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(57) ABSTRACT

Systems and methods provide for assessing a patient’s
hemodynamic response to a drug therapy. A patient’s hemo-
dynamic response to a drug therapy is monitored using
sensor data acquired using one or more sensors. The
patient’s hemodynamic response to the drug therapy is
quantified, such as by quantifying a patient’s sensitivity or
refractoriness to the drug therapy. The quantified data may
be used to optimize a patient’s drug therapy, among other
uses.
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QUANTIFYING HEMODYNAMIC RESPONSE TO
DRUG THERAPY USING IMPLANTABLE SENSOR

RELATED APPLICATIONS

[0001] This application claims the benefit of Provisional
Patent Application Ser. No. 60/717,961, filed on Sep. 16,
2005, to which priority is claimed pursuant to 35 U.S.C.
§119(e) and which is hereby incorporated herein by refer-
ence.

FIELD OF THE INVENTION

[0002] The present invention relates generally to drug
management and, more particularly, to quantifying a
patient’s hemodynamic response to a drug therapy using
sensor data acquired via a medical device, such as an
implantable medical device.

BACKGROUND OF THE INVENTION

[0003] Day-to-day management of patients with various
diseases and disorders, such as chronic heart failure (HF),
requires accurate clinical assessment of patient hemodynam-
ics. The complex neurohormonal mechanisms that are acti-
vated by left ventricular (LV) dysfunction, for example, can
lead to fluid volume overload and increase in LV filling
pressure. This may be exacerbated by minor changes in salt
and water intake, anemia, and changes in a drug regimen.
The changes often cause cardiac decompensation and accu-
mulation of fluid in lungs, leading to costly hospitalizations
and progressive worsening of heart failure. Timely clinical
intervention may prevent worsening of a patient’s HF status,
requiring accurate and timely assessment of patient state.

[0004] An HF patient typically takes a multitude of drugs
to alleviate symptoms and control the disease progression.
The therapy targets vary between drugs and patients. For
example, drugs that lead to neurohormonal improvement
(e.g., Beta-blockers, ACE-inhibitors) should be titrated to
the target dosage. Diuretics, on the other hand, need to be
optimized on a continuous basis to maintain hemodynamic
balance.

SUMMARY OF THE INVENTION

[0005] The present invention is directed to systems and
methods for assessing a patient’s hemodynamic response to
a drug therapy. Embodiments of the present invention are
directed to quantifying a patient’s hemodynamic response to
a drug therapy. Assessing a patient’s hemodynamic response
to a drug therapy in accordance with the present invention
provides for quantification of a patient’s sensitivity to a drug
therapy.

[0006] According to embodiments of the present inven-
tion, a drug therapy is delivered to a patient. Sensor data is
acquired using an implantable medical device. A hemody-
namic response of the patient to the drug therapy is quan-
tified using the acquired sensor data. Quantifying the hemo-
dynamic response of the patient may involve quantifying a
sensitivity of the patient’s hemodynamic response to the
drug therapy, typically with knowledge of dosage and time
of drug delivery. This knowledge may be derived automati-
cally by monitoring the sensor arrangements as described
herein. Quantifying the hemodynamic response of the
patient may also involve indicating a degree of patient
refractoriness to the drug therapy. Quantifying the hemody-
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namic response of the patient may be based on continuously
acquired sensor data or sensor data acquired on a periodic or
intermittent basis. Quantifying the hemodynamic response
of the patient comprises may involve calculating a rate of
change in acquired sensor data from pre- to post-drug
therapy.

[0007] The quantified hemodynamic response of the
patient to the drug therapy may be used for a variety of
purposes, such as monitoring for drug therapy compliance of
the patient. The patient’s quantified hemodynamic response
to the drug therapy may be used for adjusting the drug
therapy delivered to the patient. The patient’s quantified
hemodynamic response may also be used for informing one
or both of a clinician and the patient of the patient’s
hemodynamic status and/or alerting one or both of a clini-
cian and the patient of a need for drug therapy adjustment.
For example, parameters may be detected to quantify drug
sensitivity of the patient, wherein one, some, or all of the
parameters are trended for one or more of monitoring the
drug therapy for compliance, refractoriness, titration, and
optimization of the drug therapy, generating alerts to a
clinician, physician, or the patient, and triggering automatic
release of a drug from an implanted drug pump.

[0008] The implantable medical device may include a
sensor arrangement configured to measure one or a number
of hemodynamic parameters of the patient. The implantable
medical device may, for example, include a sensor arrange-
ment configured to measure one or more of a blood (internal
filling) pressure, electrical activity of the patient’s heart,
impedance changes within the patient, heart sounds, blood
chemicals, and other physiological parameters. In other
configurations, the medical device may be a patient-external
medical device that includes a sensor arrangement config-
ured to externally measure one or a number of hemodynamic
parameters of the patient, such as those identified above and
elsewhere herein.

[0009] According to embodiments of the present inven-
tion, quantifying the hemodynamic response of the patient
involves trending the acquired sensor data. Quantifying the
hemodynamic response of the patient may involve, for
example, generating a trending curve using the acquired
sensor data, and fitting an n"-order polynomial to the
trending curve, where n is an integer greater than or equal to
1. Ensemble averaging of the fitting curve may be performed
to cumulatively monitor the change in drug sensitivity over
days, weeks, or months of drug therapy. A highest order
coefficient of the n™-order polynomial may be used to
indicate an extent of trending curve flattening, wherein
trending curve flattening is indicative of reduced sensitivity
of the patient’s hemodynamic response to the drug therapy.
Quantifying can also include comparing the trending curve
to trending curves previously generated during high patient
sensitivity to a drug of the drug therapy or during initiation
or calibration associated with sensor data acquisition. Quan-
tifying can further include calculating the rate of change of
the acquired sensor data pre- and post-drug therapy.

[0010] In various embodiments, quantifying the hemody-
namic response of the patient may be performed within the
implantable medical device. In other embodiments, quanti-
fying the hemodynamic response of the patient is performed
using a patient-external system.

[0011] According to further embodiments of the present
invention, systems for monitoring a patient’s hemodynamic
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response to a drug therapy include an implantable medical
device comprising a sensor arrangement configured to
acquire sensor data. A processor is coupled to the sensor
arrangement. The processor is configured to quantify a
hemodynamic response of the patient to the drug therapy
using the acquired sensor data. The processor may be
disposed within the implantable medical device or within a
patient-external system, such as a programmer, personal
communicator or networked patient management server, for
example.

[0012] The above summary of the present invention is not
intended to describe each embodiment or every implemen-
tation of the present invention. Advantages and attainments,
together with a more complete understanding of the inven-
tion, will become apparent and appreciated by referring to
the following detailed description and claims taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1is a flow diagram of a method for assessing
a patient’s hemodynamic response to a drug therapy in
accordance with embodiments of the present invention;

[0014] FIG. 2 is a flow diagram of a method for assessing
a patient’s hemodynamic response to a drug therapy in
accordance with other embodiments of the present inven-
tion;

[0015] FIG. 3 is a block diagram showing a variety of
illustrative operations that may be performed in response to
an output indicative of a patient’s quantified hemodynamic
response to a drug therapy in accordance with embodiments
of the present invention;

[0016] FIG. 4 is ablock diagram of a system for managing
patient drug delivery based on a quantified hemodynamic
response of the patient to the drug delivery in accordance
with embodiments of the present invention;

[0017] FIG. 5 is a table that quantifies curvature (and
hence sensitivity to the drug) from a second-order polyno-
mial fit to hemodynamic sensor data acquired from an
implantable sensor in accordance with embodiments of the
present invention;

[0018] FIG. 6 is a graphical representation of the data
tabulated in FIG. 5;

[0019] FIG. 7 is an illustration of an implantable cardiac
device including a lead assembly shown implanted in a
sectional view of a heart, the implantable cardiac device
implemented to sense one or more hemodynamic parameters
of a patient in accordance with embodiments of the inven-
tion; and

[0020] FIG. 8 is an illustration of an implantable medical
device including a subcutaneous, non-intrathoracic lead
assembly shown implanted outside the ribcage, the implant-
able medical device implemented to sense one or more
hemodynamic parameters of a patient in accordance with
embodiments of the invention.

[0021] While the invention is amenable to various modi-
fications and alternative forms, specifics thereof have been
shown by way of example in the drawings and will be
described in detail below. It is to be understood, however,
that the intention is not to limit the invention to the particular
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embodiments described. On the contrary, the invention is
intended to cover all modifications, equivalents, and alter-
natives falling within the scope of the invention as defined
by the appended claims.

DETAILED DESCRIPTION OF VARIOUS
EMBODIMENTS

[0022] In the following description of the illustrated
embodiments, references are made to the accompanying
drawings, which form a part hereof, and in which is shown
by way of illustration, various embodiments in which the
invention may be practiced. It is to be understood that other
embodiments may be utilized, and structural and functional
changes may be made without departing from the scope of
the present invention.

[0023] A medical device according to the present inven-
tion may include one or more of the features, structures,
methods, or combinations thereof described hereinbelow.
For example, a cardiac monitor, cardiac stimulator, or other
type of implantable or patient-external medical device may
be implemented to include one or more of the advantageous
features and/or processes described below. It is intended that
such a monitor, stimulator, or other external, implanted or
partially implanted device need not include all of the fea-
tures described herein, but may be implemented to include
selected features that provide for useful structures and/or
functionality. Such a device may be implemented to provide
a variety of therapeutic or diagnostic functions.

[0024] A wide variety of implantable medical devices,
such as cardiac sensing and/or stimulation devices, may be
configured to implement a hemodynamic response quanti-
fication methodology of the present invention. A non-limit-
ing, representative list of such devices includes cardiac
monitors, pacemakers, cardiovertors, defibrillators, resyn-
chronizers, and other cardiac sensing and therapy delivery
devices. These devices may be configured with a variety of
electrode arrangements, including surface, transvenous,
endocardial, and epicardial electrodes (i.e., intrathoracic
electrodes), and/or subcutaneous, non-intrathoracic elec-
trodes, including can, header, and indifferent electrodes, and
subcutaneous array or lead electrodes (i.e., non-intrathoracic
electrodes).

[0025] A wvariety of devices other than cardiac monitoring/
stimulation devices may also be implemented to provide for
hemodynamic response quantification, such as external and
implantable drug delivery devices equipped with an external
or implantable hemodynamic sensor or nerve stimulation
devices equipped with an implantable or external hemody-
namic sensor, for example. Such devices are referred to
herein generally as a patient-implantable medical device
(PIMD) for convenience, it being understood that such a
medical device may alternatively be implemented as a
patient-external medical device.

[0026] The present invention is directed to systems and
methods for assessing a patient’s hemodynamic response to
a drug therapy. Embodiments of the present invention are
directed to quantifying a patient’s hemodynamic response to
a drug therapy. Assessing a patient’s hemodynamic response
to a drug therapy in accordance with the present invention
provides for quantification of a patient’s sensitivity to a drug
therapy, such as by indicating when and to what extent a
patient becomes refractory to a particular drug. Managing a
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patient’s drug regimen in accordance with the present inven-
tion provides for quantification of individual patient
response to a drug, such as a diuretic, in the presence of other
drugs, different dosages, posture changes, and other patient
conditions that can change over time.

[0027] Providing a clinician or physician with a quantified
response of the patient to a given drug therapy permits the
clinician or physician to better understand the patient’s
individual drug response and facilitates optimization of the
patient’s drug regimen. In the absence of quantified response
data made available by embodiments of the present inven-
tion, the clinician or physician is limited to traditional
techniques of adjusting drug dosages and/or frequency of
delivery based on judgment and/or professional norms.

[0028] Problems arising from such traditional approaches
to drug therapy management are of particular concern for
patients that suffer from heart failure, for example. Main-
taining hemodynamic balance in patients suffering from HF
is critical to improved quality of life and prevention of
decompensation episodes that cause such patients to fre-
quently return to the hospital. For example. it is estimated
that nearly one million hospital admissions for acute dec-
ompensated heart failure (HF) occur in the United States
each year, which is almost double the number admitted 15
years ago. The re-hospitalization rates during the 6 months
following discharge are as much at 50%. Nearly 2% of all
hospital admissions in the United States are for decompen-
sated HF patients, and heart failure is the most frequent
cause of hospitalization in patients older than 0.65 years.
The average duration of hospitalization is about 6 days.
Despite aggressive therapies, hospital admissions for HF
continue to increase, reflecting the prevalence of this
malady.

[0029] Presently, physicians attempt to maintain hemody-
namic balance in HF patients by titrating a slew of symptom
reducing drugs, such as diuretics, and neurohormonal drugs,
such as Beta-blockers. This is done during times of follow-
ups, severe symptomatic distress, and/or hospitalizations.
Minimal day-to-day chronic management is done to opti-
mize such medications. Furthermore, since no quantification
of patient response to drug regimens is performed, these
drugs are titrated using qualitative observations and assess-
ment, such as by doubling dosages or increasing drug
administration frequency, for example. Consequently, since
a patient’s physiologic state changes with the pathophysi-
ology of the HF disease, the patient response to the drug
varies with successive interventions.

[0030] Providing physicians with a quantified response of
the patient to a drug therapy overcomes problems associated
with conventional drug titration approaches by providing
objective data from which physicians may gain access to an
individual patient’s physiologic state, and allows for the
delivery of optimal drug therapy to the patient.

[0031] Turning now to FIG. 1, there is illustrated a method
100 of assessing a patient’s hemodynamic response to a drug
therapy in accordance with embodiments of the present
invention. According to the method 100 shown in FIG. 1, a
drug therapy is delivered to, or taken by, a patient 102.
Sensor data is acquired 104 using a medical device, which
is preferably an implantable device but may alternatively be
a patient-external device. A hemodynamic response to the
drug therapy is quantified 106 using the acquired sensor data
106.
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[0032] By way of example, data acquired by an implant-
able sensor may be trended after delivery of a particular
drug, such as a diuretic, to a patient afflicted with edema.
Upon successive treatment for edema with the diuretic, the
sensor data curve may appear to flatten out, which indicates
that the same dosing of the drug is not providing the same
beneficial effect as it did in previous interventions. The
trended data provides quantified evidence to the physician
that the patient is becoming progressively more refractory to
the drug. The physician may appropriately adjust the drug
therapy delivered to the patient, and the patient’s hemody-
namic response to the adjusted therapy may again be
assessed and quantified to arrive at an optimal drug regimen
for the patient.

[0033] FIG. 2 illustrates a method 200 of assessing a
patient’s hemodynamic response to a drug therapy in accor-
dance with other embodiments of the present invention.
According to the method 200, a drug therapy is delivered
202 to a patient. Sensor data is acquired 204 using a medical
device, preferably an implantable medical device but may
alternatively be a patient-external device. A trending curve
is generated 206 using the acquired sensor data. An n™-order
polynomial curve is fitted 208 to the trending curve. It is
understood that other curve fitting techniques may be
employed. A hemodynamic response to the drug therapy is
determined 210 using the trending curve. An output indica-
tive of the patient’s hemodynamic response to the drug
therapy is produced 212.

[0034] In one embodiment, and as discussed previously, a
2*.order polynomial may be fitted to the trending curve.
Ensemble averaging of the fitting curve may be performed
to cumulatively monitor the change in drug sensitivity over
days, weeks, or months of drug therapy. The highest order
coeflicient (e.g., curvature) indicates the extent of curve
flattening. The closer the highest order coeflicient is to zero,
the flatter the response. Flattening of the trending curve
provides quantified evidence that the patient is becoming or
has become refractory to the administered drug. Current and
past trending curves may be compared to reveal useful
information concerning the patient’s response to a drug
therapy and for purposes of sensor initialization and cali-
bration. For example, a trending curve can be compared to
a trending curve previously generated during high patient
sensitivity to a drug of the drug therapy or during initiation
or calibration associated with sensor data acquisition. Trend-
ing curves provide a useful visual tool that allows physicians
or clinician to assess the sensitivity or insensitivity of the
patient to a drug regimen.

[0035] FIG. 3 is a block diagram showing a variety of
illustrative operations that may be performed in response to
an output indicative of a patient’s quantified hemodynamic
response to a drug therapy in accordance with embodiments
of the present invention. As is shown in FIG. 3, an output of
a patient’s quantified hemodynamic response to a drug
therapy is provided 302. This output may take various forms
and be used for a variety of purposes. The output may be
produced by a medical device implanted within the patient.
The output may also be produced by a patient-external
device that receives sensor data from a medical device
implanted within the patient. Other output scenarios are
contemplated.

[0036] As is shown in FIG. 3, the hemodynamic status of
the patient may be determined or indicated 304 using the
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output 302. An alert to the clinician and/or patient 306 may
be generated and communicated in various forms to the
clinician and/or patient in response to the output 302. Drug
therapy compliance by the patient may be monitored 308
using the output 302. A signal indicative of the patient’s
quantitative hemodynamic response may be produced 310
and take several forms, including an electrical or electro-
magnetic signal, optical signal, or acoustic signal, for
example.

[0037] A degree of patient refractoriness to the drug
therapy may be determined or indicated 312 based on the
output 302. A sensitivity of the patient’s hemodynamic
response to the drug therapy may be determined or indicated
314. The drug therapy may be adjusted or titrated 316 as
discussed above. Statistical analyses of hemodynamic
response data may be initiated or performed 318 in response
to the output 302.

[0038] The patient and/or clinician may be prompted 320,
such as by audible, textual, or visual means, as to the need
for drug administration as originally prescribed or adjusted
by the physician. A patient’s sensitivity of hemodynamic
response to the drug regimen may be monitored and/or
trended 322, such as in the manner discussed above. A
variety of hemodynamic response data, trend data, and other
drug and physiological data may be displayed 322 for use by
the patient, clinician, and/or physician. FIG. 3 is intended to
provide a non-exhaustive, non-limiting listing of examples
concerning the use of quantified hemodynamic response
data acquired using an implantable or patient-external medi-
cal device in accordance with the principles of the present
invention.

[0039] FIG. 4 is a block diagram of a system 400 for
managing patient drug delivery based on a quantified hemo-
dynamic response of the patient to the drug delivery in
accordance with embodiments of the present invention. FIG.
4 shows a patient 402 that is receiving drug therapy as
prescribed by a physician. The drug therapy may be deliv-
ered to the patient 402 by infusion using a drug therapy
device 404, such as a drug pump device. The drug therapy
may also be delivered by patient consumption of the pre-
scribed medication, in which case the drug therapy device
404 may represent a pill counting device or drug consump-
tion questionnaire, for example.

[0040] The system 400 shown in FIG. 4 includes a patient-
implantable medical device 406 that is implanted in the
patient 402. PIMD 402 incorporates or is coupled to one or
more implantable sensors 408. One or more of the sensors
408 are configured to sense a hemodynamic parameter or
condition of the patient. Such sensors 408 may include one
or more of a blood (internal filling) pressure sensor, blood
flow sensor, blood temperature sensor, heart sounds sensor
(e.g., accelerometer or microphone), impedance sensor (e.g.,
implanted transthoracic total impedance sensor) and blood
chemistry or composition sensor (e.g., PO, sensor, SAO,
sensor, glucose sensor, lactate sensor, PCO, sensor, pH
sensor, and molecular probe). Examples of suitable blood
(internal filling) pressure sensors, blood flow sensors, blood
temperature sensors, and associated detection techniques are
described in commonly-owned U.S. Pat. Nos. 6,666,826 and
6,892,095, which are hereby incorporated herein by refer-
ence.

[0041] A variety of external sensors 405 may also be used
to sense various physiological parameters of the patient.
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Such external sensors 405 may include one or more of a
pulse oximetry sensor, blood pressure sensor, blood chem-
istry sensor, patient temperature sensor, EKG sensor
arrangement, among others.

[0042] The system 400 includes a number of patient-
external devices. An external system interface 410 includes
communication circuitry configured to effect communica-
tions with PIMD 406. External system interface 410 may
also be configured to effect communications with the drug
therapy device 404, such as by a unidirectional or bi-
directional communication link. External system interface
410 may further be configured to effect communications
with external sensors 405.

[0043] Uni-directional communications facilitates the
transfer of drug therapy information (e.g., drug type, dosage,
day/time of administration) from the drug therapy device
404 to the external system interface 410. It is understood that
the external system interface 410 may be integral to, or
separate from, the drug therapy device 404 in various
embodiments. Bi-directional communications facilitates
closed-loop management of the patient’s drug therapy,
which preferably allows for physician input/intervention
within the loop established between the drug therapy device
404 and PIMD 406. This system configuration advanta-
geously allows for automatic or semi-automatic titration of
a drug therapy delivered to a patient.

[0044] The external system interface 410 may be commu-
nicatively coupled to, or integral with, one or more of a
programmer 416, an advanced patient management system
418, a portable or hand-held communicator 414, or other
patient-external system. The external system interface 410 is
coupled to a user interface 412, such as a graphical user
interface or other interface that provides a display. User
interface 412 preferably includes a user actuatable input/
output device, such as a keyboard, touch screen sensor,
mouse, light pen, and the like. The user interface 412 may
be used to input drug therapy information, such as type of
drug(s) being administered, dosage of such drugs, times and
dates of drug administration, patient information, including
patient weight, perception of wellness, and other informa-
tion relevant to the patient’s condition or drug regimen.

[0045] A quantification processor 420 is shown coupled to
the external system interface 410. Alternatively, quantifica-
tion processor 420 may be incorporated as a component of
the PIMD 406, as is shown in phantom. The quantification
processor 420 may also be incorporated as a component of
the communicator 414, programmer 416, or APM system
418. The quantification processor 420 performs the various
processes described above and provides quantified hemo-
dynamic response data to the external system interface 410
for display to the physician, clinician, and/or patient via the
user interface 412, for example.

[0046] Turning now to FIG. 5, there is shown a table that
quantifies curvature (and hence sensitivity to the drug) from
a second-order polynomial fit to hemodynamic sensor data
acquired from an implantable sensor in accordance with
embodiments of the present invention. FIG. 6 is a graphical
representation of the data tabulated in FIG. 5. FIGS. 5 and
6 demonstrate the ability to measure the acute response to a
drug, such as a diuretic, and indicate to the physician
changes, chronologically, in drug-sensitivity due to the
status (e.g., HF status) of the patient. A worsening in HF
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status of the patient causes the curvature of the trending
curve in FIG. 6 to get closer to zero and hence the response
time of the therapy is longer (or not existent).

[0047] The data of FIGS. 5 and 6 demonstrate that the
effect of the drug is reliably detectable by the implantable
sensor. FIGS. 5 and 6 further demonstrate that drug effect
may be monitored and used to provide effective therapy to
HF patients or other patient disease states. Using one or
more implantable sensors, such as those described above, a
patient’s hemodynamic response to a diuretic, for example,
may be monitored, quantified, and relayed to the physician
to optimally treat patients with different doses or types of
diuretics. Issues of compliance, refractoriness to medication,
and optimization may also be targeted. For example, present
clinical practice optimizes diuretic regimen by adding thi-
azide diuretics to loop diuretics to increase fluid reduction.
A drug therapy management approach consistent with the
principles of the present invention can target and improve
such clinical practice.

[0048] Various embodiments described herein may be
used in connection with devices that provide for HF moni-
toring, diagnosis, and/or therapy. A patient implantable
medical device or PIMD of the present invention may
incorporate HF features involving dual-chamber or bi-ven-
tricular pacing/therapy, cardiac resynchronization therapy,
cardiac function optimization, or other HF related method-
ologies. For example, a PIMD of the present invention may
incorporate features of one or more of the following refer-
ences: commonly owned U.S. patent application Ser. No.
10/270,035, filed Oct. 11, 2002, entitled “Timing Cycles for
Synchronized Multisite Cardiac Pacing;” and U.S. Pat. Nos.
6,411,848; 6,285,907; 4,928,688; 6,459,929; 5,334,222;
6,026,320, 6,371,922; 6,597,951; 6,424,865; and 6,542,775,
each of which is hereby incorporated herein by reference.

[0049] Certain configurations illustrated herein are genet-
ally described as capable of implementing various functions
traditionally performed by an implantable cardioverter/
defibrillator (ICD), and may operate in numerous cardiover-
sion/defibrillation modes as are known in the art. Examples
of ICD circuitry, structures and functionality, aspects of
which may be incorporated in a PIMD of the present
invention, are disclosed in commonly owned U.S. Pat. Nos.
5,133,353: 5,179,945; 5,314,459; 5,318,597 5,620,466 and
5,662,688, which are hereby incorporated herein by refer-
ence.

[0050] In particular configurations, systems and methods
may perform functions traditionally performed by pacemak-
ers, such as providing various pacing therapies as are known
in the art, in addition to cardioversion/defibrillation thera-
pies. Examples of pacemaker circuitry, structures and func-
tionality, aspects of which may be incorporated in a PIMD
of the present invention, are disclosed in commonly owned
U.S. Pat. Nos. 4,562,841; 5,284.136; 5,376,106; 5,036,849,
5,540,727, 5,836,987; 6,044,298; and 6,055,454, which are
hereby incorporated herein by reference. It is understood
that PIMD configurations may provide for non-physiologic
pacing support in addition to, or to the exclusion of, brady-
cardia and/or anti-tachycardia pacing therapies.

[0051] A PIMD in accordance with the present invention
may implement diagnostic and/or monitoring functions as
well as provide cardiac stimulation therapy. Examples of
cardiac monitoring circuitry, structures and functionality,
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aspects of which may be incorporated in a PIMD of the
present invention, are disclosed in commonly owned U.S.
Pat. Nos. 5,313,953; 5,388,578; and 5,411,031, which are
hereby incorporated herein by reference.

[0052] Referring now to FIG. 7, there is illustrated an
embodiment of a PIMD configured to sense one or more
hemodynamic parameters for purposes of quantifying a
hemodynamic response to a patient’s drug therapy in accor-
dance with embodiments of the present invention. In this
illustrative example, the PIMD includes a cardiac rhythm
management device (CRM) 700 including an implantable
pulse generator 705 electrically and physically coupled to an
intracardiac lead system 710.

[0053] Portions of the intracardiac lead system 710 are
inserted into the patient’s heart 790. The intracardiac lead
system 710 includes one or more electrodes and/or sensors
configured to sense electrical cardiac activity of the heart,
deliver electrical stimulation to the heart, sense the patient’s
transthoracic impedance or transthoracic total impedance,
sense blood (internal filling) pressure, blood flow, and/or
blood temperature, sense acceleration and/or body acoustics,
and/or sense other physiological parameters. Portions of the
housing 701 of the pulse generator 705 may optionally serve
as a can electrode.

[0054] Comniunications circuitry is disposed within the
housing 701 for facilitating communication between the
pulse generator 705 and an external communication device,
such as a portable or bed-side communication station,
patient-carried/worn communication station (e.g., commu-
nicator), external programmer or advanced patient manage-
ment system interface, for example. The communications
circuitry may also facilitate unidirectional or bidirectional
communication with one or more implanted, external, cuta-
neous, or subcutaneous physiologic or non-physiologic sen-
sors, patient-input devices and/or information systems.

[0055] The pulse generator 705 may optionally incorpo-
rate a motion detector 720 that may be used to sense patient
activity as well as various respiration and cardiac related
conditions. For example, the motion detector 720 may be
optionally configured to sense snoring, activity level, and/or
chest wall movements associated with respiratory effort, for
example. The motion detector 720 may be implemented as
an accelerometer positioned in or on the housing 701 of the
pulse generator 705. For a motion sensor implemented as an
accelerometer, the motion sensor may also provide respira-
tory, e.g. rales, coughing, and cardiac, e.g. S1-S4 heart
sounds, murmurs, and other acoustic information. An accel-
erometer may be used to develop respiration waveforms
from which various respiratory parameters may be devel-
oped.

[0056] Thelead system 710 and pulse generator 705 of the
CRM 700 may incorporate one or more transthoracic imped-
ance sensors that may be used to acquire the patient’s
respiration waveform, or other respiration-related informa-
tion. The transthoracic impedance sensor may include, for
example, one or more intracardiac electrodes 741, 742,
751-755, 763 positioned in one or more chambers of the
heart 790. The intracardiac electrodes 741, 742, 751-755,
763 may be coupled to impedance drive/sense circuitry 730
positioned within the housing of the pulse generator 705.

[0057] In oneimplementation, impedance drive/sense cir-
cuitry 730 generates a current that flows through the tissue
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between an impedance drive electrode 751 and a can elec-
trode on the housing 701 of the pulse generator 705. The
voltage at an impedance sense electrode 752 relative to the
can electrode changes as the patient’s transthoracic imped-
ance changes. The voltage signal developed between the
impedance sense electrode 752 and the can electrode is
detected by the impedance sense circuitry 730. Other loca-
tions and/or combinations of impedance sense and drive
electrodes are also possible.

[0058] The lead system 710 may include one or more
cardiac pace/sense electrodes 751-755 positioned in, on, or
about one or more heart chambers for sensing electrical
signals from the patient’s heart 790 and/or delivering pacing
pulses to the heart 790. The intracardiac sense/pace elec-
trodes 751-755, such as those illustrated in FIG. 7, may be
used to sense and/or pace one or more chambers of the heart,
including the left ventricle, the right ventricle, the left atrium
and/or the right atrium. The lead system 710 may include
one or more defibrillation electrodes 741, 742 for delivering
defibrillation/cardioversion shocks to the heart.

[0059] The lead system 710 may include one or more
leads each having one or more electrodes that extend into the
heart. FIG. 7 shows three such leads, one that extends into
the right atrium, one that extends into the right ventricle, and
one that extends into a coronary vein for placement at the
surface of the left ventricle. The left ventricular lead, in
particular, includes an LV distal electrode 755 and an LV
proximal electrode 754 located at appropriate locations in or
about the left ventricle for pacing and/or sensing the left
ventricle. The left ventricular lead may be guided into the
right atrium of the heart via the superior vena cava. From the
right atrium, the left ventricular lead may be deployed into
the coronary sinus ostium, the opening of the coronary sinus.
The lead may be guided through the coronary sinus to a
coronary vein of the left ventricle. This vein is used as an
access pathway for leads to reach the surfaces of the left
ventricle that are not directly accessible from the right side
of the heart.

[0060] The pulse generator 705 may include circuitry for
detecting cardiac arrhythmias and/or for controlling pacing
or defibrillation therapy in the form of electrical stimulation
pulses or shocks delivered to the heart through the lead
system 710. The pulse generator 705 may also incorporate
circuitry, structures and functionality of the implantable
medical devices disclosed in commonly owned U.S. Pat.
Nos. 5,203,348; 5,230,337; 5,360,442; 5,366,496; 5,397,
342; 5,391,200; 5,545,202; 5,603.732; and 5,916,243;
6,360,127; 6,597,951; and US Patent Publication No. 2002/
0143264, which are hereby incorporated herein by refer-
ence.

[0061] For purposes of illustration, and not of limitation,
various embodiments of devices implemented in accordance
with the present invention are described herein in the context
of PIMDs that may be implanted under the skin in the chest
region of a patient. A PIMD may, for example, be implanted
subcutaneously such that all or selected elements of the
device are positioned on the patient’s front, back, side, or
other body locations suitable for sensing cardiac activity
and/or delivering cardiac stimulation therapy. It is under-
stood that elements of the PIMD may be located at several
different body locations, such as in the chest, abdominal, or
subclavian region with electrode elements respectively posi-
tioned at different regions near, around, in, or on the heart.
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[0062] The primary housing (e.g., the active or non-active
can) of the PIMD, for example, may be configured for
positioning outside of the rib cage at an intercostal or
subcostal location, within the abdomen, or in the upper chest
region (e.g., subclavian location, such as above the third rib).
In one implementation, one or more leads incorporating
electrodes may be located in direct contact with the heart,
great vessel or coronary vasculature, such as via one or more
leads implanted by use of conventional transvenous delivery
approaches. In another implementation, one or more elec-
trodes may be located on the primary housing and/or at other
locations about, but not in direct contact with the heart, great
vessel or coronary vasculature.

[0063] In a further implementation, for example, one or
more electrode subsystems or electrode arrays may be used
to sense cardiac activity and deliver cardiac stimulation
energy in a PIMD configuration employing an active can or
a configuration employing a non-active can. Electrodes may
be situated at anterior and/or posterior locations relative to
the heart. Examples of useful electrode locations and fea-
tures that may be incorporated in various embodiments of
the present invention are described in commonly owned,
co-pending U.S. patent application Ser. No. 10/465,520 filed
Jun. 19, 2003, entitled “Methods and Systems Involving
Subcutaneous Electrode Positioning Relative to a Heart,”
and Ser. No. 10/738,608 filed Dec. 17, 2003, entitled “Noise
Canceling Cardiac Electrodes,” which are hereby incorpo-
rated herein by reference.

[0064] In one configuration, as is illustrated in FIG. 8,
electrode subsystems of a PIMD system are arranged about
a patient’s heart 810. The PIMD system includes a first
electrode subsystem, comprising a can electrode 802, and a
second electrode subsystem 804 that includes at least two
electrodes or at least one multi-element electrode. The
second electrode subsystem 804 may include a number of
electrodes used for sensing and/or electrical stimulation.

[0065] In various configurations, the second electrode
subsystem 804 may include a combination of electrodes.
The combination of electrodes of the second electrode
subsystem 804 may include coil electrodes, tip electrodes,
ring electrodes, multi-element coils, spiral coils, spiral coils
mounted on non-conductive backing, screen patch elec-
trodes, and other electrode configurations as will be
described below. A suitable non-conductive backing mate-
rial is silicone rubber, for example.

[0066] The can electrode 802 is positioned on the housing
801 that encloses the PIMD electronics. In one embodiment,
the can electrode 802 includes the entirety of the external
surface of housing 801. In other embodiments, various
portions of the housing 801 may be electrically isolated from
the can electrode 802 or from tissue. For example, the active
area of the can electrode 802 may include all or a portion of
either the anterior or posterior surface of the housing 801 to
direct current flow in a manner advantageous for cardiac
sensing and/or stimulation. For example, portions of the
housing 801 may be covered with a non-conductive, or
otherwise electrically resistive, material to direct current
flow. Suitable non-conductive material coatings include
those formed from silicone rubber, polyurethane, or
parylene, for example.

[0067] The PIMD system shown in FIG. 8 incorporates
one or more sensors configured to sense a parameter useful
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for assessing hemodynamic status. A sensor may be dis-
posed on housing 801, such that element 802 may be
representative of such sensor(s) alone or in combination
with a can electrode. A sensor(s) may be disposed on another
component of the PIMD system, such as on lead 806, a lead
separate from lead 806, or on the subsystem element 8§04,
which may be representative of such sensor(s) alone or in
combination with a cardiac electrode.

[0068] A PIMD of the present invention may be imple-
mented to communicate with a patient management server
or network via an appropriate communications interface or
an external programmer. A PIMD of the present invention
may be used within the structure of an advanced patient
management (APM) system. The advanced patient manage-
ment system allows physicians to remotely and automati-
cally monitor cardiac and respiratory functions, as well as
other patient conditions. In one example, a PIMD imple-
mented as a cardiac pacemaker, defibrillator, or resynchro-
nization device may be equipped with various telecommu-
nications and information technologies that enable real-time
data collection, diagnosis, and treatment of the patient.
Various PIMD embodiments described herein may be used
in connection with advanced patient management. Methods,
structures, and/or techniques described herein, which may
be adapted to provide for remote patient/device monitoring,
diagnosis, therapy, or other APM related methodologies,
may incorporate features of one or more of the following
references: U.S. Pat. Nos. 6,221,011; 6,270,457; 6,277,072,
6,280,380; 6,312,378; 6,336,903; 6,358,203; 6,368,284
6,398,728; and 6,440,066, which are hereby incorporated
herein by reference.

[0069] The components, functionality, and structural con-
figurations depicted herein are intended to provide an under-
standing of various features and combination of features that
may be incorporated in a PIMD or patient-external medical
device. It is understood that a wide variety of PIMDs,
external medical devices, and other implantable cardiac
monitoring and/or stimulation device configurations are
contemplated, ranging from relatively sophisticated to rela-
tively simple designs. As such, particular medical device
configurations may include particular features as described
herein, while other such device configurations may exclude
particular features described herein.

[0070] Various modifications and additions can be made to
the preferred embodiments discussed hereinabove without
departing from the scope of the present invention. For
example, the methods and systems described herein gener-
ally include an implantable device or sensor for measuring
one or more hemodynamic parameters of the patient. It is
understood that methods and systems of the present inven-
tion may be implemented using patient-external devices and
sensors, and that the embodiments described herein may be
implemented in the context of such patient-external devices
and sensors. Accordingly, the scope of the present invention
should not be limited by the particular embodiments
described above, but should be defined only by the claims
set forth below and equivalents thereof.

What is claimed is:
1. A method, comprising:

delivering a drug therapy to a patient;

acquiring sensor data using an implantable medical
device; and
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quantifying a hemodynamic response of the patient to the

drug therapy using the acquired sensor data.

2. The method of claim 1, wherein quantifying the hemo-
dynamic response of the patient comprises quantifying a
sensitivity of the patient’s hemodynamic response to the
drug therapy.

3. The method of claim 1, wherein:

delivering the drug therapy comprises delivering a pre-
determined dosage of a drug at a known time to the
patient; and

quantifying the hemodynamic response of the patient
comprises quantifying patient sensitivity to the drug
delivered at the predetermined dosage and known time
using the acquired sensor data.

4. The method of claim 1, wherein:

delivering the drug therapy comprises determining infor-
mation concerning the drug delivery using acquired
sensor data and detecting patient response to the drug
therapy; and

quantifying the hemodynamic response of the patient
comprises quantifying patient sensitivity to the drug
delivered based on the determined information.

5. The method of claim 1, wherein quantifying the hemo-
dynamic response of the patient comprises indicating a
degree of patient refractoriness to the drug therapy.

6. The method of claim 1, wherein quantifying the hemo-
dynamic response of the patient comprises trending the
acquired sensor data.

7. The method of claim 1, wherein quantifying the hemo-
dynamic response of the patient comprises:

generating a trending curve using the acquired sensor
data; and

fitting an n™-order polynomial to the trending curve,
where 1 is an integer greater than or equal to 1.

8. The method of claim 7, wherein a highest order
coefficient of the n™-order polynomial is used to indicate an
extent of trending curve flattening, wherein trending curve
flattening is indicative of reduced sensitivity of the patient’s
hemodynamic response to the drug therapy.

9. The method of claim 1, wherein quantifying the hemo-
dynamic response of the patient comprises:

generating a trending curve using the acquired sensor
data;

fitting an n™-order polynomial to the trending curve,
where n is an integer greater than or equal to 1; and

ensemble averaging the fitting curve to cumulatively
monitor the change in drug sensitivity over days,
weeks, or months of drug therapy.
10. The method of claim 1, wherein quantifying the
hemodynamic response of the patient comprises:

generating a trending curve using the acquired sensor
data;

fitting an n™-order polynomial to the trending curve,
where n is an integer greater than or equal to 1; and

comparing the trending curve to a trending curve previ-
ously generated during high patient sensitivity to a drug
of the drug therapy or during initiation or calibration
associated with sensor data acquisition.
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11. The method of claim 1, wherein quantifying the
hemodynamic response of the patient comprises calculating
a rate of change in acquired sensor data from pre- to
post-drug therapy.

12. The method of claim 1, wherein quantifving the
hemodynamic response of the patient is performed within
the implantable medical device.

13. The method of claim 1, wherein quantifving the
hemodynamic response of the patient is performed using a
patient-external system.

14. The method of claim 1, comprising monitoring for
drug therapy compliance of the patient using the quantified
hemodynamic response of the patient to the drug therapy.

15. The method of claim 1, wherein delivering the drug
therapy to the patient comprises delivering the drug therapy
using an implantable drug delivery device.

16. The method of claim 1, comprising adjusting the drug
therapy delivered to the patient based on the quantified
hemodynamic response of the patient to the drug therapy.

17. The method of claim 1, comprising informing one or
both of a clinician and the patient of the patient’s hemody-
namic status based on the quantified hemodynamic response
of the patient to the drug therapy.

18. The method of claim 1, comprising alerting one or
both of a clinician and the patient of a need for drug therapy
adjustment based on the quantified hemodynamic response
of the patient to the drug therapy.

19. The method of claim 1, wherein the implantable
medical device comprises a sensor arrangement configured
to measure one or a plurality of hemodynamic parameters of
the patient.

20. The method of claim 1, wherein the implantable
medical device comprises a sensor arrangement configured
to measure one or more of internal filling blood pressure,
blood flow, and blood temperature.

21. The method of claim 1, wherein the implantable
medical device comprises a sensor arrangement configured
to measure one or more blood chemicals.
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22. The method of claim 1, wherein the implantable
medical device comprises a sensor arrangement configured
to measure electrical activity of the patient’s heart.

23. The method of claim 1, wherein the implantable
medical device comprises a sensor arrangement configured
to measure impedance changes within the patient.

24. The method of claim 1, wherein the implantable
medical device comprises a sensor arrangement configured
to measure heart sounds.

25. A system for monitoring a patient’s hemodynamic
response to a drug therapy, the system comprising:

an implantable medical device comprising a sensor
arrangement configured to acquire sensor data; and

a processor coupled to the sensor arrangement, the pro-
cessor configured to quantify a hemodynamic response
of the patient to the drug therapy using the acquired
sensor data.

26. The system of claim 25, wherein the processor is

disposed within the implantable medical device.

27. The system of claim 25, wherein the processor is

disposed within a patient-external system.

28. The system of claim 25, comprising an implantable

drug delivery device configured to deliver the drug therapy.

29. A system for monitoring a patient’s hemodynamic

response to a drug therapy, the system comprising:

means for acquiring sensor data from within the patient’s
body; and

means for quantifying a hemodynamic response of the
patient to the drug therapy using the acquired sensor
data.
30. The system of claim 29, further comprising means for
delivering the drug therapy from within the patient.



THMBW(EF)

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

LL-EEPN

RBA

IPCH 3=

CPCH¥E=

L5
H b 237 32k
S\EReERE

BEG®)

fEFAEA R AL RER BAL X Y0677 B9 R 3h 2 R B

US20070065363A1 NI (AE)B

US11/431806

JBHI/RYOUSUFALI A h
B TEMARINA
KUENZLER RICHARD®

JBHI/RYOUSUFALI A h
HZ R"FMARINA
KUENZLER RICHARD@

DERE ST | INC.

DALAL YOUSUFALIH
BROCKWAY MARINA
KUENZLER RICHARD O

DALAL, YOUSUFALI H.
BROCKWAY, MARINA
KUENZLER, RICHARD O.

AB61K49/00 GO6F19/00 A61B5/00

patsnap

2007-03-22

2006-05-10

A61B5/02028 A61B5/02055 A61B5/0215 A61B5/0402 A61N1/3627 A61B5/113 A61B5/145 AG1B5

/14532 A61B5/4839 A61B5/053

60/717961 2005-09-16 US

US7927284

Espacenet  USPTO

100
—

RENAERAT IR ENEYT EN MRS H 2@, FHRER -1
B ME R 15 B3R BRI BE N YA ST HY MRS 0 1

Bl. Xt BENZYET WK HFRNHTE , fliBIEBILEE
MNEYATT N BBERMZ N, BRTHEMARN  BEBETATAR

L BENEMETT

~— 102

Deliver Drug Therapy to a Patient

v 104

|

Acquire Sensor Data Using Medical
evice

y 106

|

Quantify a Hemodynamic
Response to Drug Therapy Using
Acquired Sensor Data

Fig. 1


https://share-analytics.zhihuiya.com/view/b27997ee-5913-46b7-b6e1-ef22e8e98908
https://worldwide.espacenet.com/patent/search/family/037884375/publication/US2007065363A1?q=US2007065363A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070065363%22.PGNR.&OS=DN/20070065363&RS=DN/20070065363

