cir-
cuitry in an implantable medical device that, based on sensor
signals available to the implantable medical device, in par-
ticular an impedance sensor signal, can determine if a person
is in REM sleep, an REM detector that is reliable and which
can be used without any external input is obtained.
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[0013] In one embodiment an impedance signal used for
determining an REM sleep stage can be supplemented with
other signal available in an implantable medical device in
order to increase the accuracy of the determination whether
an REM sleep stage exists or not. Such other signals may
include, but are not limited to signals indicative of, heart rate,
heart rate variability, position sensor signals, accelerometer
signals, SvO2 sensor signals and blood pressure sensor sig-
nals.

[0014] The impedance can be measured between any elec-
trode(s) present in the implantable device and the casing of
the implantable device or between any electrodes of the
implantable device. The measured impedance signal is then
used as an input signal to an REM sleep detector. For
example, the REM detector can be adapted to extract the heart
rate and/or the heart rate variability from the impedance sig-
nal provided. The IEGM signal is a good indicator of REM
sleep because an increased heart rate indicates REM sleep.
Also an increased variability of the heart rate is a good indi-
cator of REM sleep.

[0015] Inanother embodiment an REM detector is used for
determining when and/or how trend data for use in trending
should be recorded. Hence, because REM sleep is different
from regular sleep if data is recorded both during an REM
sleep condition and during regular sleep the data will be
corrupt or at least not representing conditions that are similar.
In order to combat this problem data used for trending is
separated so that data collected during REM sleep is classi-
fied as one set of data whereas data collected during regular
sleep is classified as another set of data. Hereby trending can
be made on data that are collected during conditions that are
similar and which is not affected by different sleep stages.
[0016] Inyetanother embodiment of the present invention,
the ratio between a trended parameter during REM sleep and
during regular sleep is formed to provide a measurement
useful for detecting a worsened condition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a general view of an implanted medical
device.
[0018] FIG. 2ais a general view illustrating the major logi-

cal components of an REM detector adapted to be integrated
in an implantable medical device.

[0019] FIG. 25 is a schematic view of a heart beat signal
used for post capturing detection of REM sleep periods.
[0020] FIG. 3 is a flow chart illustrating steps performed
when detecting REM sleep.

[0021] FIG. 4 is a flow chart illustrating different steps
performed when collecting trending data in an implantable
medical device provided with an REM detector.

[0022] FIG. 5 is a view illustrating how an implantable
medical device can be made to communicate with other elec-
tronic devices located outside a patient carrying an implanted
medical device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] InFIG.1,a view of a medical device 100 implanted
in a patient is shown. The exemplary medical device can for
example be a pacemaker implanted in a patient. The pace-
maker 100 comprises a casing being hermetically sealed and
biological inert. The casing is typically conductive and may
then serve as an electrode. One or more pacemaker leads,
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whereof only two are shown in FIG. 1 namely a ventricular
lead 102 and an atrial lead 104, are electrically coupled to the
pacemaker 100 in a conventional manner. The leads 102 and
104 extend into the heart 106 via a vein 108 of the patient. One
or more conductive electrodes for receiving electrical cardiac
signals and/or for delivering electrical pacing to the heart 106
are arranged near the distal ends of the leads 102 and, 104.
Impedance measurements may be performed between any of
the electrodes, the casing of the pacemaker 100 may then
serve as one electrode.

[0024] In one embodiment the implanted medical device
comprises an REM (Rapid Eye Movement) sleep detector.
REM sleep is a sleep condition characterized by rapidly mov-
ing eyes while sleeping. A person in REM sleep typically has
an increased heart rate and also typically has an increased
variability with regard to the heart rate. Also, the respiration
frequency typically increases as well as the respiratory ampli-
tude.

[0025] By measuring one or more parameters indicative of
REM sleep it is possible to determine if a patient is in REM
sleep using an REM sleep detector located in the implantable
medical device. In FIG. 2 a diagram of an REM sleep detector
200 adapted to be integrated in an implantable medical device
is shown. The REM detector comprises an input terminal 201
for receiving a number of signals sensed by the implantable
medical device. In particular the REM detector is adapted to
receive sensor signals representing the impedance between
two or more electrodes of the implantable medical device as
sensed by one or more impedance sensors provided in the
implantable medical device. For example sensors adapted to
generate signals corresponding to the cardiogenic impedance
Zc and/or the respiratory impedance Zr may by employed. In
addition the REM detector may receive input sensor signals
from sensors adapted to sense signals indicative of, heart rate,
heart rate variability, position sensor signals, accelerometer
signals, SvO2 (mixed venous oxyhemoglobin) sensor signals
and blood pressure sensor signals or any other signals avail-
able in the implantable medical device that can serve to facili-
tate the determination of an existing REM sleep condition.
[0026] The sensor signals are used to derive a number of
output signals representing different physical parameters
such as heart rate, heart rate variability, peak-to-peak varia-
tion in heart beat respiration frequency etc, all of which may
be extracted from an impedance sensor signal. Each of the
measured physical parameters is compared to a threshold
value in respective comparison units 203 to determine if an
REM sleep condition is present. If all or at least a predeter-
mined number of the measured physiological parameters
exceed their respective threshold values the REM sleep detec-
tor is adapted to generate an output signal indicating REM
sleep in a decision module 205.

[0027] In accordance with another embodiment the deter-
mination of REM sleep or non REM sleep is made at a later
stage and data is only collected and stored during sleep.
Afterwards, during data processing, data can be classified as
related to REM sleep or Non REM sleep depending on the
outcome of an analysis of the collected and stored data. Thus,
during sleep data related to physical parameters indicative of
REM sleep such as heart rate, heart rate variability, peak-to-
peak variation in heart beat respiration frequency etc and
which can be captured by the medical device are stored in a
memory. Processing of data to determine REM sleep stages is
then performed afterwards. In FIG. 25 a schematic view of a
heart beat signal used for post capturing detection of REM
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sleep periods is shown. In FIG. 25 the heart rate during the
hours 2 to 4 in the night is schematically shown. Periods with
increased heart rate is classified as REM sleep. Other physi-
ological parameters such as heart rate, heart rate variability,
peak-to-peak variation in heart beat respiration frequency etc
may of course also be used. In particular a number of param-
eters may be cross correlated to determine periods of REM
sleep.

[0028] Inaccordance with one embodiment the physiologi-
cal parameters are sensed using one or more impedance sen-
sors. The impedance sensor signals are then processed to
derive signals representing physiological parameters such as
heart rate, heart rate variability, peak-to-peak variation in
heart beat, respiration frequency etc. Typically there can be
provided an impedance sensor for sensing the cardiogenic
impedance Zc, i.e. impedance varying with the heart beat, and
an impedance sensor for sensing the respiratory impedance
Zr,1.e. impedance varying with breathing. Some of'the signals
that can be derived from the impedance sensors can also be
derived from an IEGM sensor if such a sensor is present. For
example an IEGM sensor can be used as a supplement to
verify the heart beat rate and heart beat variability.

[0029] In accordance with another embodiment physi-
ological parameters derived from signals generated by one or
many impedance sensors are supplemented by sensor signals
generated by other sensors present in the implantable medical
device for example sensors adapted to sense signals indicative
of, heart rate, heart rate variability, position sensor signals,
accelerometer signals, SvO2 (mixed venous oxyhemoglobin)
sensor signals and blood pressure sensor signals etc.

[0030] Detecting REM sleep can be used to filter out data in
atrending algorithm. Trending algorithms are dependent on a
data set that is collected under similar conditions in order to
generate a reliable trend. A sleeping person is likely to gen-
erate data useful and suitable for trending because sampling
conditions during sleep are likely to be similar over time. IN
addition some heart failure syndromes are known to worsen
when a person is lying down.

[0031] However, because REM sleep increases the work
load on the heart, a trending algorithm should take into
account if data collected while a person is sleeping is gener-
ated during REM sleep or not.

[0032] InFIG. 3 aflow chartillustrating steps performed in
a procedure when detecting REM sleep and generating trend
data is shown. Firstin a step 301 a first criteria it is checked if
the time is such that the patient normally would be asleep. For
example the internal clock of the implantable medical device
can be checked to see if the time is within some preset time
interval, for example between 2 and 4 in the night. Nextin a
step 303 the procedure checks if the patient is in a rest state.
This can be performed by checking readings from an accel-
erometer or a position sensor if such sensors are present. Next
in a step 305 an input signal from an REM sleep detector is
received. If the REM sensor output signal indicates that the
patient is not in an REM sleep stage in a step 307, trend data
is collected for use in a trending algorithm in a step 309.
[0033] In FIG. 4, a flowchart illustrating different steps
performed when collecting trending data in an implantable
medical device provided with an REM detector in accordance
with another embodiment is shown.

[0034] First in a step 401 and 403 it is determined that the
patient is sleeping. This can for example be performed as in
the embodiment described in conjunction with FIG. 3 by first
in the step 401 checking the time of the internal clock of the
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implantable medical device and then in the step 403 checking
that the patient is in a resting state.

[0035] If in steps 401 and 403 it is determined that the
patient is sleeping, trend data of one or many sensor signals is
collected in a step 405. For example, impedance signals such
the cardiogenic Zc and/or respiratory Zr impedance may be
collected. Other sensor signals may also be collected depend-
ing on the type of diagnosis the trending data is to be used for.
Depending on the output from the REM detector the trending
data from a sleeping patient is either designated as REM sleep
data or sleep data. The determination whether collected data
is REM sleep data or sleep data is performed in a step 407.
[0036] The data thus collected can then be either stored
internally within the implantable medical device or trans-
ferred directly to an external device provided to store the
trending data. The storing of trending data is performed in a
step 409. In either case the trending data collected during
REM sleep and regular, non-REM, sleep may be stored in two
different data sets 409a and 4095.

[0037] Next, in a step, 411 trending is performed using the
trend data collected in REM sleep and/or regular sleep. For
example in accordance with one embodiment only data col-
lected during regular sleep is used when performing trending
of a physiological parameter. This may be advantageous
because the data collected during regular sleep and filtered
from REM sleep can be expected to have been collected
during very similar conditions thereby increasing the reliabil-
ity of the trend.

[0038] In accordance with another embodiment only data
collected during REM sleep is used when performing trend-
ing of a physiological parameter. This may be advantageous
because the data collected during REM sleep, apart from
being collected during similar conditions, is also collected
during a higher cardiogenic workload, which in turn increases
the likelihood of detecting an abnormal state early since
abnormal states usually are first spotted during a higher work-
load.

[0039] In accordance with yet another embodiment both
REM sleep data and regular sleep data are combined in a
suitable way to create a trend for a combined set of data. For
example, the ratio between the REM sleep data and the regu-
lar sleep data from time periods close in time can be trended
against the corresponding ratio at other times. Hereby the
ratio is trended and that may provide an even more precise
trend of the trended parameter. Other relationships between
data collected during REM sleep and non-REM sleep may
also be studied and trended. For example, the difference or a
correlation may be studied.

[0040] Stored data can also be further processed. For
example during a period of sleep a number of REM sleep
sessions and regular sleep sessions may occur. For each such
session only a number of parameters representing the data to
be trended may be permanently stored and used by the trend-
ing tool used. Thus, if trending data is only collected from the
implantable medical device at some periodic interval, such as
bi-weekly, the implantable medical device can have two
memories, one first memory for storing recently collected
data and another second memory for storing parameters rep-
resenting the trended parameter. Hereby the first memory can
be emptied as soon as the relevant data has been processed
and stored as one or many data values in the second memory.
The trending tool then only has to upload data from the
second memory to generate the trend for the trended param-
eter(s) which saves time and memory.
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[0041] Once collected the data used for trending can be
transferred to a device located outside the implantable medi-
cal device. As stated above this can be performed either in real
time or, if the implantable medical device is provided with a
memory at a time interval such that the memory does not
become full before being transferred to the outside device.
[0042] In FIG. 5, transfer of information to/from an
implantable medical device is schematically shown. Thus, an
implantable medical device 20 implanted in a patient 40
comprises a device 37 for transmitting information from the
device 20 to entities outside the patient. The device 37 may
also act to receive data or instructions from outside entities.
For example, the implantable medical device can communi-
cate with a cellular device such as a mobile telephone 42 or a
stationary transmitter/receiver 41. The cellular device 42 or
the stationary transmitter/receiver 41 can then be connected
to a processor unit 44 for example via a network 43. The
processor unit can for example be a trending tool adapted to
receive trend data to be processed by the trending tool 44. The
processed data can then be displayed to a doctor treating the
patient or stored in a memory 45 for future use.

[0043] Using the method and device as described herein
will provide an efficient REM sleep detector using an imped-
ance signal as input signal, and which hence can detect REM
sleep using only sensor signals present in an implantable
medical device and which hence enables REM sleep detec-
tion of a patient carrying an implantable medical device such
as an implanted pacemaker or a cardioverter/defibrillator. The
methods and devices as described herein may also be used in
an implantable medical monitor device used for monitoring
physiological parameters.

[0044] The provision of a REM sleep detector, in particular
inside an implantable medical device, enables better trending
and prediction of monitored conditions or diseases. This is
because REM sleep data can be separated from other data
whereby stable and uniform conditions for data collection are
achieved. Stable and uniform data sampling conditions is one
of the most important if not the most important aspect for
obtaining a reliable result when using data in a trending tool.
This is because no matter how a sophisticated trending/pre-
diction tool that is used, if data is not comparable or repre-
sentative the tool cannot provide a useful output.

[0045] Although modifications and changes may be sug-
gested by those skilled in the art, it is the intention of the
inventors to embody within the patent warranted heron all
changes and modifications as reasonably and properly come
within the scope of their contribution to the art.

We claim as our invention:

1-22. (canceled)

23. A method for trending and/or predicting at least one
physiological parameter of a living subject, comprising the
steps of:

(a) determining that a living subject is asleep;

(b) detecting when the living subject is in REM sleep;

(¢) collecting and storing data, as stored data, representing
at least one physiological parameter in a data collection
procedure that differentiates between whether said data
representing said at least one physiological parameter
are collected and stored during REM sleep or during
non-REM sleep; and

(d) in a processor, automatically trending or predicting said
at least one physiological parameter dependent on
whether said stored data were collected during REM
sleep or during non-REM sleep.
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24. A method as claimed in claim 23 wherein step (c)
comprises collecting and storing said data representing said at
least one physiological parameter only during REM sleep.

25. A method as claimed in claim 23 wherein step (c)
comprises collecting and storing said data representing said at
least one physiological parameter only during non-REM
sleep.

26. A method as claimed in claim 23 wherein step (c)
comprises collecting and storing data both during REM sleep
and non-REM sleep, and collecting and storing said data
representing said at least one physiological parameter during
REM sleep as a first stored set of data, and collecting and
storing said data representing said at least one physiological
parameter during non-REM sleep as a second stored set of
data.

27. A method as claimed in claim 26 wherein step (d)
comprises trending or predicting said at least one physiologi-
cal parameter dependent on both said first and second stored
sets of data.

28. A method as claimed in claim 26 comprising, in said
processor, forming a ratio between said first stored set of data
and said second stored set of data and using said ratio in step
(d) as a trend parameter or a prediction parameter in said
trending or prediction of said at least one physiological
parameter.

29. A method as claimed in claim 28 comprising forming
said ratio from samples of said first stored set of data and
samples of said second stored set of data collected from
consecutive REM and non-REM sleep periods.

30. A method as claimed in claim 23 comprising implant-
ing a collecting and storing device in vivo in said living
subject and interacting with said living subject in vivo with
said implanted device to collect and store said data represent-
ing said at least one physiological parameter.

31. A method as claimed in claim 30 wherein the step of
implanting said collecting and storing device comprises
implanting a cardiac pacemaker, containing said storing and
collecting device, in said living subject in vivo, and adminis-
tering pacing therapy to the living subject in vivo with said
cardiac pacemaker dependent on a result of said trending or
predicting of said at least one physiological parameter.

32. A device for trending and/or predicting at least one
physiological parameter of a living subject, comprising the
steps of:

an implantable sensor that detects physiological data from

a living subject that include physiological data repre-
senting REM sleep of the living subject;
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an implantable processor configured to determine, from
said physiological data, when the living subject is in
REM sleep;

said processor being configured to collect and store data, as
stored data, representing at least one physiological
parameter in a data collection procedure that differenti-
ates between whether said data representing said at least
one physiological parameter are collected and stored
during REM sleep or during non-REM sleep; and

said processor being configured to automatically trend or

predict said at least one physiological parameter depen-
dent on whether said stored data were collected during
REM sleep or during non-REM sleep.

33. A device as claimed in claim 32 wherein said processor
is configured to collect and store said data representing said at
least one physiological parameter only during REM sleep.

34. A device as claimed in claim 32 wherein said processor
is configured to collect and store said data representing said at
least one physiological parameter only during non-REM
sleep.

35. A device as claimed in claim 32 wherein step said
processor is configured to collect and store data both during
REM sleep and non-REM sleep, and store said data repre-
senting said at least one physiological parameter during REM
sleep as a first stored set of data, and collecting and store said
data representing said at least one physiological parameter
during non-REM sleep as a second stored set of data.

36. A device as claimed in claim 35 wherein said processor
is configured to trend or predict said at least one physiological
parameter dependent on both said first and second stored sets
of data.

37. A device as claimed in claim 35 wherein said processor
is configured to form a ratio between said first stored set of
data and said second stored set of data and to use said ratio as
atrend parameter or a prediction parameter in said trending or
prediction of said at least one physiological parameter.

38. A device as claimed in claim 37 wherein said processor
is configured to form said ratio from samples of said first
stored set of data and samples of said second stored set of data
collected from consecutive REM and non-REM sleep peri-
ods.

39. A device as claimed in claim 39 comprising an implant-
able cardiac pacemaker containing said processor, and a pulse
generator that administers pacing therapy to the living subject
in vivo controlled by said processor dependent on a result of
said trending or predicting of said at least one physiological
parameter.
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