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(54) Title: DETECTING HEART FAILURE USING IMPEDANCE VECTOR SWITCHING

(57) Abstract: Devices and methods for detecting
physiological target event such as events indicative of
heart failure (HF) decompensation status are described.
An ambulatory medical device (AMD) can detect device
site maturation such as in a device encapsulation pocket,
and classify the maturation status into one of two or
more device site maturation states. The AMD can in-
clude an electrical impedance analyzer circuit that can
measure a first maturation-insensitive impedance vector
and a second maturation-sensitive impedance vector. At
least one impedance vector can be selected or a compos-

ite impedance vector can be generated in accordance
with the classified device site maturation state. The
AMD can generate an impedance indicator using the se-
lected or composite impedance vector, and detect a tar-
get physiologic event indicative of worsening ot HF us-
ing the impedance indicator.
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DETECTING HEART FAILURE USING IMPEDANCE VECTOR

SWITCHING
5
CLAIM OF PRIORITY
{6061 This application claims the benefit of priority under 35 US.C. §
119{e}) of U.8. Provisional Patent Apphication Serial Number 61/891,130, filed
on October 13, 2013, which is herein incorporated by reference in its entirety.
10
TECHNICAL FIELD
{0062] This document relates generally to medical devices, and more
particularly, to systems, devices and methods for detecting and montioring
events indicative of worsening of heart failure.
15
BACKGROUND
{3063 Congestive heart fatlure (CHF) is a major health problem and

affects over five million people in the United States alone. CHF patients
typically have enlarged heart with weakened cardiac rouscles, resulting in poor
20 cardiac output of blood. Elevated pulmonary vascular pressures can cause fluid
accumulation in the lungs over tivoe. In many CHF patients, fluid accuroulation
precedes episodes of heart faiture (HF) decompensation. The HF
decompensation can be characterized by pulmouary or peripheral edema,
reduced cardiac output, and symptoms such as fatigue, shortness of breath and

the like.

[ )
(92

OVERVIEW

{6084 Frequent monttoring of CHF patients and timely detection of
intrathoracic fluid accumulation or other events indicative of HF

30 decompensation status can help prevent worsening of HEF in CHEF paticuts, hence
recducing cost associated with HF hospitalization.
{6005 Ambulatory medical devices can be used for monitoring HF
patient and detecting HF decompensation events. Examples of such ambulatory
redical devices can inchude implantable medical devices (IMD), subcutancous
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medical devices, wearable medical devices or other external medical devices.
The ambulatory or implantable medical devices can inchude physiologic sensors
which can be configured to scuse electrical activity and mechanical function of
the heart, and the medical device can optionally deliver therapy such as electrical
stinmulation pulses to a target area, such as to restore or improve the cardiac
function. Sorne of these devices can provide diagnostic features, such as using
transthoracic impedance or other sensor signals. For example, fluid accumulation
in the lungs decreases the transthoracic impedance due to the lower resistivity of
the fluid than air in the lungs.

{6306] Desirable performance of a method or a device for detecting HF
decompensation can include one or more of a high sensitivity, a high specificity,
or a high positive predictive value (PPV). The scusitivity can represent a
percentage of actual HF decompensation episodes that are correctly recognized
by a detection rocthod. The specificity can represent a percentage of actual non-
HF decompensation episodes that are correctly recognized as non-HF
decompensation cvents by the detection method. The PPV can represent a
percentage of the detected HF decompensation episodes, as declared by the
detection method, which are actual HF decompensation events. A high
sensitivity can help ensure timely intervention to a patient with an impending HF
decompensation cpisode, whereas a high specificity and a high PPV can help
avoid unpccessary intervention and added healtheare cost due to false alatms.
{80671 HF decompensation detection may be affected by a number of
factors 1ncluding the choice of physiologic sensors or physiologic signals. For
example, a detector using a particular seusor signal may provide desirable
accuracy i HF decompensation cvent detection in one pationt but less sensitive
or less specific in another patient. Additionally, the performance of a detector
using one type of sensor signal may change over tirae due to patient’s disease
progression or development of a new medical condition. An example of such a
patient discase or condition includes maturation of device-tissue interface, such
as a surgically created device pocket that encapsulates au froplantable medical
device, or an interface between an implantable lead and tissues adjacentto a
portion of the lead, including one or yoore electrodes along or on an end of the
icad. During an acute phase following implantation of a medical device such as
an implantable cardiac pacemaker or defibrillator, the electrodes or the device
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housing are subject to on-going tissuc encapsulation around the electrodes or the
device housing. When the lead electrodes and the device housing are used for
sensing clectrograms or other physiological signals such as intrathoracic or
intracardiac impedance, the tissue encapsulation and the maturation status of the
device pocket may affect the impedance signals or other physiclogical signals
sensed from the electrodes and the device housing. This may render anreliable
detection of target physiologic event such as pulmonary edema or prediction of
an irapending HF decorapensation event. That is, physiclogical signals that are
sensitive to device site maturation may cause undesired false positive detections
of target events indicative of worsening of HF.

(G408 The device site maturation can sustain for a long duration. For
example, device encapsulation pocket maturation can last up to six months
following the device umplant or procedures that revise the pocket. The duration
of maturation process and the magnitude of impact on the sensed physiologic
signals (such as thoracic impedance chronically measured using the implantable
device) may vary greatly among pationts. During the post-implant acute phase,
patients’ health conditions can be unstable and are more vulnerable to events
such as HF decompensation. As such, it may not be clinically acceptable to
ignore the irnpedance or other physiologic signals during the acute phase and
initiate the HF decompensation detection only when the physiologic signals
become stabilized several weeks or months following the implant or device
pocket revision. Therefore, the present inventors have recognized that there
remains a considerable need for improving HF decompensation events detection
in CHF patients particularty during the acute phase before the device site
completely matures and becormes stabilized.

18369 Various embodiments described herein can help improve the
detection of target physiologic events such as events imdicative of worsening of
¥ or HF decorpeunsation status. For example, an ambulatory medical device
{AMD}, such as an implantable or a wearable medical device, can detect an HF
decompensation event, such as using an impedance indicator in accordance with
the status of the device site maturation. The AMD can include an electrical
impedance analyzer circuit capable of measuring from a patient first and second
impedance vectors, such as thoracic impedance vectors. The first impedance
vector can have a lower predicted scusitivity to the deviee site maturation than

~
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the sceond impedance vector. An impedance vector selector circuit can sclect at
least one impedance vector from the first and the second impedance vectors
using information correlative to an indication of the device site maturation, or
generate a composite impedance vector using the first and the second impedance
vectors. An impedance indicator generator circuit can generate an immpedance
indicator indicative of a target physiologic event using the selected at least one
impedance vector, or the composite impedance vector. The medical device can
include a physiologic event detector circuit configured to detect the target
physiologic event such as an HF decompensation event using the impedance
indicator,

{6018] A method of operating an ambulatory medical device i a patient
can include providing information corrclative to an indication of device site
maturation. At least first and second impedance vectors can be measured from
the patient, where the first impedance vector can have a lower predicted
sensitivity to the device site maturation than the second impedance vector. The
racthod can include selecting at least one impedance vector from the first and the
second impedance vectors using the information correlative to an indication of
the device site maturation. The method can include using the selected impedance
vector to generate an iropedance wdicator indicative of a target physiologic
cvent, and detecting the target physiologic event using the impedance indicator.
{0011} In Example 1, a sysiero comprises an ambulatory medical device
(AMD). The AMD includes an electrical impedance analyzer circuit and a
physiologic eveunt detector circuit. The electrical opedance analyzer circuit can
include an impedance sensing circuit configured to be capable of measuring first
and sceond tmpedance vectors frorm a paticnt, where the first irapedance vector
has a lower predicted sensitivity to device site maturation than the second
impedance vector. The clectrical impedance analyzer circutt can include an
impedance vector selector civcutt configured to select at least one mopedance
vector from the first and the second impedance vectors using information
correlative to an indication of the device site maturation. The electrical
impedance analyzer circuit also inchides an impedance indicator generator
circutt configured fo generate an mpedance wdicator indicative of a target
physiologic event using the selected at least one impedance vector. The
physiologic event detector circuit can be coupled to the electrical impedance
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analyzer circuit, and can predict or detect the target physiologic event using the
impedance indicator.

16012} In Exaraple 2, the system of Example 1 further coraprises a
device site maturation assessor circuit configured to produce the information
correlative to the mdication of the device site maturation. The producing the
information includes classifying the device site maturation info one of two or
more device site maturation states. The impedance vector selector circuit can
select at least oue fropedance vector using the classified device site maturation
state.

{60313} In Example 3, the device site raturation assessor circuit of
Example 2 can be configured to assess the device site maturation including
raturation of at least one of an encapsulation pocket for the AMD or a lead-
tissue interface. The encapsulation pocket includes interface between at least a
portion of a housing of the AMD and tissue adjacent to the housing of the AMD,
{6014] in Example 4, the impedance indicator generator circuit of any
one of Exaraples! through 3 can generate an impedance indicator indicative of a
worsening of heart fathure (HF). The physiclogic event detector can detect the
worsening of HF using the generated impedance indicator.

[6015] In Example 3, the system of any one of Examples 2 through 4 can
comprisc a physiclogic sensor configured to sensc at least one physiclogic signal
indicative of the device site maturation state. The device site maturation
assessor circuit can assess the device site maturation using the sensed at least one
physiologic signal.

{016} in Example 6, the physiclogic sensor of Example 5 includes one
or more of an irapedance sensor, an acoustic sensor, an accelcrometer, a
temperature sensor, or a chemical sensor.

{0017} In Example 7, the system of any one of Examples | through 6 can
comprise a memory circuit configured o store one or more parameters defining
one or more time windows relative to a reference time. The one or more time
windows cach can be correlative to a respective device site maturation state, and
the impedance vector selector circuit can select at least one of the first and
second impedance vectors when a time relative to the reference tirne falls into at

fcast one of the one or more time windows.
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{0018 In Example 8, the reference tirne of Example 7 includes time of
an event indicative of revision of the encapsulation pocket for the AMD.

{0619} In Example 9, the device site maturation assessor circuit of any
one of Examples 2 through 8 can classify the device site maturation into one of
two or more of an acute state, a recovery state, or a stable state. The impedance
vector selector circuit can select the first impedance vector from a set of
maturation inscnsitive impedance vectors in response to the device site
roaturation being classified as the acute state, sclect the second iropedance vector
from a sct of maturation sensitive impedance vectors in response to the device
stie maturation beiug classified as the stable state, or select both the first and the
second impedance vectors in response to the device site maturation being
classitied as the recovery state.

{83261 n Example 10, the set of maturation insensitive impedance
vectors of Example 9 includes one of an orthogonal impedance vector, or an
impedance vector excluding the can electrode, the orthogonal impedance vector
mvolving a right ventricle (RV) clectrode, a left ventricle (LV) clectrode, and a
can electrode. The set of maturation sensitive impedance vectors includes an
impedance vector involving a can electrode and one of the right atrium (RA)
electrode, an RV clectrode or an LV electrode,

{6021} In Example 11, the impedance vector selector circuit of any one
of Examples 1 through 10 includes an nropedance fusion curcunit configured to
generate a composite impedance vector using at least one maturation insensitive
impedance vector and at least one maturation sensitive impedance vector. The
impedance indicator generator circuit can generate an impedance indicator using
the compositc irapedance vector in response to the device site maturation being
classified as a specified maturation state.

16822} In Example 12, the impedance fusion circuit of Example 11 can
be configured to determune respective weights for the at least one maturation
insensitive impedance vector and the at least one maturation sensitive impedance
vector, and to generate a weighted corubivation of the at feast one maturation
insensitive impedance vector and the at least one maturation sensitive impedance
vector using the respective weights.

{6023] In Example 13, the impedance fusion circuit of Example 11 can
be configured to determine the respective weights as a function of time.
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10024} In Example 14, the impedance fusion circuit of any onc of
Examples 12 or 13 can calculate a recovery characteristic of the maturation
senstiive impedance vector, and determine the respective weights using the
calculated recovery characteristic.

{00251 In Example 15, an ambulatory medical device (AMD) inchudes a
physiologic pararneter analyzer civcutt and a physiologic event detector circumt
coupled to the physiclogic parameter analyzer circuit. The physiclogic
parameter analyzer circuit can inclade a physiologic parameter generator circuit
configured to generate a physiclogic parameter using one of first and second
sensing configurations. The physiologic parameter can be indicative of electrical
impedance. The physiologic parameter can be generated using the first sensing
configuration having a lower predicted scusitivity to device site maturation than
the physiologic parameter generated using the second sensing configuration.
The physiologic paramcter analyzer circuit can also mclude a sensing
configuration selection circuit that can select at least one sensing configuration
from the first and second sensing configurations using inforrnation correlative to
an indication of the device site maturation. The physiclogic parameter analyzer
circuit can include a physiologic event indicator generator circnit configured to
generate an indicator indicative of a target physiologic event using the
physiologic parameter generated using the selected sensing configuration. The
physiologic event detector civcunt can predict or detect the target physiologic
event using the impedance indicator.

{6026} This Overview is an overview of some of the teachings of the
present application and not intended to be an exclusive or exhaustive treatment
of the present subject matter. Further details about the present subject matter are
found in the detailed description and appended claims. Other aspects of the
imnvention will be apparent to persons skilled in the art upon reading and
understanding the following detatled description and viewing the drawings that
form a part thereof, cach of which are not to be taken in a limiting sense. The
scope of the present mvention is defined by the appended claims and their legal

equivalents.
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BRIEF DESCRIPTION OF THE DRAWINGS
{66271 Various embodiments are tlhustrated by way of example in the
figures of the accompanying drawings. Such cmbodiments are demonstrative and
not intended to be exhaustive or exclusive embodiments of the present subject
matter.
{6028} FIG. 1 usirates an example of a cardiac thythm rwanagement
{CRM) system and portions of the environment in which the CRM system
operates,
{3029 FIG. 2 illustrates an example of an impedance-based physiologic
target event detector.
{(038] FIG. 3 illustrates an example of an impedance sensing cireuit and
an impedance vector selection cireuit.
{8031 FIGS. 4A-D dlustrate examples of different impedance vectors
before and after a trigger event.
{032} FIG. S dlustrates examples of receiver operating characteristics
{(ROC) curves using various impedance vectors.
{3033} FIG. 6 illustrates an example of a method for detecting a target
physiclogic event using a physiologic signal such as a bio-impedance signal.
{6034 FIG. 7 illustrates an exarople of a method for selecting an
impedance vector for detecting an event indicative of worsening of HF or HF

decompensation,

DETAILED DESCRIPTION
{BG35] Disclosed herein are systems, devices, and methods for detecting
ong or more physiologic target events or conditions. The cvents can include carly
precursors of an HF decompensation episode. That ts, these events can occur
well before the systermatic manifestation of worsening of HF. Therctore, by
detecting the precursor events, the present docurnent can provide a systern and a
method of detecting an impending HF decompensation episode. In particular,
the methods and devices described herein can be apphcable to detecting
accumulation of intrathoracic fluid that can forecast an impending HF
decompensation episode. More geoerally, the systems, devices, and methods
described herein may be used to determine HF status and/or track HF
progression such as worsening of or recovery from an HF event.
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{0036] FIG. 1 illustrates an example of a Cardiac Rhythm Management
{CRM) system 100 and portions of an environment in which the CRM system
160 can operate. The CRM system 100 can include an ambulatory medical
device, such as an implantable medical device (1MI») 110 that can be electrically
coupled to a heart 105 such as through one or more leads 108A-C, and an
external system 120 that can cormmunicate with the IMB 110 such as via a
communication link 103. The IMD 110 may inchude an implantable cardiac
device such as a pacemaker, an iroplantable cardioverter-defibritlator (JICD, or a
cardiac resynchronization therapy defibriliator (CRT-D). The IMD 110 can
include one or more montoring or therapeutic devices such as a subcutancously
implanted device, a wearable external device, a neural stimulator, a drug
delivery device, a biological therapy device, or one or more other ambulatory
medical devices. The IMD 110 may be coupled to, or may be substituted by a
monitoring medical device such as a bedside or other external monttor.

16637] As tlustrated in FIG. 1, the IMBP 110 can mclude a hermetically
sealed can 112 that can house an clectronic circuit that can sense a physiological
signal in the heart 105 and can deliver one or more therapeutic electrical pulses
to a target region, such as in the heart, such as through onc or more leads 108A-
C. The CRM systermn 100 can include only one lead such as 1088, or can include
two leads such as 108A and 108B.

{0035] The lead HIBA can mclude a proximal end that can be configured
to be connected to IMB 110 and a distal end that can be configured to be placed
at a target location such as 1o the right atriom (RA) 131 of the heart 103, The
lead 108A can have a first pacing-sensing electrode 141 that can be located at or
near its distal end, and 4 second pacing-sensing clectrode 142 that can be located
at or near the electrode 141, The electrodes 141 and 142 can be electrically
connected to the IMD O such as via separate conductors in the lead 108A, such
as to allow for sensing of the right atrial activity and optional delivery of atrial
pacing pulses. The lead 1088 can be a defibrillation lead that can include a
proximal end that can be connected to IMD 110 and a distal end that can be
placed at a target location such as in the right ventricle (RV) 132 of heart 105.
The lead 1088 can have a first pacing-sensing electrode 152 that can be located
at distal end, a second pacing-sensing electrode 153 that can be located near the
electrode 152, a first defibrillation cotl electrode 154 that can be located near the
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electrode 153, and a sccond defibrillation coil electrode 155 that can be located
at a distance from the distal end such as for superior vena cava {SV) placement.
The electrodes 152 through 155 can be electrically connected to the IMD 110
such as via separate conductors in the lead 108B. The electrodes 152 and 153
can allow for sensing of a ventricular clectrogram and can optionally allow
debivery of one or more veuntricular pacing pulses, and clectrodes 154 and 155
can allow for delivery of one or more ventricular cardioversion/defibritlation
pulses. In an example, the lead 1088 can include only three electrodes 152, 154
and 155, The clectrodes 152 and 154 can be used for sensing or delivery of one
or more ventricular pacing pulses, and the clectrodes 154 and 135 can be used
for delivery of one or more ventricalar cardioversion or defibriliation pulses. The
icad 108C can include a proximal end that can be connected to the IMD 110 and
a distal end that can be configured to be placed at a target location suchasin a
ieft ventricle (LV) 134 of the heart 105, The lead 108C may be iraplanted
through the coronary sinus 133 and may be placed 1 a coronary vein over the
LV such as to allow for delivery of one or more pacing pulses to the LV, The
lead 108C can include an electrode 161 that can be located at a distal end of the
lead 108C and another electrode 162 that can be located near the electrode 161,
The ¢lectrodes 161 and 162 can be clectrically connected to the TMD 110 such as
via separate conductors in the lead 108C such as to allow for sensing of the LY
clectrograrn and optionally allow delivery of one or more resynchronization
pacing pulses from the LV.

{6339 The IMD 110 can include an electronic circuit that can sense a
physiological signal. The physiological signal can include an electrogram or a
stgnal representing mechanical function of the heart 105, The herroctically
sealed can 112 may function as an electrode such as for sensing or pulse
delivery. For exaraple, an clectrode from one or more of the leads 108A-C may
be used together with the can 112 such as for umpolar sensing of an electrogram
or for delivering one or more pacing pulses. A defibrillation clectrode from the
icad 108B roay be used together with the can 112 such as for debivering one or
more cardioversion/defibriliation pulses. In an example, the IMD 110 can sense
irmpedance such as between electrodes located ou one or more of the leads HI8A-
C or the can 112, The IMD 110 can be configured to inject current between a
patr of clectrodes, sense the resultant voltage between the same or different pair

10
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of electrodes, and determine impedance using Ohm’s Law. The tmpedance can
be sensed in a bipolar configuration in which the same pair of electrodes can be
used for injecting current and sensing voltage, a tripolar configuration i which
the pair of electrodes for current injection and the pair of electrodes for voltage
sensing can share a common electrode, or tetrapolar configuration in which the
electrodes used for current injection can be distinet from the electrodes used for
voltage sensing. In an example, the IMD 110 can be configured to inject current
between an clectrode on the RV lead 1088 and the can housing 112, and to sense
the resultant voltage between the same electrodes or between a different
electrode on the RV lead T0XB and the can housing H2. A physiologic signal
can be sensed from one or more physiclogical sensors that can be integrated
within the IMD 110, The IMD 110 can also be configured to sensc a
physiological signal from one or more external physiologic sensors or one or
more external electrodes that can be coupled to the IMD 1. Examples of the
physiological signal can inchude one or more of intrathoracic impedance,
mtracardiac impedance, arterial pressure, pulmonary artery pressure, RV
pressure, LV coronary pressure, coronary blood temperature, blood oxygen
saturation, one or more heart sounds, physical activity or exertion level, posture,
respiration, body weight, or body temperature.

{6040] The arrangement and functions of these leads and clectrodes are
described above by way of exaruple and not by way of limitation. Depending on
the need of the patient and the capability of the implantable device, other
arrangernents and uses of these leads and electrodes are contemplated.

{63411 As tllustrated, the CRM system 100 can include an impedance-
based physiologic event detector 113, The impedance-based physiologic event
detector 113 can be configured to be capable of receiving first and second
physiologic signals such as thoracic or cardiac impedance signals from a patient,
where the first signal can bave a lower predicted sensitivity to the device site
maturation than the second signal. Both the first and the second impedance
signals can be sensed using the electrodes on ove or roore of the leads 108A-C or
the can 112, or other physiclogic sensors deployed on or within the patient and
comumunicated with the IMD 110, The impedance-based physiologic event
detector 113 can include a circuit capable of receiving information correlative to
an indication of the device site maturation. In an example, the impedance-based
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physiologic event detector 113 can be configured to detect the status of
maturation of device-tissue interface, such as an encapsulation pocket for the
IMD or g lead-tissuc interface. The device encapsulation pocket can include
interface between at least a portion of the can 112 and the surrounding tissue.
Based on the maturation status, the impedance-based physiologic event detector
113 can select at least one fmpedance vector from the first and the second
impedance vectors, or to gencrate a composite impedance vector using two or
rore imnpedance vectors. The impedance-based physiologic event detector 113
can detect a target physiologic event or condition of the patient using the
selected at least one impedance vector, or the cornposite irapedance vector, An
example of the physiologic events is an HF decompensation event, which can
mclude one or more carly precursors of an HF decompensation episode or an
event indicative of HF progression such as worsening of HF or recovery from an
HF cvent. The impedance-based physiclogic event detector 113 can also be
configured to detect physiologic events such as pulmonary edema, myocardial
infarction, arnong others. Examples of the impedance-based physiologic event
detector 113 are described below, such as with reference to FIGS. 2-3.

{30424 The external system 120 can allow for programming of the IMD
1 10 and can receive wmformation about one or more signals acquired by IMD
110, such as can be received via a communication link 103. The external system
120 can joclude a local external IMD programmer. The external system 120 can
include a remote patient management system that can monitor paticnt status or
adjust one or more therapies such as from a remote location,

{6643] The communication link 103 can include one or more of an
mductive telemetry link, a radio-frequency telemetry link, or a
telecommunication Hok, such as an internet connection. The communication Hok
103 can provide for data transmission between the IMD 110 and the external
systermn 120, The transmitted data can include, for example, real-time
phiysiological data acquired by the IMD 110, physiological data acquired by and
stored wn the IMD 110, therapy history data or data indicating IMD operational
status stored in the IMD 110, one or more programming instructions to the IMD
110 such as to configure the IMD 110 to perform one ot more actions that can

include physiological data acquisition such as using programmably specifiable
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sensing electrodes and configuration, device seif-diagnostic test, or delivery of
one or more therapies.

10044] The impedance rank-based physiologic cvent detector 113 may be
implemented in the external system 120, The external system 120 can be
configured to perform HF decompensation event detection such as using data
extracted from the IMD 110 or data stored 1n a memory within the external
system 120, Portions of the impedance rank-based physiologic event detector
113 may be distributed between the IMD 110 and the external systern 120,
18045 Portions of the IMD 110 or the external systerm 120 can be
implemented using hardware, software, ot any cornbination of hardware and
software. Portions of the IMD 110 or the external system 120 may be
implernented using an application-specific circuit that can be constructed or
configured to perform one or more particular functions, or can be implemented
using a gencral-purpose circuit that can be programruced or otherwise configured
to perform one or more particular functions. Such a general-purpose circuit can
mclude a microprocessor or a portion thereof, a muicrocontroller or g portion
thereof, or a programmable logic circuit, or a portion thereof. For example, a
“comparator’” can inchude, among other things, an clectronic circuit comparator
that can be constracted o perform the specific function of a coruparison between
two signals or the comparator can be implemented as a portion of a general-
purpose circutt that can be driven by a code instructing a portion of the general-
purpose circuit to perform a comparison between the two signals. While
described with reference to the IMD 110, the CRM system 10 could 1nclude a
subcutaneous medical device {(e.g., subcutancous KB, subcutaneous diagnostic
device), wearable medical devices (e.g., patch based sensing device), or other
external medical devices.

{0046} FI1G. 2 illusirates an example of an impedance-based physiologic
target event detector 200, The physiologic target event detector 200 can be an
embodiment of the impedance-based physiclogic event detector 113, Inan
example, the physiologic target event detector 200 can be configured to detect an
event indicative of worsening of heart failure (HF), such as a HF
decompensation event. The physiologic target event detector 200 can include

one or more of a device site maturation assessor circutt 210, an electrical
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impedance analyzer circuit 220, a physiologic cvent detector circuit 230, a
controller circuit 240, and an instruction receiver circutt 250,

{0047} The device site maturation assessor circutt 210 can be configured
to receive information correlative to an indication of the device site maturation.
in an example, the device stte maturation assessor circuit 210 can assess
maturation of a device-tissue interface, such as an encapsulation pocket
surgically created or intervened for IMD during implantation of the IMD, or
rnaturation of a lead/electrode and tissue (such as myocardium) interface
following a lead implant or lead revision. The device site maturation assessor
circutt 210 can include one or more physiologic seusors 212, a timer/clock
circuit 214, and a maturation status classifier 216.

{0045] The physiclogic sensor 212 can be configured to scnse a
physiologic signal indicative of the device site maturation state. Examples of the
physiologic sensors 212 can include an impedance sensor, an acoustic SCnsor, an
accelerometer, a temperature sensor, or a chemical sensor. A statistical or a
rorphelogical signal metric can be obtained frora a physiologic signal sensed
around the device encapsulation pocket or the lead-tissue interface. The signal
metric vahue can be indicative of the amount and ¢lectrical properties of the
fibrotic tissue formed within the device pocket or at the lead-tissue interface,
therefore can be used to assess the degree of device site maturation. In some
examples, the physiologic seusors 212 can be used to measure one or more
physiologic signals that indicate the systematic health status or well-being of the
patient, such as body temperature, blood pressure, or other vital signs or
physiologic responses. These systematic physiologic signals can indirectly
indicate the device site maturation status.

{3049} As an addition or an alternative to the physiologic sensors 212,
the timer/clock circuit 214 can determine time elapsed from a reference time
associated with a trigger event, such as events indicative of implantation of an
VD, device encapsulation pocket revision, lead implant or lead revision, or
other specified events that way affect the device site maturation status,

1B356] 'The maturation status classifier 216 can categorize the device site
maturation status into one of two or more device site maturation states.
Examples of the device site maturation states can include an acute state, a
recovery state, or a stable state. The maturation status classifier 216 can perform

14
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the categorization using the sensed physiologic signal or signal metrics
caleulated from the physiologic signal. For example, the sensed physiclogic
stgnal or the signal metrics can be compared to roultiple thresholds that define
the physiological signal values mto multiple intervals or value ranges each
corresponding to a maturation state.

{8051 The maturation status classifier 216 can perform the
categorization using the elapsed time from a reference time associated with a
trigger event. The device site maturation assessor circuit 210 can be coupled to a
memory circuit that stores one or more time windows corresponding to
respective maturation states. The time windows can be defined relative to the
reference time associated with a specified trigger event. For example, an acute
state can correspond to a time window that starts at a trigger cvent such as the
device unplant or pocket revision and lasts for specified duration, for example,
up to approximately 2-4 woeks, A recovery state can correspond to g time
window that starts at 2-4 weeks and ends at 4-6 months following the trigger
event. A stable state can correspond to g time window that starts 4-6 months
following the trigger eveunt. The maturation status classifier 216 can classify the
device site maturation into one of mmultiple device site maturation states when an
elapse tivoe relative to the reference time falls into one of the time windows.
{8452 In some cxamples, the maturation status classifier 216 can receive
qualitative descriptors of the device site maturation, 1ncluding subjective
description or gbjective characterization of the device-tissue interface or
patient’s systematic response to the device site maturation. Examples of the
qualitative descriptors can inchude pain, swelling, erythema or other skin
conditions at or near the device-tissue interface, among others. The maturation
status classifier 216 can be configured to quantize the qualitative deseriptors into
a multitude of levels of severity. The descriptors can also be guantized with the
use of external analyzing devices by systern end-users such as physicians or
other health-care providers, who can feed the gnantized descriptors into the
roaturation status classifier 216,

{30534 The electrical impedance analyzer circuit 220 can include an
impedance sensing cireut 222, an impedance vector selector circuit 224, and an
impedance indicator generator circuit 226, The impedance sensing circuit 222
can be coupled to one or more electrodes disposed on one or more leads 108A-C
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or the can 112, and can be configured to measure bio-impedance from a patient
therein. The measured bio-impedance can include a phurality of thoracic
impedance measurements or a plurality of cardiac impedance measurements. For
example, the bio-impedance can include an impedance vector sensed between an
RA eclectrode 141 or 142 and the can 112 (Zpacan), between an RV electrode
152, 183 or 154 and a can 112 (Zpv.can ), 0F between an LV electrode 161 or 162
and the can 112 (Zpv.can ). The bio-impedance can also include an impedance
vector where the voltage sensing electrodes are the currently injection electrodes
are orthogonal to cach other, such as selected from RA, RV, or LV clectrodes
{(Zrarvav). Additionally or alternatively, the electrical impedance seusing
circuit 222 can be coupled to one or more implantable or wearable physiologic
SeTIS0TS OF ONC Or MOTe paticnt monitors that can sense or receive signals
indicative of the bis-impedance.

{0054 The electrical impedance sensing circuit 222 can include one or
more moditles to perform impedance signal conditioning such as signal
amplification, digitization, or filtering. The one or more ruodules can be
configured to extract one or more impedance signal metrics from the sensed
impedance signal. The impedance signal metrics can include statistical or
morphological signal features coraputed from the sensed impedance signal.
Examples of the statistical signal features can include signal mean, median, or
other central tendency rocasures; a histograro of the signal intensity; or one or
more signal trends over time. Examples of the morphological signal features can
include maxirouro of miioimum within a specified peniod such as a cardiac cycle,
positive or negative slope or higher order statistics, signal power spectral density
at a specified frequency range, and other morphological descriptors.

RS The impedance sensing circuit 222 can be configured to be
capable of sensing two or more frmpedance vectors independently or
concurrently. In an exarople, the impedance sensing circuit 222 can sense a fivst
impedance vector predicatively less sensitive to the progression of device site
roaturation and a second impedance vector predicatively more seusitive to the
progression of device site maturation. The first and the second impedance
vectors can have different configurations, such as using different electrodes to
inject eloctric current or different electrodes for sensing the resulting voltage.
Examples of the iapedance sensing circuit 222 configured for sensing device
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stte maturation-insensitive and device site maturation-sensitive impedance
vectors are discussed below, such as with reference to FIG. 3.

3056] The mmpedance vector sclector circuit 224 can be contigured to
select at least one impedance vector from the first and the second impedance
vectors. For example, as tllustrated in FIG. 2, the impedance vector selector
circutt 224 can be coupled to the device stte maturation status classifier 216, and
select the at least one impedance vector using the classified device site
roaturation state. Alfernatively or additionally, the impedance vector sclector
circutt 224 can gencrate a composite impedance vector using two of more
impedance vectors such as those sensed by the iropedance sensing cirewt 222,
Examples of the impedance vector selector circuit 224 configured for selecting
an impedance vector or generating a composite impedance vector are discussed
below, such as with reference to FIG. 3.

{0037} The mmapedance indicator generator 226 can be configured to
generate an impedance indicator {21} using the one or more impedance vectors
such as those determined by the impedance vector selector circuit 224, The 1
can be indicative of a presence or severity of a physiological target event or a
physiclogic condition precipitating the target event such as an HF
decompensation episode or excessive infrathoracic fluid accumulation. In an
example, the impedance indicator can be an accunmilated deviation of the sensed
physiological signal from a reference signal over tivoe, Examples of computing
the 21 are discussed below, such as with reference to FIGS. 6-7.

[(6058] The physiologic event detector eircuit 230 can recetve 1nput from
the electrical impedance analyzer circuit 220 and be configured to detect a
physiologic target event or condition using the impedance indicator. A target
event or condition can inchude a physiologic event indicative of an onset of a
discase, worsening of a discase state, or a change of a discase state, In an
exaraple, the physiologic event detector civcuit 230 can detect the presence of an
event indicative of HF decompensation status. Examples of the target cvents can
also include a worsening HF, pulmonary edema, or myocardial infarction,
among others. In some examples, the physiologic event detector circuit 230 can
be configured to geuerate a trend of the iropedance 1ndicator over a specified
time period, and to detect a target physiologic cvent using at least the trend of
the impedance indicator.
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[803%9] The condroller circuit 240 can control the operations of the device
stte maturation assessor circuit 210, the electrical impedance analyzer circuit
220, the physiologic event detector circutt 230, and the data and mstruction flow
among these circuits. For example, the controller circuit 240 can configure the
physiologic sensor 212 for sensing the status of the device site maturation. The
controller circuit 240 can start the thmer/clock eircuit 1o response to a trigger
event such as device implant, and provides the elapsed time to the maturation
status classifier 216 for determuning the maturation status. The controller circuit
240 can configure the electrical impedance sensing circuit 222 such as by
determining electrodes used for injecting current and electrodes for sensing
resulting voltage.

{0060] The controller circuit 240 can determine an irapedance sensing
and evaluation session that inchides a time window defined by a specified start
tirne or end time, or g spectfied duration during which the electrical impedance
analyzer cireuit 220 can sense and analyze the impedance measurements. The
controller circuit 240 can deterrine the irapedance sensing and evaluation
session automatically upon detection of a specified physiologic event such as a
change of a physiclogic parameter or a change of patient physislogic condition.
166611 The controller circuit 240 can be coupled to an mstruction
recetver circuit 250 to receive instructions or programming parameters, such as
from an cud-user, for controlling the operation of the device site maturation
assessor circuit 210, the electrical impedance analyzer circuit 220, and the
physiclogic event detector circuit 230, Examples of the tustructions may 1oclude
a start time, an end time, or a duration of the impedance sensing and evaluation
session; sclection between physiologic sensor 212 and the timer/clock circuit
214 for determining the maturation status; configuration of impedance vectors
(including clectrodes or sensors used for measuring the impedance); or the
parameters for physiologic event detection as used by the physiologic event
detector circuit 230, The instruction receiver circuit 250 can include a user
interface configured to present programyuing options to the eud-user and receive
the end-user’s programming input. In an cxample, at least a portion of the
instruction receiver circuit 250, such as the user interface, can be implemented in
the external system 120. In some examples, the end-user instructions can be
programuned to the device memory and retrieved by the controller circuit 240,
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{0062} FIG. 3 illustrates an exaraple of the impedance sensing circuit 322
and the impedance vector selection circuit 324. The impedance sensing circuit
322 can be an example of the impedance sensing circuit 222, and the mpedance
sensing circutt 324 can be an example of the impedance vector selector circuit
224,

G063} The nopedance sensing circuit 322 can be configured to be
capable of measuring first and sccond impedance vectors independently or
concurrently. The first impedance vector cav have a lower predicted sensifivity
to the device site maturation, than the second impedance vector. The predicted
sensitivity of a particular fropedance vector can be determined using data
collected from a cohort of patients, such as values of the particular impedance
vector in response to the maturation process of a device encapsulation pocket.
Examples of the impedance vectors that are predicatively less sensitive to the
device pocket maturation can include the orthogonal impedance vector (Zaa gy.
1v) that employs a right ventricle (RV) electrode, a left ventricle (LV) electrode,
and a can clectrode, or impedance vectors excluding the can 112, such as
impedance vectors measured between RV tip and RV ring electrodes (RV gy ring ),
between LV tip to LV ring electrodes (LViping ), oF between RA tip and RV
ring electrodes (RA gy 1m0, ), Exarnples of the irapedance vectors that are
predicatively more sensitive to device pocket maturation can inclade impedance
vectors involving a can electrode and ove of the right atrium (RA) electrode
{(Zracan), ant RV electrode (Zry.can) 0or an LY electrode (Zrvean )

G064} The napedance vector selection circuit 324, coupled to the
impedance sensing circuit 322, can include one or both of a hard selection circuit
325 and a fuzzy sclection circuit 326. The hard selection circuit 325 can select at
least one impedance vector with specified configuration for impedance sensing.
The hard sclection circuit 325 can select between the maturation-insensitive
impedance vectors and the maturation-seusitive impedance vectors according to
the device site maturation status such as detected by the maturation status
classifier 216, For example, the hard selection circuit 325 can select a
maturation-insensitive impedance vector when the device site maturation is
classified as an acute state, or to select a maturation-sensitive impedance vectors
when the device site maturation is classified as a stable state. If and when the
roaturation status changes from once state {e.g., an acute state) to another (e.g., a
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stable state) during the device pocket maturation, the hard selection circuit 325
can receive from the device site maturation assessor circuit 210 the detected
change of maturation states, and autornatically switch from one impedance
vector (e.g., a maturation-inseusitive impedance vector) to another {e.g., a
maturation-sensitive impedance vector).
{8065} The fuzzy selection circuit 326 can include a discount factor
generation and update circuit 327 and a composite impedance vector generator
circuit 328, The coraposite irapedance vector generator circutt 328 can geoerate
a composite impedance vector or impedance metric (Lo ) using at least one
maturation-insensitive impedance vector {(Zyg) and at least one maturation
sensitive impedance vector {Zys). The compostte impedance vector Zomp can
be a linear or & non-lincar combination of the Zyy and Zag. In an example, the
Zoomp Can be generated as a weighted sum of the 2y and Zogg shown in equation
(I
Z(fﬁsnp = ﬂ«*ZMS + EB% ZMI
(H
where a and P are weights assigned to the respective impedance vector. In some
examples, the weights o and [ can be selected such that o + § = |, This can allow
Zcomp t0 have a range of value comparable to that of the Zyy and of the Zyy. The
impedance and the Zoo, can then be determined using equation (2} given below,
where the weight o can also be referred to as a discount factor.
Zoomp = 05 Lys +{1- 0} 2
2
{(#066] The composite impedance vector generator circutt 328 can
determine the Zeomp Such as by using equations (1) or (2) according to the device
site maturation status detected by, for example, the maturation status classifier
216 using 8 physiologic sensor responsce to the device site maturation or 4 pre-
determined or user-specified tirne window relative to a veference time associated
with a trigger event such as device implant or encapsulation pocket revision.
{00671 The discount factor generation and update circutt 327 can
generate and update the discount factor o according to a user-input such as via
the instruction receiver circuit 250, The user-specified values of ¢ and
corresponding classified maturation states can be stored in device memory as a
look-up table, an association roap, or other data structures. Oune exaraple of the
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association between the specified values or range of valucs of ¢ and the device

stte maturation states is given in the following table:

“ Maturation
Status
o = Acute State
o = | Stable State
g<g<} Recovery State
{3065] When the device site maturation is classified using a pre-

W

determined or user-specified time window following a trigger event such as
determined by the timer/clock circuit 214, the discount factor generation and
update circuit 327 can generate the discount factor ¢ as a function {f} of the
clapsed time (t) from the trigger event, that 13, « = f (). The function fcan bea
linear, picce-wise Huear, or a4 non-linear function such that the value of f{t) can
10 pradually increase from 0 to | as time (t} clapses. In an example, o can be

determined using equation (3) as follows:

,

a=Ffti=ket= t/Ts 0 3

-

where Tgue 18 the clapsed time from the trigger event until the device site

roaturation reaches a stable state. Therefore, as the device pocket progressively
15 matures from the acute state to the stable state, the elapsed time () gradually

increases from § 10 Toume, resulting in the discount factor gradually increases

fromQto 1.

[8669] In another example, o can be determined as an exponential

function of the elapsed tioe (1) such as shown in cquation {4) as follows:

20 o= F{t) = exp{u(t — Togpre))

where p is a scalar controlling how close « 1s to § when t s equal to 0 {e.g., the
time instant when the trigger event occurs). According to equation {4}, as the

device pocket progressively matures from the acute state to the stable state, the

P
i

elapsed time (1) varies from 0 10 Tswsie, resuliing in the discount factor ¢
gradually increasing fromn exp(-uTsune ) t0 1. When the user-specified
controlling scalar {u} is sufficiently large, when the device site maturation status
is the acute state, the discount factor o can take a value approximately 0, thereby
resulting a composite impedance vector Zeomp primarily determined by the

3¢ device site maturation-insensitive impedance Zyy. Other examples of the
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nonlinear function f can include sigmoid function, power function, polynomial
function, radial basis function, among others. The resulting composite
impedance vector or the composite impedance metric can be used for generating
an impedance indicator, such as through the impedance indicator generator 226.

~y
Ji
i

130781 The discount factor generation and update circuit 327 can
generate and update the discount factor o using maturation progression metric
(8). In an exarmple, the discount factor o can be a function (g) of the maturation
progression metric 8, that is, o = g(8). The maturation progression metric 8 can
be a guantitative measure of the device maturation state, and 8 can be cvaluated
continuously or regularly such as by the maturation status classificr 216,
Examples of the maturation progression metric 8 can include a rate, a pattern, or
other statistical or morphological signal features indicative of the progression of
the device site maturation. In an example, the raturation progression metric 8
can be calculated using a coraparison between a teraporal profile of the
maturation-sensitive impedance vector and a temporal profile of the maturation-
insensitive impedance vector. In another example, the mataration progression
metric & can be calculated using a comparison of the temporal profile of the
impedance vahues of a mataration-sensitive impedance vector before and after a
trigger event such as a device implant or encapsulation pocket revision. In yet
avother example, the maturation progression roetric 8 can be calculated using a
comparison of the texoporal profile of a maturation-sensitive irnpedance vector
and a template signal representing a pattern of the impedance variation due to
device stte maturation. The template of the mataration progression can be
generated using the historical impedance data before and after the trigger cvent
from the patient.

{8071 FIGS. 4A-D illustrate examples of different impedance vectors
before and after a trigger event. Spectfically, FIG 4A through FIG 4D illustrates
a trend of daily median vahue of the intrathoracic total impedance (ITTT)
racasured from respectively an RA-Can vector (FIG 4A), an RV-Can vector
(F1G. 4B), the LV-Can vector (FIG 40}, and the orthogonal RV-LV-Can vector
(FIG. 4D). The four impedance vectors were concurrently sensed and recorded
by an IMD from a patient. As shown in the x-axes of the FIGS, 4A-D,

impedance data were measured in a time span of 12 months (from August 2011
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through August 2012). A trigger event of the IMD pocket revision from sub-
muscular to subcutancous implantation site occurred around September 2011, In
response to this frigger event, the daily median irapedance value of the RA-Can,
RV-Can and LV-Can impedance vectors all experienced decrease 415, 425 and
435 in a range of approximately 15-20 Ohms from the pre-revision to the post-
revision state. Following the acute phase of imapedance drop, the RA-Can, RV-
Can and LV-Can impedance vectors all experience respective gradual recovery
phases 412, 422, and 432 at least n part due to the progressive device site
maturation. The recovery lasts approximately [-6 months until the daily median
vahue of the mapedance vectors level off at their respective stable state 413, 423
and 433, when the chronic fibrotic tissue stably encapsulates the device in the
pocket device and thus the pocket 1s deemed matured. Theretore, as FIGS. 4A-
415 show, the RA-Can, RV-Can and LV-Can impedance vectors are all sensitive
to the device site maturation.

16672] In contrast to the impedance trends 410, 420, or 430, the daily
raedian impedance trend 440 of the orthogonal impedance vector, as illustrated
in FIG 4D, is insensitive to the trigger event of device pocket revision. The
median daily impedance value 445 changed less than two ohms in response to
the trigger cvent, with no discernible recovery phase. The post-revision roedian
impedance value 443 is about the same level as the pre-revision median
impedance. Becaunse of the imsensitivity to the trigger event, the daily rmedian
orthogonal impedance 440 can be less prone to device site maturation than the
maturation-seusitive impedance vectors, Using the orthogounal impedance 440
can therefore reduce the false positive rate of detecting events associated with
worsening of HF or HF decompensation.

{30731 FIG. 5 ithustrates examples of receiver operating characteristics
(ROC) curves using various impedance vectors. The ROC curves can be used to
ilustrate and evaluate the performance of a detector or a detection algorithm
detecting a target physiologic event such as worsening of HFE. The ROC curve
depicts the sensitivities of detecting the target event {as shown in the y-axis) over
the corresponding false alarm rate computed as the number of false positive
detections per patient-year (as shown in the x-axis) by varying values of a
detection parameter, such as threshold values associated with a detection
algorithm.
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18074} Two ROC curves 510 and 520 correspond to the maturation-
sensitive impedance vector Zavean and the maturation-insensitive orthogonal
impedance vector Zpvpvican rospectively. As itlustrated in FIG. 3, for a specified
false alarm rate, a higher sensitivity can be achieved using the ROC curve 510
than using the ROC curves 520. For example, when the false alamm rate is two
events per paticnt-year, the corresponding operating poiut 512 on the ROC curve
510 corresponds to a sensitivity of approximately 55%; while at the same false
alarm rate, the operating powmnt 522 on the ROC curve 520 corresponds to a lower
predicted sensitivity of approximately 25%. The area under the ROC curve
{Aroc}, an index that can be used to evaluate detection performance, can be
computed for the ROC curves 5180 and 520. A qualitative comparison between
the ROC curves 510 and 520 indicates that the Agge of 510 is larger than the
Axngoc of 520, Therefore, in this example, the maturation-insensitive impedance
vector Zgy.cas (associated with the ROC curve 510) outperforms the maturation-
sensitive impedance vector Zavayv.cas (associated with the ROC curve 512).
{0075] Although the impedance vector Zry.ca, generally has a better
detection performance, FHG 4B illustrates that Zrveun can be sensttive to trigger
events such as pocket revision or device irmplant, and susceptible to the
subsequent device site maturation process. Therefore, although maturation-
insensitive impedance vector such as Zryrvica 16 desirable during the acute state
and recovery state following events like device pocket revision, wheun the pocked
gets matured, it is desirable to switch the impedance vector from a maturation-
insensitive impedance vector such as the Zrypvices veCtor {0 a maturation-
sensitive impedance vector such as Zpv.can vector to achieve desirable detection
performance.

18876] FIG. 6 illustrates an example of 2 method 600 for detecting a
target physiologic cvent using a physiologic signal such as a bio-impedance
signal. The target physielogic event can include events indicative of worsening
of HF or HF decompensation. In an example, the method 600 can be
implersented and operate i an ambulatory medical device (AMD) such as an
implantable or wearable device, or in a remote patient management system. For
example, the method 600 can be performed by the mipedance-based physiologic
event detector 113 implemented in the IMD 110, or the external system 120 in
communications with the IMD 110,
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{0677} At 601, a device site including a device-tissue interface is
assessed to determine a maturation status. The device-tissue interface can
imclude an encapsulation pocket for iraplantation of a medical device, or a lead-
tissue interface between electrodes on a lead connected to the device and the
tissuc adjacent to the clectrode. The maturation status can be evaluated using one
or more indications of tissue trauma, fluid in the pocket, mflammation status, or
fibrotic tissue formation in the pocket. In an example, a physiologic sensor can
be used to detect a signal indicative of the device site maturation. Examples of
the physiologic sensor can include an impedance sensor, an accelerometer, a
teroperature sensor, or a chemical sensor. Alternatively or additioually, the
device site maturation status can be evaluated using the time clapsed from a
reference time instant associated with a trigger cvent, such as an cvent indicative
of implantation of an IMB, device pocket revision, lead implant or lead revision,
or any specified cvent that may affect the device-tissue interface and cause
maturation on a device site. For example, an acute state can correspond to a time
window starting at the trigger event such as the device troplant or pocket revision
and lasting up to approximately 2-4 weeks. A recovery state can correspond to a
time window that starts at approximately 2-4 wecks following the trigger event
and cuds at approximately 4-6 months following the trigger cvent. A stable state
can correspond to a time window that starts 4-6 months following the trigger
event. The device site roaturation can be evaluated using subjective description
or objective characterization of the device-tissue interface or patient’s systematic
response to the device site maturation, such as pain, swelling, erythema or other
skin conditions at or ngar the device-tissue interface, among others.

{0078} At 602, at least first and second bio-impedance signals can be
measured from the patient. The bio-timpedance signals can be sensed using one
or more electrodes on one or more of the implantable leads such as 108A-C or
the can 112 implanted or otherwise attached to the patient. The measured bio-
impedance can include a plurality of thoracic or cardiac impedance
rneasurements. The measured bio~-impedance can be processed, and the
impedance metrics such as statistical or morphological signal features can be
generated from the racasured bio-umpedance signal. The bio-impedance signal

can be sensed during an impedance sensing and evaluation session.
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[8879] The first and second irpedance vectors can have different
configurations, such as different electrodes used for injecting current or different
clectrodes used for sensing the resulting voltage. The first impedance vector can
have a lower predicted sensitivity to the device site maturation than the second
impedance vector. The predicted sensitivity of an impedance vector can be
emipirically determined using historical data collected from a population of
patients. Examples of the impedance vectors that are predicatively less sensitive
to the device pocket maturation cau include the orthogonal irapedance vector
{(Zrarv.rv) or impedance vectors excluding the can 112, including impedance
vectors rueasured between RV tip and RV ring electrodes {RV gprne ), between
LV tip to LV ring electrodes (L V pnisp ), OF between RA tip and RV ring
clectrodes {RAping ). Examples of the impedance vectors that are predictably
more sensitive to device site maturation can include Zracan, LRV-Cons OF Z0V-Can
veetors.

{(0388] At 603, at least one impedance vector can be selected from the
first and the sccond impedance vectors using at least the maturation status
information such as determined at 601, In an example, a maturation-insensitive
impedance vector can be selected when the device site maturation is classified as
an acute state, or a maturation-sensitive impedance vector can be selected when
the device site maturation 18 classified as a stable state. In another example, two
or more impedance vectors, such as the first and the second impedance vectors,
can be selected and a composite impedance vector can be ¢reated using the two
or more impedance vectors. Exarples of creating a composite impedance vector
are discussed below, such as with reference to FIG. 7.

{0081} At 604, an impedance indicator {Z1) can be calculated frora the
selected impedance vector. Vahes of the selected impedance vector can be
trended over tirae. A first representative impedance can be generated using
impedance values measured during a first time window, and a second
representative impedance can be generated using impedance values measured
during a second time window. The first and the second representative impedance
can cach include a mean, a median, a mode, a percentile, or other measures of
central tendency of the impedance values in the respective tirae windows. In
some examples, the second time window can be longer than the first window,
and at least a portion of the sccond time window precedes the first time window
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in time. The second representative impedance can be ndicative of an impedance
baseline {(Znasain ). I some examples, the second time window is a moving
window and Zpaseine Can be adaptively updated such as using a lincar
combination of the Zpaaine computed from an old window and the impedance
values in a new window.

G082} The immpedance wndicator (Z1) can be geverated using a
comparison of the first representative impedance and the sccond representative
impedance. The ZF can indicate presence or severity of a physiologic condition
precipitating an HF decompensation episode, such as excessive intrathoracic
fluid accumulation. The Z1 can be computed as the difference, percentage
difference, or other relative difference between the first representative
impedance (Zgry) of the first short-term window and the second representative
impedances (Zpaseiine ) 0 the second long-term window. That is, 21 = Zpasctine —
2, or 28 = {Z pasetine~ Zs1v YV Lnasetine. 10C 21 can also be computed as a rate of
change from the second representative impedance to the first representative
impedance. That 18, Z1 = (Zarv ~ Lpasetine VAT <1y pasetines Where ATy paseline
represents the time lag between the first and the second time windows,

130831 At 603, a target physiologic cvent can be detected using at least
the impedance indicator. A target event, such as an event indicative of worsening
of HF, can be detected if the Z1 meets a specified condition such as the value of
Z1 exceeding a specified threshold. For exarople, a large Z1 can be indicative of
substantial decrease of representative impedance from the baseline impedance,
suggesting an increased thoracic fhuid accumulation that is associated with
worsening of HIU

{0084] FIG. 7 illustrates an example of a method 700 for selecting an
impedance vector used for detecting a target physiologic event such as an event
indicative of worsening of HF or HF decompensation. The method 700 can be an
exaraple of 603 as used n the method 600 for detecting the target physiologic
cvent. In an example, the method 700 can be performed by the impedance vector
selector circuit 224 as iltustrated n FIG. 2, or the impedance vector selection
circuit 324 as illustrated in FIG. 3.

G085} At 701, a detection 1s performance to determine whether a trigger
event has occurred, or if an indicator of occurrence of a trigger event has been
received within a specific tirac frarae. The trigger event can be an event
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indicative of 4 change of patient physiologic condition which ray irapact the
electrical property of the device-tissue interface such as the impedance around
the device cncapsulation pocket or lead-tissue mnterface. Exaraples of the trigger
event can include implantation of a medical device or surgical revisionof a
device encapsulation pocket. The trigger event can be detected by a sensor, or
the information regarding the trigger event can be provided by an end-user such
as a physician or a health-care provider. The time window to check the recent or
past trigger cvent can be pre-determained. To one exarmple, the time window can
be approximately six months.

{3086} If no trigger event is detected or received within the specified
window at 701, the device site can be deemed undisturbed and remaining stable,
and a mataration-sensitive impedance vector can be selected at 704 for use in
detecting the target physiologic event. As illustrated in FIG. 5, the maturation-
sensitive impedance vector, such as Zaa cans ZRv-Cans OF Ziyvcan VOCtOTS, can have
a better detection performance than maturation~-insensitive impedance vector
when the device sitec maturation status 1s stable. Theretore, the maturation-
sensitive impedance vector can be selected at 704,

130871 If a trigger event is detected or received within the specified
window at 701, then the device site maturation ¢an be classified at 702, The
device site maturation status can be classified into one of two or more states
indicating the degree of maturation of the pocket. The classification can be
performed using the sensed physiologic signal or the signal metrics derived from
the physiologic signal, such as those used for assessing the maturation status at
601. For example, the seused physiologic signal value or the signal metrics vale
can be compared to multiple thresholds that categorize the physiological signal
values into multiple intervals or value ranges each corresponding to a8 maturation
state.

{6¢88] if the maturation status s classified as stable state at 703, then a
raturation-sensitive impedance vector can be selected at 704 for use in detecting
a target physiologic event. Otherwise, at 703, the device site is checked to
determine if it is in an acute phase following the trigger event. The acute phase
can be determined using the sensed physiologie signal imdicative of the device
stte maturation status. Additionally or alternatively, the acute phase can be
determined using the time elapsed from the trigger cvent. For cxample, an acute
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state can correspond to a time window starting at the trigger cvent such as the
device implant or pocket revision and lasting for up to approximately 2-4 weeks.
[6689] If the device site maturation status is in the acute phase, then at
706, a maturation-insensitive impedance vector, such as the orthogonal
impedance vector Zuv.rv-can OF an tmpedance vector excluding a can electrode
such as the can 112, can be selected. When the device site such as the device
encapsulation pocket is in the process of healing, the maturation-sensitive
impedance vectors can be significantly tmpacted and the impedance
measurements therein may not reliably indicate occurrence of the target
physiologic event. Using maturation-insensitive impedance vector during the
acute phase of the device site maturation (rather than a maturation-sensitive
impedance vector) can reduce the false positive rate in detecting cvents of
worsening of HF.

{6396 If it 1s determined at 705 that the device site maturationis in a
recovery phase before a stable maturation state is reached, a time-varying
discount factor can be deterrained at 707, The discount factor determines the
weight assigned to an impedance vector used for detecting the target physiologic
event during the pocket recovery phase. In an example, a first time-varying
discount factor can be geuerated for a roaturation-insensitive impedance vector,
and a sccond time-varying discount factor can be generated for a maturation-
sensitive ropedance vector. The first thne-varying discount factor can decrease
over time, and/or the second time-varying discount factor can increase over time.
The first or the second time-varying discount factor can be a hinear, picce-wise
linear, or nonlinear function of the time elapsed from a trigger event such as
device implantation or device pocket revision. Examples of the nonlinear
function can include exponential function, sigmoid function, power function,
polynomial function, radial basis function, arnong others. i an exaraple, the
tirne~varying discount factor can be determined using a maturation progression
metric inciuding a rate, a pattern, or other statistical or morphological signal
features mdicative of the progression of the device site maturation. In one
example, the maturation progression metric can be calculated using a
comparison between a temporal profile of the maturation-sensitive frnpedance

vector and a temporal profile of the maturation-insensitive impedance vector.
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or more impedance vectors. The compaosite timpedance vector can be a weighted
combination of 4 maturation-insensitive irapedance vector and a maturation-
sensitive impedance vector, each weighted by a respective discount factor. The
resulting composition impedance vector can be used to generate a impedance
indicator at 604 to detect the target physiologic event at 605.

{6092} The above detailed description mcludes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments in which the
invention can be practiced. These ermbodivoents are also referred to herein as
“examples.” Such cxamples can include elements in addition to those shown or
described. However, the present inventors also contemplate examples in which
only those elements shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination or permutation of
those elements shown or described (or one or more aspects thereot), either with
respect to a particular example {(or one or more aspects thereof), or with rospect
to other examples {(or one or more aspects thereof) shown or described herein.
{80931 In the cvent of inconsistent usages between this document and
any docurnents so incorporated by reference, the usage o this document
controls.

EHEREY In this document, the terms “a” or “an” are used, as 18 cornmon in
patent documents, to include one or more than one, independent of any other
instances or usages of “at least one” or “one or more.” In this document, the
term “or” s used to refer to a nonexclusive or, such that “A or B” includes “A
butnot B,” “B but not A,” and “A and B,” unless otherwise indicated. In this
document, the terms “including” and “in which™ are used as the plain-English
equivalents of the respective terms “comprising” and “wherein.” Also, n the
following claims, the terms “mcluding” and “comprising” are open-ended, that
is, a system, device, article, composition, formulation, or process that includes
clemeunts i addition to those isted after such a term n a claim are still deemed
to fall within the scope of that claim. Morcover, in the following claims, the
terrns “first,” “second,” and “third,” etc. are used merely as labels, and are not

intended to impose numerical requirements on their objects.
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{6395 Method examples described herein can be machine or computer-
implemented at least in part. Some examples can include a computer-readable
medinm or machine-readable medium encoded with instructions operable o
configure an electronie device to perform methods as described in the above
examples. An implementation of such methods can include code, such as
microcode, assembly langoage code, a higher-level language code, or the like.
Such code can include computer readable instructions for performing various
roethods. The code may forro portions of corputer program products. Further,
in an ¢xample, the code can be tangibly stored on one or more volatile, non-
transitory, or non-volatile tangible computer-readable ruedia, such as daring
execution or at other times. Examples of these tangible computer-readable
redia can include, but are not limited to, hard disks, removable magnetic disks,
removable optical disks {e.g., compact disks and digital video disks), magnetic
casscties, mernory cards or sticks, random access memories (RAMs), read only
memories (ROMs), and the like.

[6696] The above description 1s intended to be illustrative, and not
restrictive. For example, the above-described examples (or one or more aspects
thereof) may be used in combination with each other. Other embodiments can
be used, such as by one of ordinary skill in the art upon reviewing the above
description. The Abstract is provided to comply with 37 C.F.R. §1.72{(b), to
allow the reader to quickly ascertain the nature of the techuical disclosure. It is
submitted with the understanding that it will not be used to interpret or limit the
scope or mueaning of the claims. Also, in the above Detailled Description, various
features may be grouped together to streamline the disclosure. This should not
be interpreted as intending that an unclaimed disclosed feature 1s esseuntial to any
claim. Rather, inventive subject matter may lie in less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby
incorporated into the Detailed Description as exaroples or ernbodiments, with
cach claim standing on 1ts own as a separate embodiment, and 1t 18 contemplated
that such embodiments can be combined with cach other 1u various combinations
or permutations. The scope of the invention should be determined with
reference to the appended claims, along with the full scope of equivalents to

which such claims are entitied.
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What is claimed s
I. A system, comprising:
an arnbulatory medical device (AMD) including:
an electrical impedance analyzer circuit, inchuding:
an impedance sensing circuit configured to be capable of
weasuring from a patient first and second fmpedance vectors, the
first impedance vector having a lower predicted sensitivity to
device site maturation than the second impedance vector;
an impedance vector selector circuit configured to select
at least one impedance vector from the fivst and the second
tmpedance vectors using information correlative to an indication
of the device site maturation; and
an impedance indicator generator circuit configured to
generate an impedance ndicator indicative of a target physiologic
event using the selected at least one impedance vector; and
a physiologic event detector eircutt coupled to the electrical
unpedance analyzer circutt, the physiologic event detector configured to
predict or detect the target physiologic event using the impedance

ndicator.

2. The system of claim 1, comprising a device site maturation assessor
circuit configured to produce the information correlative to the indication of the
device stte maturation, wherein producing the information includes classifying
the device site maturation into ong of two or more device site maturation states,
and wherein the tmpedance vector selector circutt 18 configured to select at least

one impedance vector using the classified device site maturation state.

3, The system of claim 2, wherein the device sife maturation assessor circuit
is configured to assess the device site maturation including maturation of at least
one of an encapsulation pocket for the AMD or a lead-tissue mterface, the
encapsulation pocket including interface between at least a portion of a housing

of the AMD and tissue adjacent to the housing of the AMD,
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4. The systern of any one of claims 1 through 3, wherein the impedance
indicator generator circuit is configured to generate an impedance indicator
mdicative of a worsening of heart tatlure (HF), and the physiclogic event
detector is configured to detect the worsening of HF using the generated

impedance indicator.

3. The system of any one of claims 2 through 4, comprising a physiologic
sensor configared o sense at least one physiologic signal indicative of the device
site maturation state, wherein the device site maturation assessor circuit is
configured to assess the device siie maturation using the sensed at least one

physiologic signal.

6. The system of claim §, wherein the physiologic sensor includes one or
more of an impedance sensor, an acoustic sensor, an accelerometer, a

temperature sensor, or a chemical sensor.

7. The system of any one of claims 1 through 6, comprising a memory
circuit configured to store onc or more parameters defining one or more time
windows relative to a reference time, the one or more tirne windows cach
correlative to a respective device site maturation state, and wherein the
impedance veetor selector circuit 1s configured to select at least one of the first
and second impedance vectors when a time relative to the reference time falls

into at least one of the one or more time windows.

8. The system of claim 7, wherein the reference time includes time of an

event indicative of revision of the encapsulation pocket for the AMB,

9. The systern of any one of clairus 2 through &, whereiu:

the device site maturation assessor circuit is configured to classify the
device site runaturation into one of two or more of an acute state, a recovery state,
or a stable state; and

the mpedance vector selector circuit s configured to select the first
impedance vector from a set of maturation insensitive impedance vectors in
response to the device site maturation being classificd as the acute state, to select
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the sceond impedance vector from a sct of maturation sensitive impedance
vectors i response to the device site maturation being classified as the stable
state, or to select both the first and the second impedance vectors in response to

the device site maturation being classified as the recovery state.

1G. The system of claim 9, wherein:

the set of maturation insensitive impedance vectors includes one of an
orthogonal impedance vector, or an imnpedance vector excluding the can
electrode, the orthogonal impedance vector involving a right ventricle (RV)
electrode, a left ventricle (LV) electrode, and a can electrode; and

the set of maturation sensitive impedance vectors includes an impedance
vector fnvolving a can clectrode and one of the night atrivm (RA) electrode, an

RV electrode or an LV electrode.

11, The system of any one of claims | through 10, wherein:

the impedance vector selector circuit includes an impedance fusion
circuit configured to generate a composite impedance vector using at least one
maturation insensitive impedance vector and at least one maturation sensitive
impedance vector: and

the impedance indicator generator circuit 18 configured to generate an
impedance indicator using the composite impedance vector in response to the

device site maturation being classified as a specified maturation state.

12.  The system of claim 11, wherein the impedance fusion circuit is
configured:

to determine respective weights for the at least one maturation insensitive
impedance vector and the at lcast one maturation sensitive impedance vector;
and

to generate a weighted combination of the at least one maturation
tnsensitive opedance vector and the at least one maturation senstiive impedance

vector using the respective weights.

13, The system of claim 11, wherein the impedance fusion circuit is
configured to determine the respective weights as a function of time.
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14, The systerm of any one of clairus 12 or 13, wherein the impedance fusion
circuit is configured to calculate a recovery characteristic of the maturation
sensitive mapedance vector, and determine the respective weights using the

calculated recovery characteristic.

15 A system, COMprising:
an ambulatory medical device (AMD) including:
a physiologic parameter analyzer circuit, inchuding:
a physiologic parameter generator circuit configured to

10 generate a physiologic parameter using one of first and second
sensing configurations, the physiologic parameter indicative of
electrical impedance, the physiologic parameter generated using
the first sensing configuration having a lower predicted sensitivity
to device site maturation than the physiologic pararacter

15 generated using the second sensing configuration;

a sensing configuration selection circuit configured to
select at least one sensing configuration from the first and second
sensing configurations using information correlative to an
ndication of the device site maturation; and

20 a physiologic event indicator generator circnit configured
to generate an indicator indicative of a target physiologic event
using the physiologic parameter generated using the selected
sensing configuration; and
a physiologic event detector circuit coupled to the physislogic

25 parameter analyzer circuit, the physiologic event detector configured to

predict or detect the target physiologic event using the impedance

indicator.

(9]
N



WO 2015/057451

1/7

PCT/US2014/059686

~{12

{ PHYSIOLOGIC EVENT - {13

| DETBCTOR |

EXTERNAL
SYSTEM

120




WO 2015/057451

23

39“\

PCT/US2014/059686

2/7

DEVICE STTE MATURATION ASSESSOR CIRCUIT
216 22

PHYSIOLOGIC

MATURATION SENSOR
STATUS 214

CLASSIFIER .
TIMER/CLOCK

200

INSTRUCTION
RECEIVER CIRCUIT

2

40~

ELECTRICAL
IMPEDANCE ANALYZER
CIRCUIT

14 2]

CONTROL CIRCUIT

IMPEDANCE VECTOR IMPEDANCE
SELECTOR CIRCUIT SENSING CIRCUIT

1%

IMPEDANCE INDICATOR GENERATOR

230
PHYSIOLOGIC EVENT

DETECTOR CIRCUTT

FIG. 2




WO 2015/057451

3/7

30
IMPEDANCE SENSING CIRCUIT

MATURATION INSENSTIIVE
IMPEDANCE VECTOR(S)

MATURATION SENSITIVE
IMPEDANCE VECTOR(S)

3

PCT/US2014/059686

IMPEDANCE VECTOR SELECTION CIRCUIT
-~ 323
£

= HARD SELECTION CIRCUIT

FROM 210 —

3

/" 31.«6
FUZZY SELECTION CIRCUIT
307

DISCOUNT FACTOR
GENERATION AND UFDATE
CIRCUIT

328
COMPOSITE IMPEDANCE

- T0 226

VECTOR GENERATOR
CIRCUIT

FIG. 3



PCT/US2014/059686

WO 2015/057451

4/7

ay O

qad CUNVIE  Ddd

or O

HHd TUNY

0cr —*

v OId

34 TUNVI

oy —>

J4d

H3d CINVI

APAVAMIPAPARAPRRRSRE SRRAAMAREARARR AR SEREATARMCARMADERSANS L ADARALARARAEARAMAA AN

N R R I A R R

o1y —=r

3. 5 5 ) A £ P

MMM S I MRS LS i

B R e e X N e & E I

NS g e R
I T

100V

134
0¢
&¢
09
9

SUBSTITUTE SHEET (RULE 26)



WO 2015/057451 PCT/US2014/059686

= SENSITIVITY

5/7

E : 5 4 5 ] s a e

FALSE ALARM
(PATIENT-YEAR EVENTS)

FIG. 5



WO 2015/057451 PCT/US2014/059686

8/7

600~
6801

ASSESS DEVICE SITE
MATURATION OF AN IMD

l 602

MEASURE FIRST AND SECOND
IMPEDANCE VECTORS

L 603
SELECT AT LEAST ONE
IMPEDANCE VECTOR

, 804
GENERATE AN IMPEDANCE
INDICATOR

{ 805

DETECT A TARGET
PHYSIOLOGIC EVENT USING
THE IMPEDANCE INDICATOR

FIG. 6



WO 2015/057451

7/7

FROM 602

PCT/US2014/059686

NO 7

N T
~ ATRIGGER ™
EVENT DETECTED

OR RECEIVED? .

VYES o

4

CLASSIFY DEVICE 8ITE
MATURATION STATUS

FIG. 7

N STABLE?
< POST TRIGGER
v T 06 I
SELECT A SFLECT A DETERMINE A
MATURATION-SENSITIVE | | MATURATION-INSENSITIVE TIME-VARYING
IMPEDANCE VECTOR IMPEDANCE VECTOR DISCOUNT FACTOR
I
CREATE A COMPOSITE
IMPEDANCE VECTOR
¥
TO 604




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/059686

A. CLASSIFICATION OF SUBJECT MATTER

INV. A6IN1/362 A6IN1/365
ADD.

A61B5/00

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbcls)

A61B AG6IN

Documentation searched cther than minimum decumentaticn to the extent that such documents are included in the fields searched

Electrenic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 20137197381 Al (CHARLTON SANDRA B [US]
ET AL) 1 August 2013 (2013-08-01)

paragraph [0002]
paragraph [0006] - paragraph [0008]
paragraph [0011] - paragraph [0013]
paragraph [0015] - paragraph [0018]
paragraph [0022] - paragraph [0029]
paragraph [0039]
paragraph [0047] - paragraph [0049]
paragraph [0054] - paragraph [0058]
paragraph [0066] - paragraph [0073]
paragraph [0080] - paragraph [0087]
paragraph [0095]
paragraph [0098] - paragraph [0111]
paragraph [0114] - paragraph [0118]

1,15

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited decuments :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
comhbined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 December 2014

Date of mailing of the international search report

15/12/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Molina Silvestre, A

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

2 December 2010 (2010-12-02)
the whole document

PCT/US2014/059686

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of dooument, with indioation, where appropriate, of the relevant passages Relevant to olaim No.
X US 2012/221066 Al (ROSENBERG STUART [US] 1-15

ET AL) 30 August 2012 (2012-08-30)

abstract; figures 1, 7, 9, 12, 15, 16

paragraph [0001]

paragraph [0005] - paragraph [0006]

paragraph [0019]

paragraph [0025]

paragraph [0027]

paragraph [0030]

paragraph [0033] - paragraph [0034]

paragraph [0037] - paragraph [0038]

paragraph [0061]

paragraph [0063] - paragraph [0070]

paragraph [0076] - paragraph [0078]

paragraph [0080] - paragraph [0085]

paragraph [0089] - paragraph [0090]

paragraph [0092]

paragraph [0103]

paragraph [0106] - paragraph [0107]
A EP 2 143 467 Al (PACESETTER INC [US]) 1-15

13 January 2010 (2010-01-13)

the whole document
A US 2010/305641 Al (PILLAI AJIT [US] ET AL) 1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/059686
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013197381 Al 01-08-2013  NONE
US 2012221066 Al 30-08-2012  NONE
EP 2143467 Al 13-01-2010  EP 2143467 Al 13-01-2010
US 2010004712 Al 07-01-2010
US 2010305641 Al 02-12-2010 US 2010305641 Al 02-12-2010
US 2013261492 Al 03-10-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




patsnap

TREBHR(OF) AR KX ETREN O D EER
DF(RE)F EP3057655A1 DF(E)A 2016-08-24
BiES EP2014786434 RiFH 2014-10-08

FRIRB(EFR)ACGE) CREEERROLAE
RF(EFR)AGE) DREEERR |, INC.
HAREEANR)AGE) DERESR , INC.

[FRIRBAA THAKUR PRAMODSINGH HIRASINGH
AN QI
AVERINA VIKTORIA A

RHEA THAKUR, PRAMODSINGH HIRASINGH
AN, QI
AVERINA, VIKTORIA A.

IPCH =S A61N1/362 A61N1/365 A61B5/00

CPCH %S A61N1/36521 A61B5/04011 A61B5/0538 A61B5/7275 A61N1/3627 A61N1/36542 A61N1/36557 AG61N1
/36585

R 61/891130 2013-10-15 US

ShER4EE Espacenet

MWE(F)

AT RATRUEEBREHNEENSZE , HIMEROHIRIE (HF )
IRERSHEN. BHEFRE (AMD ) AILKNREZMLERR , B
MERBEHRR{F , HEEBRESDXARNREZSRZWER[RBEFARS
Z—o AMDA L\ BIEERMERNoIERER , HANES — RATBRME
RAENE_RABRERKE, JUEREL-MERRE , HEF
DRES RO RBBURARSERESHENRE. AMDT L ERAFTE
BNREAGENRABERBEIETRAT , FEABETNESFRNERHFE
{LHY BAREE B,


https://share-analytics.zhihuiya.com/view/ae8b2399-c597-450b-87ba-41c4a612239f
https://worldwide.espacenet.com/patent/search/family/051743589/publication/EP3057655A1?q=EP3057655A1

