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Description

BACKGROUND OF THE INVENTION

[0001] The present invention rotates generally to the
field or medical devices, and more particularly to a med-
ical device capable of identifying a hemodynamically un-
stable arrhythmia based upon signals obtained from an
optical hemodynamic sensor. Medical devices, both in-
ternal and external, have long been used to monitor car-
diac activity to detect various types of cardiac arrhythmi-
as and to select and provide an appropriate therapy
based upon the type of arrhythmia detected. Convention-
ally, suck cardiac arrhythmia detection has been based
upon an analysis of one or both of the electrical and he-
modynamic functioning of the heart.

[0002] Optical hemodynamic sensors, such as pulse
oximeters, have been used in medical devices to obtain
data indicative of the hemodynamic function of the heart,
forinstance, by determining blood oxygen saturation lev-
els. Practical applications for optical hemodynamic sen-
sors, however, have been limited because such sensors
are highly susceptible to motion, that is, movement by
the patient or of the sensor tends to introduce significant
noise onto an output signal of the sensor.

[0003] In a pacemaker according to US-A-4870968,
motion artefacts are suppressed by sampling the signal
of an optical blood oxygen saturation sensor at various
points in time during a heart cycle. Thereby, motion re-
lated signals are averaged out, whereas valid signals
contribute. The minimum value is taken as a reference
value and the difference to the current value is considered
a measure for controlling the stimulation rate of the pace-
maker.

[0004] The apparatus according to US-A-5431172 de-
tects arrhythmia by optically sensing pO2 wherein a sud-
den drop of pO2 level is taken as an indicator for tach-
yarrhythmia. To enhance reliability, an activity sensor is
used for confirming tachyarrhythmia when no or only little
activity is detected concomitantly with the drop in pO2.
[0005] A method of eliminating motion artefacts from
optical signals related to pO2-measurements is dis-
closed in US-A-5368026. The optical signal is differenti-
ated and a ratio of two subsequent amplitude maxima
(of different sign) is formed. When this ratio is less than
1.4, patient motion is likely and indicated.

BRIEF SUMMARY Of THE INVENTION

[0006] The present invention is a medical device as
defined in claim 1, which has a processor that identifiers
a hemodynamically unstable arrhythmia based upon sig-
nals obtained from an optical hemodynamic sensor.

[0007] The optical sensor includes a light source for
transmitting a plurality of optical signals into body tissue
of a patient and a light detector for receiving the plurality
of signals as attenuated by transmission through the
body tissue. The optical sensor further generates a plu-
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rality of corresponding output signals representative of
an intensity of the attenuated signals as received.
[0008] The processoranalyzes the output signals over
an initial time period to assess a baseline level of motion
and over a subsequent time period to assess a current
level of motion. If the current level of motion does not
exceed the baseline level of motion, the processor ana-
lyzesthe output signals to determine ifthey are consistent
with a hemodynamically unstable arrhythmia.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1is a diagram of an implantable medical device
including an optical hemodynamic sensor.

FIG. 2 is a diagram of one embodiment of the optical
hemodynamic sensor.

FIG. 3is afunctional bock diagram of the implantable
medical device and optical hemodynamic sensor.
FIGS. 4-6 are graphs illustrating representative sig-
nals obtained from the optical hemodynamic sensor.
FIGS. 7-9 are flow chants illustrating an algorithm
for use in the implantable medical device for detect-
ing a hemodynamically unstable arrhythmia.

DETAILED DESCRIPTION

[0010] The presentinvention is directed toward a med-
ical device, such as a cardioverter defibrillator, a pace-
maker, or a cardiac monitor, that identifies a hemody-
namically unstable arrhythmia based upon signals ob-
tained from an optical hemodynamic sensor. Of interest
here, in particular, are sensors capable of transmitting
two or more wavelengths of light through a portion of a
patient’s blood perfused tissue, of receiving the transmit-
ted signals as attenuated by transmission through the
tissue, and of generating, for each transmitted wave-
length, signals proportional, ether directly or inversely,
to anintensity of the received signals. The medical device
of the present invention includes a processor for analyz-
ing the generated signals to determine whether the sig-
nals may have been corrupted by motion. Ifthe processor
determines that motion is not a problem, the controller
further analyzes the signals to determine if a state exists
that is consistent with hemodynamic instability.

[0011] FIG. 1 illustrates implantable medical device
(IMD) 10 configured for both monitoring the function of
and delivering therapy to heart H. In FIG. 1. heart H is
shown in a partially cutaway view illustrating right atrium
RA, right ventricle RV, left ventricle LV, and coronary
sinus CS.

[0012] As shown in FIG. 1, IMD 10 is an implantable
cardioverter defibrillator (ICD) that includes a pulse gen-
erator for delivering electrical stimulation to heart H for
use in cardiac pacing therapies, cardioversion and/or de-
fibrillation. The present invention, however, may be em-
bodied in any medical device, implantable or external,
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having a multiple wavelength, optical hemodynamic sen-
sor electrically connected thereto. Another example of
an implantable medical device in which the present in-
vention may be practiced would be a subcutaneous pace-
maker or cardioverter/defibrillator implanter subcutane-
ously rather than transvenously

[0013] IMD 10 includes hemetically-sealed housing
12, connector block assembly 14, right atrial (RA) lead
16, right ventricular (RV) lead 18, left ventricular (LV) lead
20, and optical hemodynamic sensor lead 22. IMD 10
further includes circuitry and a power source, which are
located within housing 12, for controlling the operation
of IMD 10. The circuitry communicates with leads 16, 18,
20, and 22 through electrical connectors within connector
block assembly 14. A. can electrode is formed on or is a
part of the outer surface of housing 12, and may act as
an electrode with respect to one or more of the electrodes
carried by leads 16, 18 and 20.

[0014] Leads 16, 18, and 20 extend from connector
block assembly 14 to right atrium RA, right ventricle RV,
and coronary sinus CS adjacent left ventricle LV, respec-
tively, of heart H Leads 16, 18, and 20 each carry one or
more sensors/electrodes for sensing electrical signals,
such as electrogran (EGM) signals, attendant to the de-
polarization and repolarization of heart H, for providing
pacing pulses for causing depolarization of cardiac tissue
in the vicinity of the distal ends thereof, and for providing
cardioversion shocks. When provided, a cardioversion
shock is typically delivered between a combination of
electrodes carried on RA and RV leads 16 and 18 and
the can electrode.

[0015] Lead 22 extends from connector block assem-
bly 14 to optical hemodynamic sensor 24, which is ex-
travascularly-implanted - typically subcutaneously or
submuscularly - at a desired location of patient P. In al-
ternate implantable embodiments, optical hemodynamic
sensor 24 may be formed on or in housing 12 of IMD 10
or may be carried by a lead from IMD 10 into a chamber
of heart H or into a blood vessel. In non-implantable em-
bodiments, a noninvasive optical hemodynamic sensor
intended for use with a fleshy appendage, such as a fin-
ger or an earlobe, or the surface of the skin may be used.
Optical hemodynamic sensor 24 is preferably a multiple
waveform pulse oximeter. Pulse oximeters are well
known sensors commonly used with various medical de-
vices, both implantable and external. For example, some
applications of pulse oximeters are disclosed in common-
ly assigned U.S. Patent Nos. 4,750,495; 5,176,137;
6,144,866; 6,198,952; or 6.944,488 to Medtronic, Inc.
[0016] Generally, pulse oximeters include a light
source for emitting light through a blood perfused tissue
of patient P and a light detector for generating a signal
representative of an intensity of light transmitted through
the blood perfused tissue to the light detector. In other
embodiments, the pulse oximeter may be placed in the
blood stream itself. The light passed through the tissue
or bloodstream is commonly selected to be of two or more
wavelengths, and most commonly, the light is selected
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to fall in the red part of the visible light spectrum and the
infrared (IR) portion of the light spectrum. The light trans-
mitted through the blood perfused tissue or bloodstream
and received by the light detector is generally represent-
ative of hemodynamic function.

[0017] FIG. 2illustrates one embodiment of optical he-
modynamic sensor 24, which includes red light emitting
diode (LED) 26, infrared (IR) LED 28, photodiode 30, and
optical barrier 32, all of which are positioned within sensor
housing 34 having lens 36. In the embodiment shown in
FIG. 2, LEDs 26 and 28 and photodiode 30 are each
mounted on substrate 37, or a bottom surface of housing
34. As indicated by arrows 38, red and IR LEDs 26 and
28 are configured to emit light through lens 36 of housing
34, while, as indicated by arrows 39, photodiode 30 is
configured to detect light received through lens 36. Op-
tical barrier 32 is positioned to block direct transmission
of light from LEDs 26 and 28 to photodiode 30.

[0018] In this embodiment, optical hemodynamic sen-
sor preferably is subcutaneously implanted within patient
P such that lens 36 is oriented toward a blood perfused
tissue of patient P. In the embodiment of FIG. 2, LEDs
26 and 28 are positioned on the same side of the blood
perfused tissue as photodiode 30. In alternate embodi-
ments, LEDs 26 and 28 may be positioned on an opposite
side of the blood perfused tissue as photodiode 30. This
later embodiment is commonly referred to as the trans-
mission mode and commonly used with external pulse
oximeters, such as those intended for use with a fleshy
appendage such as a finger or an earlobe.

[0019] Red LED 26 preferably emits light in the red
portion of the visible light spectrum, while IR LED 28 pref-
erably emits IR light in the IR portion of the light spectrum.
In alternate embodiments, optical hemodynamic sensor
24 may include any two or more light sources for produc-
ing at least two different wavelengths of light. Photodiode
30 preferably receives light transmitted by LEDs 26 and
28, with an intensity of the signal received by photodiode
30 being indicative of hemodynamic function. For in-
stance, oxygen saturation of the blood can be derived
from an output of photodiode 30.

[0020] FIG. 3 is a functional block diagram of the cir-
cuitry located within IMD 10 and within optical hemody-
namic sensor 24. IMD 10 includes microprocessor cir-
cuitry 40, memory 42, input processing circuit 44, therapy
delivery system 46, LED control circuitry 48, and photo-
diode signal processing circuitry 50. Although not shown
inFIG. 3, IMD 10 furtherincludes, among other elements,
a battery for supplying power to the electronic compo-
nents of IMD 10, clock circuitry for controlling timing, and
telemetry circuitry to allow for communication between
IMD 10 and a remote or external device, such as a pro-
grammer Microprocessor 40 controls the functions of
IMD 10 by executing firmware and program software al-
gorithms stored in associated memory 42, such as ROM
or RAM. Input signal processing circuit 44 receives sig-
nals from RA lead 16, RV lead 18, and LV lead 20. The
outputs of input signal processing circuit 44 include dig-
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itized EGM waveforms and sense event signals derived
from EGM signals sensed by leads 16, 18, and 20. Input
signals processing circuit 44 can be implemented with
analog circuitry or with a digital signal processor.
[0021] Therapy delivery system 46 delivers cardiac
pacing pulses to leads 16, 18, and 20 and can 12 under
the control of microprocessor 40. Delivery of pacing puls-
es is controlled in part by the selection of programmable
pacing intervals, which can include atrial-atrial (A-A), atri-
al-ventricular (A-V), and ventricular-ventricular (VV) in-
tervals. Therapy delivery system 46 also includes circuit-
ry for delivering cardioversion/defibrillation therapy.
[0022] LED control circuitry 48, under the control of
microprocessor 40, controls the operation of red and IR
LEDs 26 and 28. Generally, red and IR LEDs 26 and 28
are sequentially operated such that only one of red and
IRLEDs 26 and 28 is emitting light ata time. In one control
scheme, red and IR LEDs 26 and 28 are maintained in
an on state as a function of the relative amounts of red
and infrared light transmitted through the blood. When
red and IR LEDs 26 and 28 are sequentially operated,
the slight detected by photodiode 30 will contain both
information about the intensity of both the red and IR light
transmitted through the blood perfusedtissue. Thus, pho-
todiode signal processor 50, under the control of micro-
processor 40, demodulates the two signals and other-
wise processes the signals as needed for use by micro-
processor 40.

[0023] The functional block diagram illustrated in FIG.
3 is intended to be merely an example and corresponds
only to a general functional organization of most pres-
ently available IMDs. Each of these functional elements
may be combined into a single element or further divided
into additional elements. Additionally, certain compo-
nents may be relocated. For instance, LED control cir-
cuitry 48 and photodiode signal processor 50 may form
a portion of optical hemodynamic sensor 24.

[0024] FIGS. 4-6 are graphs illustrating representative
signals obtained from an optical hemodynamic sensor
according to an embodiment of the present invention.
Each of FIGS. 4-6 presents an ECG signal, an arterial
pressure signal, a red optical signal and an infrared op-
tical signal as a function of time. The ECG signals may
be obtained from electrical sensors carried by one of the
leads 16, 18, and 20. The pressure signal may be ob-
tained from any of plurality of conventional means, in-
cluding a pressure sensor located in the right ventricle
RV of the heart. Red and infrared optical signals 64 and
66 are representative of red and infrared wavelength
light, respectively, detected by photodiode 30. The signal
outputted by photodiode 30 is inversely proportional to
the intensity of the detected light.

[0025] FIG. 4 presents ECG signals 60, arterial pres-
sure signal 62, red optical signal 64.

and IR optical signal 66 for a normal sinus rhythm FIG.
5 presents ECG signal 70, arterial pressure signal 72,
red optical signal 74, and infrared optical signal 76 fol-
lowing an induced ventricular fibrillation initiated during
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time period 78 and FIG. 6 presents ECG signal 80, arterial
pressure signal 82, red optical signal 84, and infrared
optical signal 86 following an induced ventricular fibrilla-
tion at time period 88.

[0026] During a normal sinus rhythm, as illustrated in
FIG. 4, red and infrared optical signals 64 and 66 have
some variations, but tend to remain relatively constant
overtime. In contrast, as shownin FIG. 5, red and infrared
optical signal 74 and 76 experience a significant change
in value following a hemodynamically unstable ventricu-
lar fibrillation beginning during time period 78. In partic-
ular, following onset of ventricular fibrillation during time
period 78, red optical signal 74 increases in value and
IR optical signal 76 decreases in value. Of course, if these
signals were directly related to the intensity of the detect-
ed light, these indicator trends would be reversed. As
shown in FIG. 6, red optical signal 84 experiences an
initial decrease following ventricular fibrillation, but then
shortly begins increasing in value, while infrared optical
signal 86 decreases in value. For optical signals inversely
related to incident intensity, a hemodynamically unstable
arrhythmia is uniquely marked by an increase in a red
optical signaland adecrease in an IR optical signal. Thus,
this characteristic may be used by IMD 10 to identify the
occurrence of hemodynamically unstable arrhythmias for
which cardioversion/defibrillation may be required. How-
ever, the optical signals can be degraded by motion of
the patient, which introduces noise and affects the optical
signals. The optical signals generally comprise a rela-
tively small AC portion residing on a relatively large DC
portion. The DC portion of the optical signal contains val-
uable hemodynamic information. The noise introduced
by motion is generally characterized by a high frequency
and a peak-to-peak variation that tends to overwhelm the
AC portion of the optical signal and alters the DC portion.
[0027] FIG. 7 is a flow chart illustrating an algorithm
for use with IMD 10 for detecting a hemodynamically un-
stable arrhythmia. At step 100, a baseline motion level
is determined at a time of relatively low patient move-
ment. This baseline motion level can be determined at a
prescribed time, such as in the middle of the night when
the patient is likely asleep. Alternately, a motion sensor,
such as an accelerometer, can be used to ascertain pe-
riods of relatively low patient movement. The baseline
motion level is determined by analyzing the red and IR
optical signals obtained from optical hemodynamic sen-
sor 24. Step 100 is preferably performed on a periodic
basis, such as on a daily or weekly basis. Alternately, the
baseline motion level may be determined at non-periodic
times which are triggered by the occurrence of an event,
such as by the interrogation by an external programmer
communicatively connected to IMD 10.

[0028] At step 102, the current motion level is deter-
mined. As with the baseline motion level, the current mo-
tion level is determined by analysing the red and IR op-
tical signals. At step 104, the current motion level is com-
pared to the baseline motion level. If the current motion
level exceeds the baseline motion level, it is assumed
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that the optical signals are too unreliable to be used as
a basis for detecting a hemodynamically unstable ar-
rhythmia and the algorithm returns to step 102 to reas-
sess a current motion level. If the current motion level
exceeds the baseline motion level, it is assumed by the
method of the present invention that any meaningful he-
modynamic information contained in the optical signals
has been corrupted by motion artifacts. Further, the pres-
ence of motion is an indicator that the patient is hemo-
dynamically stable, that is, a hemodynamically unstable
arrhythmia is unlikely to be accompanied by significant
motion by the patient.

[0029] If the current motion level does not exceed the
baseline motion level, at step 106 the red and IR optical
signals are evaluated to determine if the optical signals
are consistent with a hemodynamically unstable arrhyth-
mia. As described above, a hemodynamically unstable
arrhythmia is marked by an increase in the red signal
(i.e., a decrease in intensity of the detected red light) and
a decrease in the IR signal (i.e., an increase in the inten-
sity of the detected infrared light). If the signals are in-
consistent with a hemodynamically unstable arrhythmia,
the algorithm returns to step 102 to reassess a current
motion level.

[0030] Insome embodiments of the present invention,
if the signals are consistent with a hemodynamically un-
stable arrhythmia, at step 108, the algorithm notes the
occurrence of the arrhythmia so that IMD 10 may provide
therapy to treat the arrhythmia. In other embodiments,
the algorithm of FIG. 7 is only used to confirm an arrhyth-
mia detection made using conventional methods based
on the electrical function of the patient (i.e., the EGM
signal). In this embodiment, a baseline motion level may
be determined on a periodic basis, but steps 102 - 108
are only executed when IMD 10 detects an arrhythmia
via conventional means.

[0031] FIG. 8is a flowchart illustrating one method for
determining a baseline motion level. The method of FIG.
8 assumes the presence of an analog-to-digital converter
for sampling the red and infrared optical signals and a
running register of size n for storage of n digital samples
each of the red and the infrared optical signals.

[0032] At step 110, the red optical signal and the IR
optical signal are each digitally sampled at time instant
t; and respective digital samples r; and ir; are stored in
the running buffer. After the optical signals are sampled,
time instant t; is incremented. Initially, time instant t; is
set to ty. Step 112 serves to ensure that step 110 is per-
formed n times prior to the method advancing to the next
step.

[0033] Once the running buffer is filled with n samples
r, and ir; of the red and IR optical signals, the method
progresses to step 114 where simple moving averages
Rand IR of optical signals samplesry and ir;, respectively,
are determined from the n samples r; and ir; of the optical
signals. These simple moving averages help smooth the
sampled data and make it easier to spot trends therein.
At step 116. motion indexes are computed for the moving
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averages R and IR determined at step 114. In one em-
bodiment, the motion index of the red optical signal is the
absolute value of the difference between the sample r;
and the moving average R at a time instant t;. In other
embodiments, the motion index may be computed as a
standard deviation over the n sample period. At step 118,
time instantt;isincremented. Step 120 ensures that steps
110 and 118 are performed n+m times prior to advancing
to the next step, where m is an integer variable.

[0034] Atstep 122, a baseline motion level for each of
the red and the IR optical signals is determined as simple
moving averages MR and MyR of m values of the cor-
responding motion indices. The motion index determined
atstep 116 serves to provide information about how wide-
ly the samples are deviating. At a relatively low motion
level, there will be some variation in the samples, but this
variation should be relatively low. When motion is
present, this variation will be substantially larger. As will
be shown in FIG. 9 below, the current motion level of a
patient may be determined via a method similar to the
method of FIG. 8 for determining a baseline level of mo-
tion.

[0035] FIG. 9is a flowchart illustrating one method for
determining a current motion level and analyzing optical
signals obtained from an optical hemodynamic sensor to
detect the presence of a hemodynamically unstable ar-
rhythmia. The method illustrated in FIG. 9 may be a
stand-alone process. Alternately, it may be called to ver-
ify an arrhythmia detection made by another process, for
instance, a conventional EGM analysis. Steps 130-142
illustrated in FIG. 9 are similar to steps 110-122 identified
in FIG. 8. At the initiation of this method, a shock index
Sl is set at zero and a sampling time instant t; is set to t,.
In accordance with this method, upon identifying some
indicators of a hemodynamically unstable arrhythmia, the
shock index Sl is increased. As will be described below,
only when the shock index Sl reaches a shock index
threshold SI_thr does the method report (or confirm) the
presence of an unstable arrhythmia.

[0036] Atstep 130, the red optical signal and the infra-
red optical signal are each digitally sampled at time in-
stant t; and respective digital samples r; and ir; are stored
in the running buffer. After the optical signals are sample,
time instant t; is incremented. Step 132 serves to ensure
that step 130 is performed n times prior to the method
advancing to the next step.

[0037] Once the running buffer is filled with n samples
r;and ir; of the red and infra-red optical signals, the meth-
od progresses to step 134 where simple moving averag-
es R and IR of optical signal samples r; and ir;, respec-
tively, are determined from the n samples r; and ir; of the
optical signals; motion indices are computed for moving
averages R and IR as the absolute value of the difference
between the sample r; (or ir;) and the moving average R
(or IR) at a time instant t;; and time instant t; is increment-
ed. Alternatively the motion indices can also be calculat-
ed as the respective standard deviations of the red and
the infrared samples Step 140 ensures that steps



9 EP 2 001 356 B1 10

130-134 are performed n+m times prior to advancing to
the next step.

[0038] At step 142, a current motion level for each of
the red and the infra-red optical signals is determined as
simple moving averages MR and MR of m values of the
corresponding motion indices. This average motion in-
dex serves to provide information about how widely the
samples are deviating. At a relatively low motion level,
there will be some variation in the samples, but this var-
iation should be relatively small. When motion is present,
this variation will be substantially larger.

[0039] In an alternate embodiment, Steps 134, 140
and 142 may be accomplished by collecting n+m sam-
ples first, followed by a low-pass filtering, where the fil-
tering frequency corresponds to the duration of the n
samples. Deviation of the samples from the low-passed
version of the signals may be used to compute the motion
index. The motion index may be computed as the mean
of absolute deviations, the mean square of deviations, a
standard deviation or a correlation coefficient. An exam-
ple of using the correlation coefficient as a motion index
may be when aleast square linearfitis used as the means
of filtering.

[0040] At step 144, the current motion level MR and
MIR are compared to baseline motion levels MyR and
Mg'R. If the current motion level exceeds a multiple o of
the baseline motion, the method progresses to step 146
where both the shock index Sl and the time instant t; are
reset to ty or zero. These values are reset, or reinitialized,
because the presence of motion calls into question any
previously determined indicators of a hemodynamically
unstable arrhythmia.

[0041] At step 148, the moving averages R and IR of
the samples of the red and infra-rend optical signals are
analyzed to determine if they are consistent with a he-
modynamically unstable arrhythmia. As described
above, an unstable arrhythmia is characterized by a de-
crease in the intensity of the detected red light and an
increase in the intensity of the detected infra-red light.
Using optical hemodynamic sensor 24 illustrated above,
the red and infra-red optical signals are inversely related
to intensity. Thus, at step 148, either a negative slope of
the red moving average R or a positive slope of the infra-
red moving average IR indicates that the patient is not
experiencing a hemodynamically unstable arrhythmia,
and the method progresses to step 146 to reset the shock
index Sl and the time instant t;.

[0042] Conversely, a hemodynamically unstable ar-
rhythmia is indicated if the red moving average R has a
positive slope and the intra-red moving average IR has
a negative slope. Thus, at step 150, the shock index Sl
is incremented. At step 152, the shock index Sl is com-
pared to the shock index threshold SI_thr to determine
whether consistent indicators of a hemodynamically un-
stable arrhythmia have been detected. Only when the
shock index S| exceeds the shock index threshold SI_
thr does the method illustrated in FIG. 9 confirm that a
hemodynamically unstable arrhythmia exists. Alternate
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embodiments may include additional tests for identifying
a hemodynamically unstable arrhythmia. For instance,
the method may require that the slopes of either or both
the red and infra-red optical signals exceed threshold
slopes.

[0043] The methods presented in FIGS. 8 and 9 are
only presented as examples of ways in which the present
invention may be implemented and is not intended to be
limiting, and those skilled in the art will recognize numer-
ous possible variations. The present invention is a med-
ical device that identities a hemodynamically unstable
arrhythmia based upon signals obtained from an optical
hemodynamic sensor. In accordance with the present
invention, the medical device obtains signals from the
optical hemodynamic sensor for a time period corre-
sponding to a low motion period for the patient. These
optical signals are analyzed to determine a baseline mo-
tion level for the patient Subsequent signals obtained
from the optical hemodynamic sensor are compared to
the baseline motion levels, with only those signals cor-
responding to periods where motion does not exceed the
baseline level of motion being further analyzed to deter-
mine if they are consistent with a hemodynamically un-
stable arrhythmia.

[0044] Although the present invention has been de-
scribed with reference to preferred embodiments, work-
ers skilled in the art will recognize that changes may be
made in form and detail without departing from the scope
of the invention.

Claims
1. A medical device (10) comprising:

an optical sensor (24) for transmitting into body
tissue of a patient a plurality of optical signals,
for receiving the plurality of signals as attenuat-
ed by transmission through the body tissue, and
for generating a plurality of corresponding out-
put signals representative of an intensity of the
attenuated signals as received; and

a processor for analyzing the output signals over
an initial time period to assess a baseline level
of motion and for analyzing the output signals
over a subsequent time period to determine
whether a current level of motion exceeds the
baseline level of motion, and wherein when the
current motion level exceeds the baseline mo-
tion level it is assumed that the optical signals
are too unreliable to be used as a basis for de-
tecting a hemodynamically unstable arrhythmia
and wherein when the motion level does not ex-
ceed the baseline level the processor further an-
alyzes the output signals over the subsequent
time period to determine whether the patient is
experiencing a hemodynamically unstable ar-
rhythmia.
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The medical device of claim 1 and further comprising
a therapy delivery system for delivering at least one
ofacardiac pacing, a cardioversion, or a defibrillation
therapy to the patient, wherein the therapy delivery
system delivers at least one of the cardiac pacing,
the cardioversion, or the defibrillation therapies to
the patient if the processor determines that the pa-
tientis experiencing a hemodynamically unstable ar-
rhythmia.

The medical device of claim 1 and further comprising
a sensor for detecting an electrical signal attendant
to the depolarization and repolarization of the pa-
tient’s heart, wherein the processor initially analyzes
the electrical signal to determine if the patient is ex-
periencing an arrhythmia and, if it is determined that
the patient is experiencing an arrhythmia, further an-
alyzes the output signals to determine whether the
patient is experiencing a hemodynamically unstable
arrhythmia.

The medical device of claim 1, wherein the processor
determines a motion level for a time period by cal-
culating a plurality of first moving averages for each
of the output signals over a relevant time period, a
plurality of motion indices indicative of variations of
each output signal and the corresponding first mov-
ing average, and a plurality of second moving aver-
ages for each of the motion indices over the relevant
time period.

The medical device of claim 1, wherein the optical
sensor comprises a first light emitter capable of
transmitting a first optical signal characterized by
a first wavelength and a second light emitter capable
of transmitting a second optical signal character-
ized by a second wavelength different from the first
wavelength.

The medical device of claim 5, wherein the first wave-
lengthisin arange of about 550 nanometers to about
750 nanometers and the second wavelength is in a
range of about 750 nanometers to about 2.5 microm-
eters.

The medical device of claim 6, wherein the sensor
signals comprise a first and a second sensor signal
corresponding to an intensity of a respective one the
first and the second optical signal as received by the
optical hemodynamic sensor, and wherein the proc-
essor determines whether the patient is experienc-
ing a hemodynamically unstable arrhythmia by de-
termining if an intensity of the first sensor signal is
decreasing and an intensity of the second sensor
signal is increasing.

The medical device of claim 1, wherein the medical
device is an implantable medical device.
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Patentanspriiche

1.

Medizinische Vorrichtung (10), mit:

einem optischen Sensor (24), um in Kdrperge-
webe eines Patienten mehrere Lichtsignale zu
senden, umdie mehreren Signale, diedurchden
Durchgang durch das Kérpergewebe gedampft
werden, zu empfangen und um mehrere ent-
sprechende Ausgangssignale zu erzeugen, die
eine Starke der empfangenen gedampften Si-
gnale reprasentieren; und

einem Prozessor, um die Ausgangssignale tGber
eine anfangliche Zeitdauer zu analysieren, um
ein Grundlinienniveau einer Bewegung abzu-
schéatzen, und um die Ausgangssignale Uber ei-
ne nachfolgende Zeitdauer zu analysieren, um
zu bestimmen, ob ein momentanes Bewe-
gungsniveau das Grundlinienniveau der Bewe-
gung Ubersteigt, wobei dann, wenn das momen-
tane Bewegungsniveau das Grundlinien-Bewe-
gungsniveau Ubersteigt, angenommen wird,
dass die optischen Signale zu unzuverlassig
sind, um als Grundlage fir die Detektion einer
hamodynamisch instabilen Arrhythmie verwen-
det zu werden, und wobei dann, wenn das Be-
wegungsniveau das Grundlinienniveau nicht
Ubersteigt, der Prozessor ferner die Ausgangs-
signale Uber die nachfolgende Zeitdauer analy-
siert, um zu bestimmen, ob der Patient eine ha-
modynamisch instabile Arrhythmie erfahrt.

Medizinische Vorrichtung nach Anspruch 1, ferner
mit einem Therapieverabreichungssystem, um dem
Patienten eine Herzschrittmacher- und/oder Kardio-
versions- und/oder Defibrillationstherapie zu verab-
reichen, wobei das Therapieverabreichungssystem
die Herzschrittmacher- und/oder die Kardioversi-
ons- und/oder die Defibrillationstherapie an den Pa-
tienten verabreicht, falls der Prozessor bestimmt,
dass der Patient eine hamodynamisch instabile Ar-
rhythmie erfahrt.

Medizinische Vorrichtung nach Anspruch 1, ferner
mit einem Sensor zum Detektieren eines elektri-
schen Signals, das mit der Depolarisation und mit
der Repolarisation des Patientenherzens einher-
geht, wobei der Prozessor anfangs das elektrische
Signal analysiert, um zu bestimmen, ob der Patient
eine Arrhythmie erfahrt, und dann, wenn bestimmt
wird, dass der Patient eine Arrhythmie erfahrt, ferner
die Ausgangssignale analysiert, um zu bestimmen,
ob der Patient eine hamodynamisch instabile Ar-
rhythmie erfahrt.

Medizinische Vorrichtung nach Anspruch 1, wobei
der Prozessor ein Bewegungsniveau fur eine Zeit-
dauer durch Berechnen mehrerer erster Bewe-
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gungsdurchschnittswerte fur jedes der Ausgangssi-
gnale uber eine relevante Zeitdauer, mehrerer Be-
wegungsindizes, die Veranderungen jedes Aus-
gangssignals und des entsprechenden ersten Be-
wegungsdurchschnittswerts angeben, und mehre-
rer zweiter Bewegungsdurchschnittswerte fir jeden
der Bewegungsindizes Uber die relevante Zeitdauer
bestimmt.

Medizinische Vorrichtung nach Anspruch 1, wobei
der optische Sensor einen ersten Lichtsensor, der
ein erstes Lichtsignal senden kann, das durch eine
erste Wellenlange ausgezeichnet ist, und einen
zweiten Lichtsender, der ein zweites Lichtsignal sen-
den kann, das durch eine von der ersten Wellenlan-
ge verschiedene zweite Wellenlange ausgezeichnet
ist, enthalt.

Medizinische Vorrichtung nach Anspruch 5, wobei
die erste Wellenldnge in einem Bereich von etwa
550 Nanometer bis etwa 750 Nanometer liegt und
die zweite Wellenldnge in einem Bereich von etwa
750 Nanometer bis etwa 2,5 Mikrometer liegt.

Medizinische Vorrichtung nach Anspruch 6, wobei
die Sensorsignale ein erstes und ein zweites Sen-
sorsignal enthalten, die einer Starke des ersten bzw.
des zweiten Lichtsignals entsprechen, die von dem
optischen hamodynamischen Sensor empfangen
werden, und wobei der Prozessor bestimmt, ob der
Patient eine hdamodynamisch instabile Arrhythmie
erfahrt,indem er bestimmt, ob eine Starke des ersten
Sensorsignals abnimmt und eine Starke des zweiten
Sensorsignals zunimmt.

Medizinische Vorrichtung nach Anspruch 1, wobei
die medizinische Vorrichtung eine implantierbare
medizinische Vorrichtung ist.

Revendications

Dispositif médical (10) comportant :

un capteur optique (24) pour transmettre dans
un tissu corporel d’'un patient, une pluralité de
signaux optiques, pour recevoir la pluralité de
signaux sous forme atténuée par la transmis-
sion a travers le tissu corporel, et pour générer
une pluralité de signaux de sortie correspon-
dants représentatifs d’une intensité des signaux
atténués tels que regus ; et

un processeur pour analyser les signaux de sor-
tie surune période de temps initiale pour évaluer
un niveau de mouvement de ligne de base et
pour analyser les signaux de sortie sur une pé-
riode de temps suivante pour déterminer si un
niveau de mouvement actuel dépasse le niveau
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de mouvement de ligne de base, et dans lequel
lorsque le niveau de mouvementactuel dépasse
le niveau de mouvement de ligne de base, on
suppose que les signaux optiques sont égale-
ment peu fiables pour étre utilisés comme une
base pour détecter une arythmie hémodynami-
quement instable, et dans lequel lorsque le ni-
veau de mouvement ne dépasse pas le niveau
de ligne de base, le processeur analyse égale-
ment les signaux de sortie sur la période de
temps suivante pour déterminer si le patient su-
bit une arythmie hémodynamiquementinstable.

Dispositif médical selon la revendication 1 et com-
portant en outre un systeme d’administration de thé-
rapie pour administrer au patient au moins une thé-
rapie parmi une thérapie de stimulation cardiaque,
une thérapie de cardioversion ou une thérapie de
défibrillation, dans lequel le systéme d’administra-
tion de thérapie administre au patient au moins une
thérapie parmi les thérapies de stimulation cardia-
que, de cardioversion ou de défibrillation si le pro-
cesseur détermine que le patient subit une arythmie
hémodynamiquement instable.

Dispositif médical selon la revendication 1 et com-
portant également un capteur pour détecter un signal
électrique découlant de la dépolarisation et de la re-
polarisation du coeur du patient, dans lequel le pro-
cesseur analyse initialement le signal électrique
pour déterminer si le patient subit une arythmie et,
si 'on détermine que le patient subit une arythmie,
analyse également les signaux de sortie pour déter-
miner si le patient subit une arythmie hémodynami-
quement instable.

Dispositif médical selon la revendication 1, dans le-
quel le processeur détermine un niveau de mouve-
ment pendant une période de temps en calculant
une pluralité de premiéres moyennes mobiles pour
chacun des signaux de sortie sur une période de
temps pertinente, une pluralité d’indices de mouve-
ment indicatifs de variations de chaque signal de sor-
tie et la premiére moyenne mobile correspondante,
et une pluralité de secondes moyennes mobiles pour
chacun des indices de mouvement sur la période de
temps pertinente.

Dispositif médical selon la revendication 1, dans le-
quel le capteur optique comporte un premier émet-
teur de lumiere capable de transmettre un premier
signal optique caractérisé par une premiére lon-
gueur d’'onde, et un second émetteur de lumiére ca-
pable de transmettre un second signal optique ca-
ractérisé par une seconde longueur d’onde diffé-
rente de la premiére longueur d’onde.

Dispositif médical selon la revendication 5, dans le-
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quel la premiére longueur d’onde est dans une plage
d’environ 550 nanomeétres a environ 750 nanome-
tres, et la seconde longueur d’onde est dans une
plage d’environ 750 nanometres a environ 2,5 mi-
crometres.

Dispositif médical selon la revendication 6, dans le-
quel les signaux de capteur comportent un premier
et un second signal de capteur correspondant a une
intensité d’'un signal respectif parmi le premier et le
second signal optique tels que regus par le capteur
hémodynamique optique, et dans lequel le proces-
seur détermine si le patient subit une arythmie hé-
modynamiquement instable en déterminant si une
intensité du premier signal de capteur diminue etune
intensité du second signal de capteur augmente.

Dispositif médical selon la revendication 1, le dispo-
sitif médical étant un dispositif médical implantable.

10

15

20

25

30

35

40

45

50

55

16



EP 2 001 356 B1

O S biespp gt
ercsessossiies

sooeves,
soreeeisrrpos,

soroins
erttessay,

-

Hheeressriirer #

st any,,.,

-

ey

S RE R

D
R e,
ey

»
]

g

voresrson,,
POt 02,

LI g 00
e e

“tep,,,

PPN
[

s s 00000 s s

b ressrsosssocs

s
rrotr?t?
o

’
s t??T
v

wort?
(i

Ol ssrr0000000000000000,

s o
Aaaas wcrss i etes.
B POOIIINE N s s 000088925
P
[LOYIEEN S
IO BRIV

FIG. 1

10



R
28

AR

EP 2 001 356 B1

frn
ey
,

&8

&
AR

»

TS
W
o &

Sa

~
N

e,

L
N

oot s

froen vevey

X

R

T

3 s& SYRTIVEEER

1 posnsosinssssessosssorssssh
{
g
H
}

‘&\\‘. S Y

Ranandananass

3.
s

1

Fe

11

Z




EP 2 001 356 B1

]
Lok
b

-~
o
H

Sy
RS
WA

RRV

1
RAGE

-4

e 2
sarerssssrss i ai gy

variays
cnesvrssrsrriiy iy

””’”””“”’"Z“ areen

soves

.,,,.,,,,,;:',_w%’,,,,...

cervervossiiionggveree.

srrsrsrsrsiiiisidgs

R

s0s00000000 00000

e rens
e nARRB Ll e,
O

« P IRRRRARL,
oot ARG

cocartp B

1 2990

. oalt T,

Pt

Raaced Tl

P o ~
paslsd

o

s
oS

B
mmmnniipteii s L
el

OO ereets

POy s
s AR,
100 AR

e PSS T

o RARRRAAL.

15

PO e s0: 28

e PO ARALISS ..:‘m’m,",”
R

st iecd]

B2 soi
o sreseapes

2

o]
7

Ptttoasd

svae

Srsorr

RN T LA A SR8 At N s N N i g et §

AR L A A AR TR i s e

Y
%
y
H
H
7
H
3
H
?
;
s
1
3
b5
3
H
2
;
%
7
4
#
%
‘.
Y
%
%
H
Y
4
4
7
k1
7
H
H
7
7
E:
1
I
5
4
7
<4
4
7
K
3
H
5
Z
4

R

12




EP 2 001 356 B1

4
s
P vy

AR AR AR AR AR

AN AR R AR AR AR AR

AR R RN RN

M

A\,-\\\.\\,\\,\*1;{.\\%.\&\_\

IR
RN

e

RTSRPIRERARES
s

.
REICPNNS

ARy,

RTINS

R
A
NN S

NS o
M NN,

A LN
& PNNRAN N
N ANEN

'Wi\‘“w\\\_w

. s rors I -
ooy, . ”
/‘%‘, 7 ;
? :
P :
%7 2
Zoen, 2
¢ S
Y :
W5 :
k 4 :
ool v .. weaat vwan. P ety ™ s aaaa
; i # P W T
p 3 by 73
A{é il FkadiE %Y

13

NN
5

FIG
RS TR @




EP 2 001 356 B1

Les BT R Low .
3 .y o # s 5%, .., -, .
2 i W S SR G S @ W
s 755 o~ fw RS 72~ o 7. L
e % 57 T - ;L 5 o owr
3 ¥ e Tx owmiem ok - L
%5 %3 3 - 7 PR V) 2 22

P

S
e

~$§,§¢\w‘¥§n RN

N
o

vy

AN ot
ity NN

RN

NNy N

e,

s

P

rrrr. wrrrr

e

5

S / // ;
&/ %/

’%

POV

AR (e e
o AT A A S S A e

Fe v

AT

e

e

RN
W W

ss0,

14

55

P

ssrs

s



EP 2 001 356 B1

SHES

®
e

AN g
ot ha

4&\“
P

MARRRRTRRN

&

CRTRNRIRE R

¥

oy
283

.

551
$3.5

v.\v..

e

15



EP 2 001 356 B1

e |

R R —

Daarsnsiansana:

!t? A

N\V s \ .\\..A\)

P -t

Land W

5] 4.3

e A5 434

) VY A

e $4.3 4 vl

Wl i i

M‘M‘w ] %Nw %
P& bt

°7 3

/ / /

o ax o Wy

\\.\3 .u\.k

G.8

XY
>

FI

16



EP 2 001 356 B1

croers,

T SOV ANNRERINRN

SN
S g“
e NP

g
N
2N

A
A

S N
NG
43R
v
i
»
Wl

{

STh

Sk

3

5}‘\5‘

£

17

v T

.




EP 2 001 356 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 4870968 A [0003] e US 5176137 A[0015]
* US 5431172 A [0004] *+ US 6144866 A [0015]
* US 5368026 A [0005] * US 6198952 A [0015]
* US 4750495 A [0015] * US 6944488 A [0015]

18



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap

ERAXZmAE DFERFRNTREVERENEKE

EP2001356B1 ASIHUN=! 2012-05-16
EP2007758432 HiE A 2007-03-13
EFHRE

EHNRF, INC.

EHH2F , INC.

[#R1 &% BB A BHUNIA SOURAV
OLSON WALTER H
CINBIS CAN
EBHA BHUNIA, SOURAV
OLSON, WALTER H.
CINBIS, CAN
IPCH %S A61B5/00 A61N1/365
CPCH¥%E A61B5/14542 A61B5/1459 A61N1/3621 A61N1/36557 A61N1/3956
£ 5 11/394477 2006-03-31 US
H N FF 3Tk EP2001356A2
SAEREE$E Espacenet
HE(R)
EfF iR E TR MR H2ERSEES IR MR hEFRENOE
KE, RFMRF HFERBREE R, BTELSEENIRETH _

MERTNTE-NETRENX URXRNE  BFFE58—Rg /-
SRKHRNENBEANNNKEES, ERENEEYEE, NX /
SR H Y EBEREAEESHASNALESURERENES |
AT, BAEEOED HEEBERONERESSEEEN KT |
HATHE , AN TFEHTRYBLEHN A PHABORLESHE— |
SHMUBECNRES MR HFTRENOEEE — B,

FIG. 1


https://share-analytics.zhihuiya.com/view/4a7bcf45-69f0-4db3-8960-abad660af486
https://worldwide.espacenet.com/patent/search/family/038326182/publication/EP2001356B1?q=EP2001356B1

