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(57) Abstract: A medical device identifies a
hemodynamically unstable arrhythmia based upon
optical hemodynamic sensor signals. The optical
hemodynamic sensor includes a light source for
transmitting light corresponding to first and second
wavelengths through a blood perfused tissue of a
patient and a light detector for generating optical
signals corresponding to an intensity of the detected
light at the first and second wavelengths. At a low
motion period for the patient, optical signals are
obtained from the optical hemodynamic sensor and
are analyzed to determine a baseline motion level
for the patient. Subsequent signals obtained from
the optical hemodynamic sensor are compared to
i the baseline motion levels, with only those signals
{ corresponding to periods where motion does not
exceed the baseline level of motion being further
analyzed to determine if they are consistent with a
hemodynamically unstable arrhythmia.
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METHOD AND APPARATUS FOR USING AN OPTICAL HEMODYNAMIC
SENSOR TO IDENTIFY AN UNSTABLE ARRHYTHMIA

BACKGROUND OF THE INVENTION

The present invention relates generally to the field of medical devices, and more
particudarly to a medical device capable of 1dentifyving a bemodynamically unstable
arvhythmia based upon signals obtained from an optical hemodynamic sensor.

Medical devices, both internal and external, have long been used to monitor cardiac
activity to detect various tvpes of cardiac arrhythmias and to select and provide an
appropriate therapy based upor the type of arrhythmia detected. Conventionally, such
cardiac arrhythmia detection has been based upon an analysis of one or both of the
electrical and hemodynamic functioning of the heart.

Optical hemodynamic sensors, such as pulse oximeters, have been used in medical
devices to obtain data indicative of the hemodynamic function of the heart, for instance,
by determining blood oxygen saturation levels. Practical applications for optical
hemodynamic sensors, however, have been linuted 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.

BRIEF SUMMARY OF THE INVENTION

The present invention is a medical device having a processor that identifies a
hemodynamically unstable arrhvthmia based upon signals obtained from an optical
hemodynamic sensor.

The optical sensor includes a light source for transmitting a plurality of optical
stgnals into body tissue of a patient and & light detector for receiving the plurality of
signals as attenuated by transmission through the body tissue. The optical sensor further
generates a plurality of corresponding output signals representative of an intensity of the
attenuated signals as received,

The processor analyzes the cutput signals over an initial time period to assess a
baseline level of motion and over a subsequent time period to assess a current fevel of
motion. I the current level of motion does not exceed the baseline level of motion, the

processor analvzes the output signals to determine if they are consistent with a
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hemodynamically unstable arrhythnua,

BRIEE DESCRIPTION OF THE DRAWINGS

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

FIG. 2 15 a diagram of one embodiment of the optical hemodynamic sensor.

FIG. 3 is a functional block diagram of the implantable medical device and optical
hemodynamic sensor.

FIGS. 4-0 are graphs illustrating representative signals obtained from the optical
hemodynamic sensor.

FIGS. 7-9 are flow charts illustrating an algorithm for use in the implantable

medical device for detecting a hemodyramically unstable arrhythmia.

DETAILED DESCRIPTION

The present invention is divected toward a medical device, such as a cardioverter
detibrillator, a pacemaker, or a cardiac monitor, that identifies a hemodynamically
unstable arrhythnua based upon signals obtained 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 recetving the transmitted
stgnals as attenuated by transmission through the tissue, and of generating, for each
transmitied wavelength, signals proportional, either directly or inversely, to an intensity of
the received signals. The medical device of the present invention includes a processor for
analyzing the generated signals to determine whether the signals may have been corrupted
by motion. I the processor determines that motion is not a problem, the controlier further
analvzes the signals to determine if a state exists that is consistent with hemodynamic
1nstability.

FIG. 1 iHustrates implantable medical device (IMD} 10 configured for both
monttoring the function of and delivering therapy to heart H. In FIG. 1, heart H is shown
in a partially cutaway view illustrating right atriom RA, right ventricle RV, {eft ventricle
LV, and coronary sinus CS.

As shown in FIG. 1, IMD 10 13 an implantable cardioverter defibrillator (1CD) that

includes a pulse generator for delivering electrical stimulation to heart H for use in cardiac
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pacing therapies, cardioversion and/or defibrillation. The present invention, however, may
be embodied in any medical device, implantable or external, having a multiple
wavelength, optical hemodynamic sensor electrically connected thereto. Another examaple
of an implantable medical device in which the present invention may be practiced would
be a subcutaneous pacemaker or cardioverier/defibrillator implanted subcutaneously rather
than transvenously.

IMD 10 includes hermetically-sealed housing 12, connector block assembly 14,
right atrial (RA) lead 106, nght ventricular (RV) lead 18, left ventricular (1. V) fead 20, and
optical hemodynamic sensor lead 22, IMD 10 further includes circuitry and & 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
conrector block assembly 14, A can electrode 1s formed on or 1s 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

Leads 16, 18, and 20 extend from connector block asserably 14 to night atnum RA,
right ventricle RV, and coronary sinus CS adjacent left ventricle LV, respectively, of heart
H. Leads 16, 18, and 20 each camry one or more sensorsfelectrodes for sensing electrical
signals, such as electrogram (EGM) signals, attendant to the depolanzation and
repolarization of beart 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 typieally delivered between a combination of
electrodes carried on RA and RV leads 16 and 18 and the can electrode,

Lead 22 extends from connector block assembly 14 to optical hemodynamic sensor
24, which 1s extravascularly-umplanted — typically subcutaneously or submuscularty —at a
desired location of patient P, In alternate implantable embodiments, optical hemodynamic
sensor 24 may be formed on or in bousing 12 of IMID 10 or may be casried by a lead from
IMD 10 Into a chamber of heart H or inte a blood vessel. In non-umplantable
embodiments, a nomnvasive optical hemodynamic sensor intended for use with a fleshy
appendage, such as a finger or an eartobe, or the surface of the shin may be used.

Optical hemodynamie sensor 24 13 preferably a multiple waveform pulse oximeter. Pulse
oximeters are well known sensors commondy used with various medical devices, both

implantable and external. For example, some applications of pulse oximeters are
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disclosed m commonly assigned ULS. Patent Nos. 4,750,498, 5,176,137, 6,144,866,
6,198,952, or 6,944 488 to Medtronic, Inc.

Generally, pulse oximeters include a light source for enutting light through a blood
perfused tissue of patient P and a light detector for generating a signal representative of an
intensity of hght fransmutted 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 1s selected to £3]] in the red part of the visible
light spectrum and the infrared (IR) portion of the light spectrum. The light transmitted
through the blood perfused tissue or bloodstream and received by the light detector s
generally representative of hemodynamic function.

FIG. 2 iHlustrates one embodiment of optical hemodynamic sensor 24, which
includes red light emitting diode (LED) 26, infrared (IR} LED 2§, photodiode 30, and
optical barrier 32, all of which ave positioned within sensor housing 34 having lens 36, In
the embodintent shown in FIG. 2, LEDs 26 and 28 and photodiode 30 are each mounted
on substrate 37, or a bottom surtace of housing 34, As indicated by arrows 38, red and IR
LEDs 26 and 28 are configured to enut light through lens 36 of housing 34, while, as
indicated by arrows 39, photodiode 30 15 configured to detect light received through lens
36. Optical barrier 32 is posttioned to block direct transmission of hight from LEDs 26 and
28 to photodiode 3G

In this embodiment, optical hemodynamic sensor preferably i1s subcutaneously
implanted within patient P such that lens 30 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 embodiments, LEDs 26 and 28
may be positioned on an opposite side of the blood perfused tissue as photodiode 30, This
later embodiment 1s commonly referved to as the transmission 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,

Red LED 26 preferably emits light in the red portion of the visible light spectrum,
while IR LED 28 preferably 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 tor producing at least two different wavelengths ot hight. Photodiode 30
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preferably recerves tight transmitted by LEDs 26 and 28, with an mtensity of the signal
received by photodiode 30 being indicative of hemodynamue function. For instance,
oxygen saturation of the blood can be derived from an output of photodiode 30.

FIG. 315 a functional block diagram of the circuitry located within IMD 10 and
within optical hemodynamic sensor 24, IMD 10 includes microprocessor circuitry 40,
memory 42, inpui processing circuit 44, therapy delivery system 46, LED control circuitry
48, and photodiode signal processing circuitry 50, Although not shown in FIG. 3, IMD 10
further includes, among other elements, a battery for supplying power to the electronic
components of TMD 10, clock circuitry for controlling timing, and telemetry circuitry to
allow for communication between IMD 10 and a remote or external device, suchas a
programmer. Microprocessor 40 controls the functions of IMD 10 by executing fumware
and program software algorithins stored in associated memory 42, such as ROM or RAM.
Input signal processing circuit 44 receives signals from RA lead 16, RV {ead 18, and LV
lead 20. The outputs of input signal processing circuit 44 include digitized EGM
waveforms and sense event signals dertved from EGM signals sensed by leads 16, 18, and
20, Input signal processing circuit 44 can be implemented with analog circuitey or with a
digital signal processor.

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 pulses is controlled
in part by the selection of programmable pacing intervals, which can include atrial-atrial
{A-A), atrial-ventricular (A-V), and ventricular-ventricular (VV) intervals. Therapy
delivery system 46 also includes circuitry for delivering cardioversion/defibrillation
therapy.

LED control circuttry 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 IR LEDs 26 and 28 is emitting light at
a time. In one control scheme, red and IR LEDs 26 and 28 are maintained in an on state as
a function of the refative amounts of red and infrared light transmitted through the blood,
photodiode 30 will contam both mformation about the intensity of both the red and IR
light transmitted through the blood perfused tissue. Thus, photodiode signal processor 50,

fory

ander the control of microprocessor 40, demodulates the two signals and otherwise
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processes the signals as needed for use by microprocessor 40,

The functional block diagram tHustrated in FIG. 3 1s intended to be merely an
example and corresponds only to a general functional organization of most preseatly
available IMDs. Each of these functional elements may be combined into a single element
or further divided into additional elements. Additionally, certain components may be
relocated. For instance, LED contro] cireuttry 48 and photodiode signal processor 30 may
form a portion of optical hemodynamic sensor 24,

FIGS. 4-6 are graphs dlustrating 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 artenial pressure signal, a red optical signal and an wfrared
optical signal as a function of time. The ECG signal may be obtained from electrical
sensors cartied by one of the leads 16, 18, and 20, The pressure signal may be obtained
from any of plurality of conventional means, including a pressure sensor focated 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 1s tnversely proportional to the intensity of the
detected hght.

FIG. 4 presents ECG signal 60, arterial pressure signal 62, red optical signal 64,
and IR optical signal 66 for a normal sinus thythm. FIG. 5 presents ECG signal 70,
arterial pressure signal 72, red optical signal 74, and infrared optical signal 76 following
an induced ventricular fibrillation inttiated during 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 fibrillation at time period 88,

During a normal sinus rhythm, as Ulustrated in ¥F1G. 4, red and infrared optical
stgnals 04 and 66 have some variations, but tend to remain relatively constant over time.
In contrast, as shown in FIG. S, red and infrarved optical signals 74 and 76 experience a
significant change in value following a hemodynamically unstable ventricular fibrillation
beginning during time period 78, In particular, following onset of ventricular fibrillation
during time period 78, red optical signal 74 increases in value and IR optical signal 76
decreases in vatue. Of course, if these signals were directly velated to the intensity of the
detected hght, these mdicator trends would be reversed. As shown o FIG. 6, red optical

signal 84 experiences an imitial decrease following ventricular fibrillation, but then shortly
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hegins imcreasing in value, while 1nfrared optical signal 86 decreases o value.

For optical signals inversely related to incident intensity, a hemodynamically unstable
arrhythmia is uniquely marked by an increase in a red optical signal and a decrease in an
IR optical signal. Thus, this characteristic may be used by IMI} 10 to identify the
occurrence of hemodynamically unstable arrhythmias for which
cardioversion/defibriflation may be required. However, the optical signals can be
degraded by maotion of the patient, which introduces noise and affects the optical signals.
The optical signals generally comprise a relatively small AC portion residing on a
relatively large DC portion. The DC portion of the optical signal contains valuable
hemodynamic information. The noise introduced by motion 1s generally characterized by
a high frequency and a peak-to-peak variation that tends to overwhelm the AC portion of
the optical signal and abters the DC portion.

FIG. 7 1s a flow chart ilustrating an algorithm for use with IMD 10 for detecting a
hemodynamically unstable arrhvthnmia, At step 100, 4 baseline motion level s determined
at a time of relatively low patient movement. This baseline motion level can be
determined at a prescribed time, such as in the nuddle of the night when the patient is
likely asleep. Alternately, a motion sensor, such as av accelerometer, can be used to
ascertain periods of relatively low patient movement. The baseline motion level 15
determined by analyzing the red and IR optical signals obtained from optical
hemodynamic sensor 24, Step 109 is preferably performed on a periodic basts, 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.

At step 102, the current motion tevel is determined. As with the baseline motion
level, the current motion level is determined by analvzing the red and IR optical signals.
Al step 104, the current motion level 1y compared to the baseline motion level, [ the
current motion level exceeds the baseline motion level, it is assumed that the optical
signals are too unreliable to be used as 4 basis for detecting a hemodynamically unstable
arrhythmia and the algorithm returns to step 102 fo reassess a current motion level. If the
current motion level exceeds the baseline motion level, 1t 15 assumed by the method of the
present invention that any meaningful hemodynamic information contatned n the optical

signals has beenr corrupted by motion artifacts. Further, the presence of motion is an
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indicator that the patient is hbemodynamically stable; that is, a hemodynamically unstable
arrhythmia is unlikely to be accompanied by significant motion by the patient.

If the current motion level does not exceed the baseline motion tevel, at step 106
the red and IR optical signals are evaluated to determine if the optical signals are
consistent with a hemodynamically unstable arthythmia. As described above, a
hemodynamically unstable arrhythmia 1s marked by an increase in the red signal (1.e., a
decrease in intensity of the detected red light) and a decrease in the IR signal (i.e., an
increase in the intensity of the detected infrared light). 1f the signals are inconsistent with
a hemodynamically unstable arrhythmia, the algorithm returns to step 102 to reassess a
current motion level.

In soine embodiments of the present invention, if the signals are consistent with a
hemodynamically unstable archythimia, at step 108, the algorithimn 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 arrhythmia detection
made using conventional methods based on the electrical function of the patient {i.e., the
EGM signal). In this embodiment, a basehue motion level may be determined on a
periodic basis, but steps 102 — 108 ave only executed when IMD 10 detects an arthythmia
via conventional means.

FIG. 815 a flowchart illustrating one method for determining a basehine motion
level. The method of FIG. 8 assumes the presence of an analog-to-digital converter for
sampling the red and infraved optical signals and a running register of size n for storage of
n digital samples each of the red and the infrared optical signals.

At step 110, the red optical signal and the IR optical signal are each digitally sampled at
time instant 4 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
t1s set to to. Step 112 serves {o ensure that step 110 18 performed n times prior to the
method advancing to the next step.

Once the running buffer s filled with n samples 5 and i of the red and IR optical
signals, the method progresses to step 114 where simple moving averages R and IR of
optical signals samples r; and in;, respectively, are determined from the n samples v; and ir;
of the optical signals. These simple moving averages help smooth the sampled data and

make it casier to spot trends therein. At step 116, motion indexes are computed for the
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moving averages R and IR determined at step 114, In one embodiment, the motion mdex
of the red optical signal is the absolute value of the difference between the sample 1 and
the moving average R at a time instant ;. In other embodiments, the motion index may be
computed as a standard deviation over the n sample period. At step 118, time instant  is
incremented. Step 120 ensures that steps 110 and 118 are performed ntm fimes prior to
advancing to the next step, where m is an integer variable.

At step 122, a baseline motion level for each of the red and the IR optical signals is
determined as simple moving averages My, and Ma™ of m values of the corresponding
motion indices. The motion index determined at step 116 serves to provide information
about how widely the samples are deviating. Af a relatively low motion level, there will
be some vartation in the samples, but this vanation should be relatively low. When
motion 1s 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. & for determining a baseline level of motion.

FIG. 915 a flowchart dlustrating one method for determining a current motion level
and analvzing optical signals obtained from an optical hemodynamic sensor to detect the
presence of a hemodyvamically unstable arrhythmia, The method ilustrated in FIG. 9
may be a stand-alone process. Alternately, it mav be called to venty an arrhvthmia
detection made by another process, for instance, a conventional EGM analysis. Steps 130-
142 iHustrated in FIG. 9 are similar to steps 110-122 identified in FIG. & At the initiation
of this method, a shock index S11s set at zero and a sampling time instant ¢ is setto fo. In
accordance with this method, upon identifying some indicators of a hemodynamically
unstable arrhythmia, the shock index SHis increased. As will be described below, only
when the shock index S1 reaches a shock index threshold S1_thr does the method report (or
confirm} the presence of an ynstable arrhythmia.

At step 130, the red optical signal and the infra-red optical signal are each digitally
sampled at ime instant § and respective digital samples r and i are stored in the running
butter, After the optical signals are sampled, time instant t is wcremented. Step 132
serves to ensure that step 130 1s performed u times prior to the method advancing to the
next step.

Once the runmng bufter is filled with n samples r; and ir; of the red and 1afra-red

optical signals, the method progresses to step 134 where simple moving averages R and IR
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of optical signal samples ry and 11y, respectively, are determined from the n samples rand
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 1 {or i) and the moving average R
{or IR} at a time nstant & and tume instant 4 is incremented. Alternatively the motion
indices can also be calculated as the respective standard deviations of the red and the infra-
red samples. Step 140 ensures that steps 130-134 are performed n+m times prior to
advancing to the next step.

At step 142, a current motion level for each of the red and the infra-red optical
signals is determined as simple moving averages M" and M™ of m values of the
corresponding motion mdices. This average motion mdex serves to provide wformation
about how widely the samples are deviating, At a relatively low motion fevel, there will
be some vartation 1 the samples, but this vanation should be relatively small. When
motion is present, this variation will be substantially larger.

In an alternate embodiment, Steps 134, 140 and 142 may be accomplished by
collecting n+m samples first, followed by a low-pass filtering, where the filtering
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 & correlation coefficient. An example of using the correlation
coefficient as a motion index may be when a least square linear fit is used as the means of
filtening.

At step 144, the current motion level M® and M™ are compared to baseline motion
levels MUR and Mgm_ H the current motion level exceeds a multiple o of the baseline
motion, the method progresses to step 146 where both the shock index SEand the time
instant t; are reset to &y or zero, These values are resel, or reinitialized, because the
presence of motion calls into guestion any previously determined indicators of a
hemodynamically unstable arrhythmia.

At step 148, the moving averages R and IR of the samples of the red and infra-red
optical signals are analyzed 1o determine if they are consistent with a hemodynamically
unstable arrhythmia, As desceribed above, an unstable arrhythmia is characterized by a
decrease 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 llustrated above, the red
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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 1s not experiencing a hemodynamically unstable
arrhythmia and the method progresses to step 140 to reset the shock tndex ST and the time
instant t;.

Conversely, a hemodynamically unstable archythmia is indicated if the red moving
average R has a positive slope and the infra-red moving average IR has a negative slope.
Thus, at step 150, the shock index S11s incremented. At step 152, the shock index ST is
compared to the shock index threshold SI thr to determine whether consistent indicators
of a hemodynamically unstable arrhythmia have been detected. Only when the shock
index ST exceeds the shock index threshold ST thr does the method illustrated in FIG. 9
coufirm that a hemodynamically unstable arrhythnua exists. Alternate 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.

The methods presemted in FIGS. 8 and 9 are only presented as examples of ways in
which the present invention may be implemented and 1s not intended to be bimiting, and
those skilled in the art will recognize numerous possible variations. The present invention
is a medical device that identifies a hemodynamically unstable arthythmia based upon
stgnals obtained from an optical hemodynamic sensor. In accordance with the present
invention, the medical device obfains signals from the optical hemodynamic sensor for a
time period corresponding to a low motion period for the patient. These optical signals are
analyzed to determine a baseline motion level for the patient. Subsequent signals obtained
from the optical hemodynamic sensor are compared to the baseline motion levels, with
only those signals corresponding to periods where motion does not exceed the baseline
level of motion being further analyzed to determine if they are consistent with a
hemodynamically unstable arrhvthmia,

Although the present invention has been described with reference to preferred
embodiments, workers skitled in the art will recognize that changes may be made in form

and detail without departing from the spint and scope of the invention.
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CLAIMS

i, A medical device comprising:

an optical sensor for transmitting into body tissue of & patient a plurality of optical signals,
receiving the plurality of signals as attenuated by fransmission through the body tissue,
and generating a plurality of corresponding output signals representative of an intensity of
the attenuated signals as received; and

a processor for analvzing the output signals over an initial time period to assess a baseline
level of motion and analyzing the output signals over a subsequent time period to

determine whether a current level of motion exceeds the baseline level of motion.

2. The medical device of claim 1, wherein the processor further analyzes the cutput
stgnals over the subsequent time period to deternune whether the patient 1s experniencing a

hemodynamically unstable arrhythona.

3. The medical device of claim 2 and further comprising a therapy delivery system
for delivering at {east one of a cardiac pacing, a cardioversion, or a defibriliation therapy
to the patient, wherein the therapy deltvery system delivers at feast one of the cardiac
pacing, the cardioversion, or the defibrillation therapies to the patient if the processor

determines that the palient is experiencing a hemodynamically unstable arrhythmia.

4. The medical device of clanm 1 and further comprising a sensor for detecting an
electrical signal attendant to the depolarization and repolanzation of the patient’s heart,
wherein the processor initiallv analyzes the electrical signal to determine if the patient is
experiencing an arrhythmia and, if'it is determined that the patient is experiencing an
arthythmia, further analyzes the output signals to determine whether the patient is

experiencing a hemodynamically unstable arrhythmia,

5 The medical device of claim 1, wherein the processor determines a motion level
for a time period by caleulating a plurality of first moving averages for each of the output
signals over a relevant ime period, a plurality of motion indices indicative of variations of
each output signal and the corresponding first moving average, and a plurality of second

moving averages for each of the motion indices over the relevant time pertod.
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6. 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 emutter capable of transmitting a second optical signal characterized by a

second wavelength different from the first wavelength.

7. The medical device of claim 6, wherein the first wavelength is in a range of about
550 nanometers to about 750 nanometers and the second wavelength is in a range of about

750 nanometers to about 2.5 micrometers.

& The medical device of claim 7, 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
processor determines whether the patient is experiencing a hemodynamically unstable
arrhythmia by determining if an intensity of the first sensor signal is decreasing and an

wtensity of the second sensor signal 18 increasing,

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

medical device.

0. A medical device comprising:

an optical hemodynamic sensor for producing sensor signals indicative of hemodyaamic
function of a patient;

a processor for determining from the sensor signals whether the sensor signals are corrupt
sensor signals due to patient motion or yneorrupt sensor signals, and for determining

whether the patient is experiencing a hemodynamically unstable arrhythmia based upon

the uncorrupt sensor signals.

tl. The medical device of claim 10 and further comprising a therapy delivery svstem
for delivering at feast one of a cardiac pacing, a cardioversion, or a defibriliation therapy
to the patient, wherein the therapy deltvery system delivers at least one of the cardiac

pacing, the cardioversion, or the defibrillation therapies to the patient if the processor
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deterroines that the patient 15 experiencing a hemodynamically unstable arrhythmia.

i2. The medical device of claim 10, wherein the optical hemodynamic sensor
comprises a light source for emmtting Hght signals corresponding to at least two

wavelengths,

13, The medical device of claim 10, wherein the sensor signals correspond to an
intensity of fight signals corresponding to at least two wavelengths as attenuated by
transmission through body tissue, and wherein the processor determines if the patient is
experiencing & hemodynamically unstable arrhythnia based upon a slope of each sensor

signal.

4. A method for detecting an unstable arrhythmia in a patient, the method comprising:
obtaiming sensor signals from an optical hemodynramic sensor, wherein the sensor ignals
are indicative of a hemodynamic function of the patient;

determining from an initial pertod of the sensor signals a baseline motion level of the
patient,

determinming from a subsequent period of the sensor signals a current motion level of the
patient; and

analyzing the sensor signals if the current motion level does not exceed the baseline
motion level to determine whether the patient is experiencing a hemodynamically unstable

arrhythmia.

15, The method of claim 14 and further comprising:
delivering at least one of g cardiac pacing, a cardioversion, or g defibrillation therapy to
the patient 1f 1t is determined that the patient 1s experiencing a hemodynamically anstable

arrhythmia.

16, The method of claim 14, wherein obtaining sensor signals from the optical
hemodynamic sensor comprises:
transmitting into body tissue of the patient a first optical signal characterized by a first

wavelength and a secoud optical signal characterized by a secoud wavelength different
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than the first wavelength;

receiving the first and second signals as attenuated by transmission through the body
tissue; and

generating a first and a second sensor signal, each of the first and second sensor signals

being representative of an intensity of the attenuated signals as received.

17, The method of claim 16, wherein the first wavelength corresponds to red visible

light spectrum and the second wavelength corresponds fo infrared hight.

18, The method of claim 17, wherein analyzing the sensor sigrals to deternmune
whether the patient is experiencing a hemodynamically unstable archythinia comprises:
determiming whether an intensity of the first attenuated signal 1s decreasing; and

determining whether an intensity of the second attenuated signal is increasing.

19, The method of claim 14, wherein determining from the initial period of the sensor
signials the baseline motion level of the patient comprises:

determining a plurality of first moving averages tor each of the sensor signals over the
initial time period;

determining a plurality of motion mdices indicative of variations of each sensor signal and
the corresponding first moving average; and

determining a plurality of second moving averages for each of the motion indices over the

initial time period.

20.  The method of claim 14, wherein determining from the subsequent period of the
sensor signals the baseline motion level of the patient comprises:

determining a plurality of first moving averages for each of the sensor signals over the
subsequent time periad;

determining a plarality of motion indices indicative of variations of each sensor signal and
its corresponding first moving average; and

determining a plurality of second moving averages for each of the motion indices over the

subsequent time pertod.



PCT/US2007/063880

WO 2007/117839

s

rr gl
L LT e LRI,
BAISIe00s er
\\‘\ s §§£ o,

PSR4,
e m\\\\.wuw\«e%\w\.w i
7 R ) R,
"o, LA 5 o
i Ll W o
g Ko

e

ey

e
A
e

P

ssmvesA et ALt
s

ponrts
trrrrrrra, s PEEACIEL
B es st

e
i P

s,
SOOI R 1000000000000

rrrs e, s
e s, S




PCT/US2007/063880

WO 2007/117839

A
P ]
Wng § \“
/ 4
7 ¥ L
£, \\M 7 : 55% m\\\&\@
} P E
% b %, 15 3 44
s e g Y
g T o rans . %, N
5 [ [ ety vy bty
% b Vu\ H et
p27 naih
M@\QW\\M oot s
B g ksidesecsssesissusssslpsssnsissnsssos s tesei sesesasseasse: g4
; \&i\@ .
E %
' #i
L :
Wi, ]
H
H
H
g m ““““““““ %
ok 4
% S5, 50 1E 1T e
4 P
4
i &
yi gl
; s %
G e (=25
1 A5
e Lisasssorergsrprorrsih  bensmenes ;
= 3 P
N e ‘., o ‘
e i Y H g
H >4 F "o
i ki
: i
- B i
G, \o\w\ osocsossocossssessnsesessel 154
"t e, 2 TS &4 A
- y
y
"
[s4] A% i
” o s
5% By s oo .
g
gt
LITh Rifererssssecossssseorssssrcorssseressassnnenans s s
i
\\\\& “““““




WO 2007/117839 PCT/US2007/063880

% £ [ 4

- Y R o

bt =t L2 Gk

e Z Cas 3

k<5 7

2 g aerk s

i e
o L s s s
. et BT %

R S b0 0 0 “
952225

iy

L5
iy

%

e

%

s
robeseresr it

5 k
P
£ e Z
, -;,,;Wf,ﬁ;%;% s %/////////
cooersiiti B e
T W
prrsn i B RIIAIAE X *,
R s N T I %
) s A s e 47
. 22 ;
s ‘;
oo ne BB ;
gl z
st rdy 'Zg .,
- &‘,, Ko
oo %,
srverceeceli M, 3
7,
PO s £
L e N %
s PO i) %

A

A e r
el sk
s

rerecocnsitizice

» e n e AT
S

R oacimncsssos i ;
reococnititite s T Z

S

R s o s N
S

vy

RN TR
- SR SN SR RPN
A R i g R I e T R N P T gt I TN N s e el

PRy
By

W,

s b

. E

E

‘6

7

‘.

"

7

$

A

%

A

s

st 7

coceroers e e s,

Wi i
Py 755

7 7

3

%

et

7

b

F4

7

7

7

sreiag

AN oo,
2z JPPps

PV

E
E4
£3
B
s
]
5
]
%
3
7
2z
Y
[
7
4

soesnappinisescs A
corconnnpiE ST

RUSTIIVS.

conrrreg
s,
- reif

oo Al

st

S

RO

e
e

&

£
Fa




WO 2007/117839 PCT/US2007/063880

e
SHEONY

PR

AR

B N

SSERRREERSNR

s

RSt

:
i
p H
‘ 7
7 2
H
v 7
: 7
: Z
Y 3
:
:
! ;
%
: Z 5
; %
i

B

AR
AR

R e
NI i
DRI

e

B

AR AR A

“\i‘-\\'\\

L0 N .
:
H
z
y:
z
l; 5
g4,
255
Sl




WO 2007/117839 PCT/US2007/063880

= s
5% A
DG

f zaeerey Vo oy -
%5 b i
«}?‘é YUk vﬁ'}! %
e %% i P R e
o B Z o BN 37 4] % 2l
e 2 H Gl iy 5 Tt 3
s Pao Wy 5 a7 oy AR
L 7% S b b “ Fi. e uy
H
7
5
% *
7 4
oot ’
# a S
%
" % % %
5 . 5 p i
E Ly ;
%! i %

J

H
2

R WURAT SR SR

NN A

P

¢

N

s

rnsd

NN R
= N

™,

s,

iy
ey

3 . /;W
¥ .

o]




PCT/US2007/063880

WO 2007/117839

B3 TROEET
TR
ATk

3
T

o,

i

I
bR
e TR

AR AR AR AR R

o

TR
RMY TN

NG
N3

-

ER &

-
§°°“



PCT/US2007/063880

WO 2007/117839

o
w@\“““““““\\“\w

S

e

Rl

ey

e

o

Nt
b
42

¥

iR “Hy

et
R

e




PCT/US2007/063880

WO 2007/117839

o

S i

oo

JREN.-
Y
PR

RS A R bbbt et

ot

N
8

B

wq&-m““\“\\“m““w.u.“

25 7 .“...




THMBW(EF)

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

HAT R E (TR AGE)

ERAXZmAE D FERFANFTREVRREN S ENRE

EP2001356A2
EP2007758432
e PN
XEAHRF, INC.

EHH2F , INC.

[#R1& B8 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 EP2001356B1

SAEREE$E Espacenet

HE(R)

EriR & E T RF MRS HFEBEBRES R MR HFTREMNOE
K&, KFMRIDFERBB[DE R, ATELEENMRETA
LA N T8 —ME R ARz ATFEEE—NE
TR KN EERN NN KFES, ERENRSIESH , WX
FMRNDFEBRREAFEEH AT AFZEEUBERENEL
BEKF. FNEZMRS) HZEBFRENFEESSELEZFH KT
HATER , NN TiEs) T B ELE 5 K FH9 AR AR LE S —
FoMUBECTNEEENRDDZFTFRENVERE -

patsnap

2008-12-17

2007-03-13


https://share-analytics.zhihuiya.com/view/32a8b011-8cee-455d-aada-441404ad08c8
https://worldwide.espacenet.com/patent/search/family/038326182/publication/EP2001356A2?q=EP2001356A2

