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(57) ABSTRACT

A method of monitoring patient status is disclosed. Electrical
signals are received from one or more implanted sensors of a
cardiac rhythm management device. Two or more index val-
ues are calculated from the electrical signals. A composite
index is determined from the two or more index values, and a
status notification associated with the composite index is
provided. In a system for monitoring patient status, a proces-
sor is configured to receive electrical signals from an
implanted cardiac rhythm management device, calculate two
or more index values from the electrical signals, and deter-
mine a composite index from the two or more index values.
The system incorporates a memory that is in communication
with the processor and an interface in communication with
the processor, where the interface is configured to communi-
cate a status notification associated with the composite index.
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DRUG TITRATION UTILIZING AN
IMPLANTABLE MEDICAL DEVICE

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 11/834,792, filed Aug. 7, 2007, the contents of
which are herein incorporated by reference.

FIELD OF THE INVENTION

[0002] The invention relates to the administration of drugs
to patients where drug ftitration is required, and in some
embodiments, to the titration of beta blockers for the treat-
ment of heart disease.

BACKGROUND OF THE INVENTION

[0003] Congestive heart failure (CHF), also called just
heart failure, is a condition that can result from any structural
or functional cardiac disorder that impairs the ability of the
heart to fill with blood or to pump a sufficient amount of blood
throughout the body. Heart failure is a common syndrome. By
one estimate, heart failure affects 5 million people in the U.S.
and 550,000 new cases are diagnosed each year.

[0004] One characteristic of heart failure, among others, is
autonomic imbalance. Continuously high sympathetic tone
can cause increased heart rate, cardiac oxygen consumption,
and risks of arrhythmias. Therefore, a common medical
therapy for the treatment of heart failure is the administration
of'beta blockers. Examples of beta-blockers that are indicated
for the treatment of heart failure include bisoprolol,
carvedilol, and extended-release metoprolol. Beta blockers
block the action of certain central nervous system neurotrans-
mitters, such as epinephrine (adrenaline) and norepinephrine
(noradrenaline), on the receptors of the sympathetic nervous
system that mediate the “fight or flight” response. For
example, stimulation of certain receptors by epinephrine
induces a positive chronotropic and inotropic effect on the
heart and increases cardiac conduction velocity and automa-
ticity. Beta blockers also have an antiarrhythmic effect, which
arises from the depression of sinus node function and atrio-
ventricular node conduction, and prolonged atrial refractory
periods. Beta blockers inhibit normal epinephrine-mediated
sympathetic actions, but have minimal effect on resting
patients. That is, they reduce the effect of excitement/physical
exertion on heart rate and force of contraction, dilation of
blood vessels, opening of bronchi, reduce tremor, and break-
down of glycogen.

[0005] However, the use of beta blockers can also result in
side effects. The administration of beta blockers is a balance
between the effectiveness of the drug in treating the heart
disease or other medical condition and the side effects.
Because beta blockers tend to depress cardiac activity, a pri-
mary side effect is bradycardia or low heart rate. In many
cases, the ideal balance point is defined as the dosage of beta
blockers that results in a desired resting heart rate, where
further increases in dosage would result in a heart rate that is
undesirably low. Other side effects of beta blockers include
atrioventricular block, which is a delay or interruption in the
conduction of electrical signals from the atria to the ven-
tricles, resulting in arrhythmias or bradycardia. Furthermore,
beta blockers may also cause hypotension, where the patient’s
blood pressure is too low, because of the depressive effects of
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the beta blockers on the patient’s cardiac system. Certain
other drugs, such as certain antiarrhythmics, can create simi-
lar side effects.

[0006] The balance between therapy and side effects gen-
erally requires that a patient undergoing drug therapy go
through a drug titration procedure. Basically, drug titration
normally involves first administering a relatively small dos-
age of a drug, then monitoring the patient’s side effects, and
subsequently increasing the dosage of the drug until the tar-
geted benefits are achieved or until the patient’s side effects
meet or exceed a desired threshold. The dosage is increased
until the patient’s side effects increase to the point that they
are judged to warrant no further increase in dosage or that the
patient reaches a maximum recommended dosage.

[0007] However, improved techniques are needed for drug
titration. Current techniques do not necessarily yield opti-
mum results. Furthermore, current drug titration techniques
require face-to-face interaction with medical personnel,
which consumes resources and is inconvenient for the patient.

SUMMARY OF THE INVENTION

[0008] One method associated with the current technology
is relevant to monitoring patient status. Electrical signals are
received from one or more implanted sensors of a cardiac
rhythm management device. Two or more index values are
calculated from the electrical signals. A composite index is
determined from the two or more index values, and a status
notification associated with the composite index is provided.
[0009] A system associated with the current technology is
relevant to monitoring patient status. A processor is config-
ured to 1) receive electrical signals from an implanted cardiac
rhythm management device, 2) calculate two or more index
values from the electrical signals, and 3) determine a com-
posite index from the two or more index values. The system
incorporates a memory that is in communication with the
processor and an interface in communication with the pro-
cessor, where the interface is configured to communicate a
status notification associated with the composite index.
[0010] One aspect of the invention relates to a method for
titrating a drug to provide a medical therapy to a patient. The
method includes the steps of providing an implantable medi-
cal device having a controller and providing one or more
implantable sensors that are configured to sense physical
parameters of the patient and are also configured to transmit
signals to the controller. The method further includes the step
of receiving signals from the one or more sensors at the
controller. Furthermore, the method includes the step of pro-
cessing the received signals to determine at least two cardiop-
ulmonary characteristics of the patient. In addition, the
method includes the step of determining a composite index
based on the at least two cardiopulmonary characteristics of
the patient. Furthermore, the method includes generating a
signal based on the composite index.

[0011] Another aspect of the invention relates to a medical
device system for use with a drug titration protocol. The
medical device system includes a controller and one or more
implantable sensors configured to sense physical parameters
of the patient and configured to transmit signals to the con-
troller. The system is configured to receive signals from the
one or more sensors and process the received signals to deter-
mine at least two cardiopulmonary characteristics of the
patient, determine a composite index based on the at least two
cardiopulmonary characteristics, and generate a signal based
on the composite index.
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[0012] Another aspect of the invention relates to a medical
device system for use with a drug titration protocol. The
medical device system includes a controller and a plurality of
implantable sensors configured to sense physical parameters
of the patient and configured to transmit signals to the con-
troller. The plurality of implantable sensors include atleast an
electrocardiogram sensor that receives cardiac electrical sig-
nals, a blood pressure sensor, and an intra-thoracic impedance
sensor. The controller is configured to receive signals from
the plurality of sensors and process the received signals to
determine associated physical characteristics of the patient.
The determination of physical characteristics includes deter-
mining heart rate, mean arterial blood pressure, the presence
and degree of atrio-ventricular block, pulmonary edema sta-
tus, the presence and degree of dyspnea, and CSR/AHI bur-
den. The controller is further configured to assign an index
value to each physical characteristic based on its nature or
degree, determine a composite index of physical characteris-
tics by combining the individual index values, and generate a
signal based on the composite index, where the signal pro-
vides an indication of the patient’s tolerance of a beta-blocker
or the effectiveness of a beta-blocker.

[0013] The invention may be more completely understood
by considering the detailed description of various embodi-
ments of the invention that follows in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG.11isaschematic of a patient having an implant-
able medical device system foruse with the present invention.
[0015] FIG. 2 is a schematic representation of functional
elements of an embodiment of an implantable medical
device.

[0016] FIG. 3 is a flow chart of a titration technique accord-
ing to the principles of the present invention.

[0017] FIG. 4 is a schematic representation of a communi-
cation pathway from an implantable medical device to a
patient interface device to a remote computer.

[0018] While the invention may be modified in many ways,
specifics have been shown by way of example in the drawings
and will be described in detail. It should be understood, how-
ever, that the intention is not to limit the invention to the
particular embodiments described. On the contrary, the inten-
tion is to cover all modifications, equivalents, and alternatives
following within the scope and spirit of the invention as
defined by the claims.

DETAILED DESCRIPTION OF THE INVENTION

[0019] There is an overlap between the population of
patients with heart failure and the population of patients with
implantable medical devices, such as cardiac rhythm man-
agement devices (CRM). CRM devices include pacemakers,
implantable cardioverter defibrillators (ICD), and cardiac
resynchronization therapy (CRT) devices, among others.
Many patients with heart failure already have a CRM device,
and therefore techniques that use a CRM device to monitor
the side effects and effectiveness of drugs used to treat heart
failure will likely find significant application.

[0020] As mentioned above, beta-blockers are a key phar-
macologic treatment option for patients with heart failure.
However, the administration of beta-blockers and other simi-
lar types of drugs, such as antiarrhythmics, is a complex
process because the proper dosages are difficult to determine.
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If'the patient is not given a sufficient dosage, the drug may not
adequately treat the patient’s heart failure or other medical
condition. Ifthe patient is given too large of a dosage, the drug
may create unpleasant and even serious side effects.

[0021] The inventors have devised a drug titration protocol
that can be executed by or in conjunction with a patient’s
implantable medical device. This arrangement utilizes some
of the capabilities inherent in a typical implantable medical
device, and further incorporates additional sensors and tele-
metric communications to accomplish an appropriate drug
titration protocol. The drug titration protocol has the advan-
tage that it can be conducted with only minimal patient
involvement and does not require a visit to a medical facility.
This results in less inconvenience to the patient and less
expense for the medical system. The protocol increases accu-
racy compared to conventional techniques because the
patient’s side effects can be more frequently monitored than
when monitoring is only accomplished when the patient is
seen in person by a medical professional.

[0022] An embodiment of drug titration system having an
implantable medical device is depicted in FIG. 1. The drug
titration system 20 includes an implantable medical device 22
such as a cardiac rhythm management (CRM) device. ACRM
device may be, for example, a pacemaker, an implantable
cardioverter defibrillator, or a cardiac resynchronization
therapy (CRT) device. Other types of implantable medical
devices are usable, however. In one embodiment, an implant-
able medical device (IMD) 22 has one lead 26 that forms an
electrically conductive path to an electrode 28. Electrode 28 is
in contact with cardiac tissue and is capable of sensing cardiac
electrical activity. In another usable embodiment, IMD 22
does not have a lead, but rather uses subcutaneous cardiac
electrical sensing to detect a patient’s cardiac electrical activ-
ity. A cardiac electrical signal is transmitted from cardiac
tissue to electrode 28 and through lead 26 to IMD 22, where
it is received and forms the basis of an electrocardiogram that
is indicative of the operation of the patient’s heart. In addition,
the implantable medical device 22 includes a controller 40. In
some embodiments, controller 40 is capable of monitoring
the cardiac electrical signals received from electrode 28 and
lead 26, and determining a heart rate and other electrocardio-
gram intervals such as R-R interval and QT interval from the
cardiac electrical signals.

[0023] IMD 22 is further configured to communicate by
telemetry with appropriately configured devices outside of
the patient’s body. For example, FIG. 4 illustrates a commu-
nication by telemetry from IMD 22 to a patient interface
device 24. Exemplary patient interface devices 24 include,
but are not limited to, the LATITUDE® patient management
system, the Model 2920 Programmer, and the Model 3120
Programmer, each available from Boston Scientific Corpora-
tion, Natick, Mass. Patient interface device 24 includes an
interface 25 that is capable of displaying information and/or
messages that can be perceived and understood by a patient.
In the embodiment of FIG. 4, the interface 25 includes a
screen 17 for displaying information. Patient interface device
24 is also capable of receiving input from a patient. In the
embodiment of FIG. 4, patient interface device 24 includes
buttons 19 and touch sensitive screen 17 for receiving input.
Patient interface device 24 further includes communication
capabilities. Generally, patient interface device 24 is capable
of communicating with implantable medical device 22 by
telemetry, such as by wireless communication path 10.
Patient interface device 24 includes antenna 31 configured for
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receiving and transmitting telemetric communications. In
some embodiments, a patient interface device 24 includes a
controller that is configured to receive and process signals.
[0024] Patient interface device 24 may also be capable of
communicating with a remote computer 12 (also called a
remote station 12) or through telecommunications, such as
over a conventional phone line 14, through cellular phone
communications, or any other wired or wireless form of com-
munication. In some embodiments, patient interface device
24 is configured to inquire regularly about the patient’s gen-
eral health conditions, such as physical activity and symp-
toms of disease. Inquiring about the patient’s health may
involve displaying one or more health-related questions on an
interface such as screen 17 and requesting the patient provide
input such as through a touch sensitive screen 17 or buttons
19. The patient interface device 24 may also be configured to
receive information from the implanted medical device 22
such as whether the patient’s side effects and the drug’s effec-
tiveness are in a range where increasing the dosage of a drug
is recommended or not recommended, and other information
such as the operation of the device and any other information
or data stored in the device. The patient interface device 24
may be further configured to transmit this information to a
remote computer 12, where the information is received and
can be further analyzed to determine the patient’s medical
condition. For example, the information may be transmitted
from remote computer 12 to a physician who can use the
information to determine whether to adjust the patient’s dos-
age of a drug. The physician may also receive reminders in
this way to maintain a preset drug titration schedule.

[0025] Drugtitration system 20 of FIG. 1 further includes a
plurality of implantable sensors 30. These sensors measure
parameters related both to the beneficial effects of the drug
being administered, as well as the side effects or non-benefi-
cial effects. In some embodiments, an implantable sensor 30
has a wired connection to controller 40, and in other embodi-
ments, an implantable sensor 30 transmits a wireless signal
that is received by controller 40. In one embodiment, one of
the implantable sensors 30 is an arterial blood pressure sensor
32 that is configured to sense the patient’s blood pressure. In
another embodiment, one of the implantable sensors 30 is a
respiration sensor 34. A respiration sensor 34 may consist of
an intra-thoracic impedance sensor that measures the imped-
ance in the patient’s chest area and determines respiration
characteristics, or alternatively, the respiration sensor 34 may
be a minute ventilation sensor that measures tidal volume and
respiration frequency. Other respiration sensors are usable.
[0026] In some embodiments, the drug titration system 20
will include non-implantable sensors. For example, a non-
implantable blood pressure sensor may be used in place of an
implantable blood pressure sensor 32. An example embodi-
ment of a non-implantable blood pressure sensor is a blood
pressure cuft that the patient applies to his or her bicep to take
blood pressure readings. Typically, a non-implantable sensor
will be configured to transmit a signal through telepathy to the
implantable device or via a wired or wireless signal to a
patient interface device 24. A transmission from a non-im-
plantable sensor to an implantable device may either be
directly from the sensor to the implantable device, or may be
from the sensor to another device such as a patient interface
device that in turn transmits a signal to the implantable
device.

[0027] FIG. 2 is a schematic depiction of the functional
elements of one embodiment of a CRM device. Implantable
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medical device 22 is shown having lead 26 that forms an
electrically conductive path to electrode 28. Electrode 28 is in
contact with cardiac tissue and is capable of sensing cardiac
electrical activity. A cardiac electrical signal is transmitted
from electrode 28 through lead 26 to IMD 22, where it is
received and forms the basis of an electrocardiogram that is
indicative of the operation of the patient’s heart. Some
embodiments of a CRM device have two leads and two elec-
trodes, such as second lead 27 and second electrode 29. As
shown in FIG. 2, an IMD 22 may be further configured to
communicate by telemetry with appropriately configured
devices outside of the patient’s body.

[0028] A controller 40 of IMD 22 senses cardiac events
through a sensing channel and outputs pacing pulses to the
heart via a pacing channel in accordance with a programmed
pacing mode. A microprocessor 80 serves as the controller in
the embodiment of FIG. 2 and communicates with a memory
82 via a bidirectional data bus. The memory 82 typically
comprises a read-only memory (ROM) or random-access
memory (RAM) for program storage and a RAM for data
storage. The implantable medical device is shown in FIG. 2 as
having two leads, each having a tip electrode. Alternatively,
bipolar leads are provided with ring and tip electrodes.

[0029] The implantable medical device of FIG. 2 has atrial
sensing and pacing channels comprising electrode 29, lead
27, sensing amplifier 88, output circuit 90, and an atrial chan-
nel interface 92 which communicates bidirectionally with a
port of microprocessor 80. In this embodiment, the device
also has ventricular sensing and pacing channels comprising
electrodes 28, lead 26, sensing amplifier 84, output circuit 86,
and ventricular channel interface 94. For each channel, the
same lead and electrode can be used for both sensing and
pacing. A switch matrix 96 may configure a channel for
unipolar sensing or pacing by referencing an electrode of a
unipolar or bipolar lead with the implantable medical device
housing or can 98. The channel interfaces 92 and 94 include
analog-to-digital converters for digitizing sensing signal
inputs from the sensing amplifiers and registers which can be
written to by the microprocessor in order to output pacing
pulses, change the pacing pulse amplitude, and adjust the gain
and threshold values for the sensing amplifiers. The implant-
able medical device can also include one or more sensors 99,
such as implantable sensors 30 (see FIG. 1), which may
include blood pressure sensor 32 and respiration sensor 34. A
telemetry interface 97 is also provided for communicating
with a non-implanted device, such as through an antenna 31
(see FIG. 4).

[0030] Referring back to FIG. 1, controller 40 of implant-
able device 22 receives signals from the various sensors 99
(see FIG. 2) that are present, such as implantable sensors 30,
as well as the cardiac electrical signals received from elec-
trode 28. Controller 40 further includes memory 42 for stor-
ing one or more parameters associated with the operation of
implantable device 22. These parameters may be perma-
nently stored in memory 42, or may be programmable values
that may be modified through a telemetric communication
with an appropriately configured non-implantable device. For
example, a physician may use a programming device having
a wand that is placed over the patient’s chest and that estab-
lishes a communication link with the implantable device 22 to
upload a parameter to memory 42. Similarly, a physician or
other trained medical person can transmit information or
instructions to be stored in memory 42.
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[0031] A flow chart depicting an embodiment of an algo-
rithm 50 for use with the present invention is shown in FIG. 3.
Inthe embodiment of FIG. 3, step 52 of algorithm 50 includes
storing parameters and any other needed operating informa-
tion in memory 42. For example, in one embodiment the
following parameters may be stored in memory 42:

[0032] (1) Starting drug dosage. This is a relatively small
dosage that will be the starting dosage for a drug titration
procedure, where the starting dosage is generally deter-
mined to have an extremely low risk of causing exces-
sive side effects in a patient.

[0033] (2)Maximum drugdosage. This is the dosage that
is the maximum a patient should ever receive, even if the
drug-induced side effects do not constitute a limiting
factor. This value is generally based on the recommen-
dations of the drug’s manufacturer, a consensus of medi-
cal professionals, and/or the judgment of a physician.

[0034] (3) Current or actual drug dosage. This is the
dosage level that is currently being administered to the
patient.

[0035] (4) Target resting heart rate. Because beta block-
ers and other similar drugs tend to reduce a patient’s
resting heart rate, this parameter is used to prevent dos-
ages that would lower the patient’s heart rate below a
desired level. Generally, if the patient’s resting heart rate
is less than the target resting heart rate, then further
increases in dosage will be avoided. In one embodiment,
the target resting heart rate is 60 beats per minute.

[0036] (5) Titration interval. This is the amount of time
between changes in dosage. The purpose of this param-
eter is largely to be able to transmit a message to a
physician if the desired titration interval has been
exceeded in order to encourage the physician to conduct
the titration in a timely fashion. When the change in
dosages has been done, or if the physician has elected to
keep the dosage the same, an input is provided to reset a
time counter. In various embodiments, the titration inter-
val is one week, and in other embodiments, the titration
interval is two weeks, and in further embodiments, other
time periods are also usable.

[0037] (6) Side effect thresholds. These are parameters
associated with the measurements of side effects that
define the severity of the side effect. For each measure-
ment or calculated quantity from the one or more sensors
that measure the patient’s physical condition, the side
effect thresholds are used to define a score that repre-
sents the severity of each side effect.

[0038] (7) Composite index threshold. This value or val-
ues defines the recommended degree of oversight of the
patient and/or the recommended change in the drug titra-
tion procedure based on the degree of the patient’s side
effects. The composite index can be determined through
anumber oftechniques, and is a value that is reflective of
the extent or degree of multiple physical characteristics
of'the patient. This parameter is discussed in more detail
below.

[0039] Step 54 of algorithm 50 determines whether the
scheduled titration period has passed. As shown in FIG. 3, if
the tentative titration schedule has been exceeded, a reminder
is generated at step 55 that is or can be transmitted to a
physician or other medical person. This reminder may help
the physician or other medical person to maintain a pre-
determined titration schedule. In some embodiments, this
step can be selectively turned on or off, and in other embodi-
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ments, this step is omitted. In some embodiments, after a
reminder is transmitted at step 55, the algorithm 50 continues
to step 56. In some embodiments, the transmission of the
reminder will repeat at regular intervals until it is acknowl-
edged by the medical personnel.

[0040] Step 56 ofalgorithm 50 involves receiving data from
the various sensors and processing the raw sensor data to
determine relevant physical characteristics. In some embodi-
ments, the physical characteristics that are determined are
cardiopulmonary characteristics or include cardiopulmonary
characteristics. In some embodiments, at least two cardiop-
ulmonary characteristics are determined. Generally, a car-
diopulmonary characteristic means any characteristic relat-
ing to the cardiovascular or pulmonary system of a patient.
Cardiopulmonary characteristics may include, for example,
characteristics of the heart, vasculature, lungs, or blood. Car-
diopulmonary characteristics may include aspects of blood
composition, such as glucose, electrolytes, blood oxygen, etc.
Cardiopulmonary characteristics generally do not include
characteristics that are not directly indicative of cardiovascu-
lar or pulmonary systems, such as posture, physical activity
level, etc. In some embodiments, processing sensor data is
done in the controller of the IMD, and in other embodiments,
processing is done outside of the patient’s body, such as a
patient interface device. Where processing is done by a device
outside of a patient’s body, the IMD is generally configured to
transmit the sensor data to the external device.

[0041] As discussed above, the sensors used to determine
the physical and/or cardiopulmonary characteristics may
include a heart electrocardiogram sensor, blood pressure sen-
sor, respiration sensor, etc. The processing required will vary
based on the sensors present and the desired analysis. One
typical processing step includes analyzing an electrocardio-
gram signal to determine the patient’s heart rate, such as by
measuring the R-R interval. In some embodiments, however,
the usage of this parameter can be disabled, such as if the
patient is in atrial fibrillation. In an embodiment where the
heart rate parameter is disabled, the heart rate is not deter-
mined, a composite index score is not assigned for the heart
rate parameter, and the scoring matrix is adjusted accordingly
to compensate for the disabled parameter (the composite
index and scoring matrix are discussed below). In other
embodiments, a CRM device may be configured to pace the
heart at a lower rate limit (LRL) that prevents the patient’s
heart rate from falling too low, and where the patient’s heart
rate is being controlled by the CRM device, then the step of
determining the patient’s heart rate may involve receiving a
parameter from within the CRM device that is indicative of
the pacing rate.

[0042] Further, the electrocardiogram may be analyzed to
determine whether the patient has an arrhythmia, such as first
degree, second degree, or third degree atrioventricular block
(A-V block). First degree atrioventricular block is generally
due to conduction delay in the atrioventricular node, and is
determined by the presence of a P-R interval on the electro-
cardiogram of more than about 200 ms. Second degree atrio-
ventricular block is generally considered to be either type 1
(also called Mobitz I) or type 2 (also called Mobitz II). Type
1 second degree atrioventricular block is generally caused by
inhibited conduction through the atrioventricular node and is
determined by the presence of a progressive increase in the
P-R interval on consecutive beats of an electrocardiogram,
followed by a dropped QRS complex, subsequently followed
by areset P-R interval. Type 2 second degree atrioventricular
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block is generally caused by inhibited conduction in the His-
Purkinje System. It is identified by the QRS complex being
intermittently nonconducted, where this is not preceded by
progressive P-R prolongation and is not followed by P-R
shortening. Third degree heart block is a condition where the
impulses generated in the atria are not transmitted to the
ventricles, and where the ventricles beat according to the
autorhythmicity of the cells. Third degree heart block is char-
acterized by significant beat to beat variability in the P-R
interval, the result of there being no correlation between the P
waves and the QRS complexes. In one embodiment, the
patient is evaluated for A-V block once a day for 30 consecu-
tive heart beats by temporarily changing the device pacing
mode. In another embodiment, the patient is evaluated for
other bradycardia arrhythmias and/or tachycardia arrhyth-
mias.

[0043] Another processing step may be the analysis of a
blood pressure sensor to determine the patient’s blood pres-
sure. A wide variety of blood pressure sensors are known to
those of skill in the art and usable here, including implanted
blood pressure sensors such as intra-arterial sensors or extra-
arterial sensors, and non-implanted blood pressure sensors,
such as blood pressure cuffs. Generally, the analysis of a
blood pressure sensor involves determining the patient’s
mean arterial pressure (MAP), which is the average blood
pressure over a single cardiac cycle. A further processing step
is to determine the patient’s pulmonary edema status if there
is an intra-thoracic impedance sensor present. An intra-tho-
racic total impedance (ITTI) can be determined based on the
impedance measurement in the patient’s chest, where the
ITTI is representative of the amount of fluid in the patient’s
lungs compared to the amount of air in the patient’s lungs.
This determination is made through the relationship that the
impedance decreases as the amount of fluid increases. In one
embodiment, the pulmonary edema status can be character-
ized by a percentage of fluid.

[0044] Yet another processing step involves determining
the presence and degree of dyspnea in the patient. This is done
by determining the patient’s respiration rate, in breaths per
minute, from the respiration sensor. Furthermore, the control-
ler determines a Cheyne-Stokes Respiration (CSR) Burden
and Apnea and Hypopnea Index to monitor for abnormal
respiration patterns. Generally, the respiration sensor can
determine the interval between breaths and the volume of
each breath. In some embodiments, the patient’s minute ven-
tilation, respiration rate, as well as indications of ventricular
tachycardia are evaluated to determine the presence of abnor-
mal respiration patterns. The variability in the time interval or
volume from one breath to the next is an indication of an
abnormal respiration pattern. The percentage of abnormal
respiration events can be used as an index of Cheyne-Stokes
Respiration (CSR) Burden and Apnea and Hypopnea Index
(AHD).

[0045] Afterreceiving sensor data at step 56 and processing
as described above, a composite index is created at step 58.
One way of creating a composite index is by first assigning a
score to the reading from each sensor, or alternatively, from
the processed characteristic indicated by each sensor. Each
individual score can be called an index value. These index
values can then be combined to form a composite index.
Another way of creating a composite index is by developing
a logical structure, such as a logic tree, that utilizes the sensor
readings and/or the processed characteristics to make a deci-
sion as to the appropriate composite index without first
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assigning individual index values. Other ways of creating a
composite index are also usable. The composite index will
then be a single value that represents the extent or severity of
multiple physical characteristics of the patient.

[0046] In an embodiment where a composite index is cre-
ated by assigning a score to the sensor readings or processed
characteristics, a scoring matrix will typically be used to
assign a score to the output received from each sensor, where
the scoring matrix defines the index value that will be
assigned to a particular measured or processed characteristic.
Generally, each index value will be associated with a range or
threshold of a measured or processed side effect or charac-
teristic. Typically, there is one score or index value assigned
and stored for the reading from each sensor. An example
embodiment of a scoring matrix is depicted below:

Index value
0 1 2 3
Bradycardia >=60 59-55 54-50 <50
(heart rate,
beats/min)
A-V Block None/IAVB 1T AVB (I) IIAVB (II) I AVB

Degree >=70 69-65 64-60 <60
Hypotension

(mean arterial
pressure,

mmHg)

Pulmonary t—
Edema (PE)

status (ITTI)
Dysnpnea <=20 21-25 26-30 >30
(respiration
rate,
breaths/min)
CSR/AHI
burden

<=10% 11-20% >20%
! ! !

No change 1<=10% 110-20% 1>20%

The table above is only an example, and there are many
different scoring matrices that are usable, where a scoring
matrix may be constructed based on the judgment or desires
of'the patient’s medical care team or other medical personnel.
Furthermore, various embodiments of the invention may have
various combinations of sensors, and the scoring matrix will
be constructed to correspond to the sensors that are present.
As seen in the example table above, the processed data from
each sensor is assigned a score based on the indicated severity
of' the side effect. For example, a heart rate of greater than or
equal to 60 beats per minute (bpm) is assigned a score of 0, a
heart rate of 55-59 bpm is assigned a score of 1, a heart rate of
50-54 bpm is assigned a score of 2, and a heart rate of less than
50 bpm is assigned a score of 3. In some embodiments, such
as where a CRM device paces at a lower rate limit of 60 beats
or greater, such that the patient’s heart will not beat at less than
this lower rate limit, the fact that the CRM device is pacing the
patient’s heart may be used to assign a separate score not
based on the scoring matrix. In one embodiment, if the CRM
device is pacing the patient’s heart, a score of 1 is applied for
heart rate.

[0047] Likewise, if the patient’s electrocardiogram does
not exhibit atrioventricular block or first degree atrioventricu-
lar block, then an A-V block score is assigned to 0. Similarly,
if the sensors indicate type 1 second degree atrioventricular
block, then an A-V block score of 1 is assigned, and if type 2
second degree atrioventricular block is detected, then an A-V
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block score of 2 is assigned. Furthermore, if third degree
atrioventricular block is detected, then an A-V block score of
3 is assigned.

[0048] As shown in the table above, if the patient’s mean
arterial pressure (MAP) is greater than or equal to 70 mmHg,
then the blood pressure score is assigned to 0. However, MAP
of 65-69 mmHg is assigned a score of 1, MAP of 60-64
mmHg is assigned a score of 2, and MAP of greater than 60
mmHg is assigned a score of 3. Furthermore, the patient’s
pulmonary edema status is assigned a score of 0 if the ITTT is
increasing or zero, a score of 1 if the ITTI is decreasing and
less than or equal to 10 percent, a score of 2 if the ITTI is
decreasing and 11 to 20 percent, and a score of 3 if the ITTTis
decreasing and greater than 20 percent.

[0049] In addition, the patient is assigned a dyspnea score
based on the patient’s measured respiration rate, where a
score of 0 is associated with a respiration rate of less than or
equal to 20 breaths per minute (br/min), a score of 1 is
assigned for 21-25 br/min, a score of 2 for 26-30 br/min, and
a score of 3 for greater than 30 br/min. The patient is also
assigned a CSR/AHI burden score, where 0 is assigned where
there is no change or decreasing, 1 is assigned if the CSR/AHI
burden is increasing and less than or equal to 10 percent, 2 is
assigned if the CSR/AHI burden is increasing and between 10
and 20 percent, and a score of 3 is assigned if the CSR/AHI
burden is increasing and greater than 20 percent.

[0050] By way ofexample, assume that the sensors indicate
that the patient’s heart rate is 58 bpm, there is no detectable
A-V block, MAP is 63 mmHg, PE status decreases 18 per-
cent, respiration rate is 20 br/min, and there is no change in
CSR/AHI burden. Under these circumstances, the patient
would be assigned a score of 1 for heart rate, 0 for A-V block,
2 for MAP, 2 for ITTI, O for dyspnea, and 0 for CSR/AHI
burden.

[0051] Afterthe score is assigned to each sensor parameter,
the individual scores are summed to form a net composite
index score. In the example in the paragraph above, the
patient’s net composite index score would be 1+0+2+2+0+
0=5.

[0052] At step 60, the controller evaluates the net compos-
ite index score and recommends an appropriate level of moni-
toring. Based on the composite index score, at step 62 the
controller may transmit a warning signal to a medical profes-
sional or the patient or both that is associated with a recom-
mended course of action. For example, the net composite
index score may be used as an input to a titration response
matrix. An example titration response matrix is shown below:

Composite index Device Action Recommended Action

0to 2 points Monitoring

3to 6 points Yellow sign

7to 12 points Orange sign
>12 points Red sign

No action required

More attention required
Close attention required
Immediate attention required

Other embodiments of a titration response matrix are usable.
Of course, in various embodiments where various numbers or
combinations of sensors are present, the composite index will
be adjusted accordingly. For example, where fewer sensors
are present, it is expected that the composite index thresholds
will be lower, or where greater numbers of sensors are
present, the composite index thresholds will be higher. As
mentioned above, in some embodiments, the score threshold
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values for each response are programmable by a user. The
desired response for any particular net composite index score
may be programmable by medical personnel such as a phy-
sician. In the response matrix above, if the net composite
index score is 0 to 2, then the controller does not recommend
that any cautionary action be taken. Generally, under this
condition, a physician should feel free to up-titrate the drug
dosage at the pre-defined titration interval if the maximum
dosage is not exceeded and the desired beneficial effects of
the drug have not been attained. The beneficial effects of the
drug may be determined according to the judgment or per-
ceptions of a physician or other medical profession, and this
may be based in part or in whole on data collected by an
implantable medical device.

[0053] As also shown in the response matrix above, if the
net composite index score is 3 to 6, then the controller gen-
erates a “yellow flag” warning, which can be communicated
to medical personnel either through direct telemetry to a
programmer module in a medical facility, or through telem-
etry to a programmer that is near the patient (such as in the
patient’s home) and that is configured to communicate with a
computer in a medical facility, such as through a telephone
connection. When a “yellow flag” warning is generated, the
physician or other medical professional responsible for the
care of the patient should be aware that the patient is exhib-
iting signs that the drug is producing measurable side effects
and should closely monitor the patient and take this into
account before increasing the dosage of the drug.

[0054] Ifthe patient has a net composite index score of 7 to
12, then the controller generates an “orange flag” warning
that can be communicated to the medical professionals
responsible for the patient’s care. This “orange flag” warning
should place the medical professionals on a state of height-
ened alert because the side effects of the drug are having
distinct negative consequences for the patient. Most likely,
under these conditions the patient’s dosage should not be
increased, or possibly should be decreased. Ifthe patient’s net
composite index score is greater than 12, the controller gen-
erates a “red flag” warning. In one embodiment, if this occurs
outside of a medical facility, the controller may be configured
to provide an immediate warning to the patient. This may
include an audible signal that the patient has been taught to
recognize as a warning signal, or it may include transmitting
a signal to a programmer that is in the patient’s home or other
location that can display a message that the patient can per-
ceive and understand. The warning generated by the control-
ler under these conditions may be associated with a need to
receive prompt or immediate medical attention. Most likely
under these circumstances the patient’s dosage should be
decreased until the side effects moderate. In various embodi-
ments, various other responses are configured, such as pro-
viding for different actions to be taken in response to a range
of composite index scores or using different composite index
limits to define a particular action to be taken.

[0055] Insomeembodiments, if any individual score is at a
certain high or maximum value, such as any parameter that is
assigned a score of “3” in the matrix above, the controller may
be configured to recommend at step 64 that the patient’s
dosage be held constant or decreased. In some further
embodiments, the controller may be configured to transmit a
warning to the patient and medical personnel at step 62 if any
parameter is assigned a high or maximum value. A warning
transmitted at step 62 is generally configured to notify the
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appropriate personnel, potentially including the patient and
the patient’s medical care providers, of the need for prompt
treatment.

[0056] At step 64, the controller provides an indication to a
physician or other medical personnel regarding a recom-
mended drug dosage for the patient that is based on the
composite index. For example, where the composite index
indicates that the patient’s side effects are insignificant, then
the controller will indicate that the patient’s drug dosage can
be or should be increased at the next scheduled titration event.
This indication may also be based in part on whether the
desired beneficial effect of the drug has been achieved and
whether the patient is at the maximum recommended dosage.
However, although the controller may make a recommenda-
tion based on the composite index, ultimately the beneficial
effect of the drug is evaluated by the physician or other
medical person, based on measurements and subjective
symptomatic perceptions of the patient. The indication that
the patient’s dosage can be increased is generally only made
if the patient’s net composite index score indicates that the
side effects of the drug are insignificant, or at least are not
serious. This indication can be communicated to the physi-
cian, such as through telemetry or through a telephone net-
work or other communication network.

[0057] After the controller provides an indication at step
64, the controller is usually configured to repeat the cycle,
returning to step 54 to monitor the amount of time since the
last titration, and then to step 56 of receiving sensor data, and
so forth. The controller may be configured to repeat the steps
of algorithm 50 either continuously, at regular time intervals,
or only at a certain time or time window after the patient’s
dosage has been increased. It is possible that the controller
will provide an indication at step 64 that the dosage can be
increased, but before the dosage is actually increased, that the
patient’s side effects change to the point that a warning signal
is transmitted at step 62. Once a warning signal is transmitted
atstep 62, the controller may continue to monitor the patient’s
side effects to determine if they worsen, but generally the
controller will be configured to not provide an indication that
the dosage can be increased once the controller has detected
side effects sufficient to generate a warning. However, various
embodiments may be configured to treat this situation in a
different manner, and the controller’s response may be a
configurable parameter.

[0058] Inone embodiment, the various index values can be
combined through a formula that weights each factor indi-
vidually. By way of example, the patient’s resting heart rate
could be given greater weight than the patient’s CSR/AHI
burden. In this case, the composite index may need to be
adjusted to account for this weighting factor. In one embodi-
ment, a relatively small change in heart rate may have a
greater effect on determining the recommended course of
action (including whether the drug dosage should be
increased) than another parameter, such as CSR/AHI burden.
[0059] In one embodiment, the measurements of side
effects are only made when the patient is at rest. To determine
whether the patient is at rest, the drug titration system 20 may
further include an accelerometer for monitoring the patient’s
physical activity and posture. For example, the accelerometer
may be a 3-axis accelerometer that can detect the patient’s
posture with respect to the earth’s gravitational field, such as
by determining whether the patient is lying in a horizontal
position or standing in a vertical position. Furthermore, the
accelerometer may determine whether the patient is generally
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physically at rest, or whether the patient is generally physi-
cally active. In one embodiment, the various other sensors are
used to determine whether the patient is at rest, such as by
evaluating the patient’s respiration rate. Generally, the drug
titration system may be configured to wait to take any mea-
surements of side effects until the patient is in a resting state.
The range of sensor values that correspond to a resting state
may be a programmable value that can be changed by a
physician or other medical professional.

[0060] The present invention should not be considered lim-
ited to the particular examples described above, but rather
should be understood to cover all aspects of the invention as
fairly set out in the attached claims. Various modifications,
equivalent processes, as well as numerous structures to which
the present invention may be applicable will be readily appar-
ent to those of skill in the art to which the present invention is
directed upon review of the present specification. The claims
are intended to cover such modifications and devices.
[0061] The above specification provides a complete
description of the structure and use of the invention. Since
many of'the embodiments of the invention can be made with-
out parting from the spirit and scope of the invention, the
invention resides in the claims.

What is claimed is:

1. A method of monitoring patient status comprising:

(1) receiving electrical signals from one or more implanted

sensors of a cardiac rhythm management device;

(ii) calculating two or more index values from the electrical

signals;

(v) determining a composite index from the two or more

index values; and

(vi) providing a status notification associated with the com-

posite index.

2. The method of claim 1, wherein each of the two or more
index values represents the severity of a physical character-
istic.

3. The method of claim 1, wherein the composite index
defines a recommended degree of oversight of a patient.

4. The method of claim 1, further comprising processing
the electrical signals to measure physical characteristics.

5. The method of claim 4, wherein measuring physical
characteristics comprises determining the presence and
degree of arrhythmias.

6. The method of claim 4, wherein measuring physical
characteristics comprises determining mean arterial pressure.

7. The method of claim 4, wherein measuring physical
characteristics comprises determining pulmonary edema sta-
tus.

8. The method of claim 4, wherein measuring physical
characteristics comprises determining the presence and
degree of dyspnea.

9. The method of claim 4, wherein measuring physical
characteristics comprises determining CSR/AHI burden.

10. The method of claim 1, wherein determining the com-
posite index occurs only when the sensor indicates that the
patient is in a pre-selected state.

11. The method of claim 10, wherein the pre-selected state
corresponds to the patient being at rest and supine.

12. The method of claim 1, further comprising determining
if a scheduled titration event interval has been exceeded, and
generating a signal that is indicative of the fact that the sched-
ule titration event interval has been exceeded.
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13. A medical device system for monitoring patient status,
comprising:
(1) a processor configured to
receive electrical signals from an implanted cardiac
rhythm management device,
calculate two or more index values from the electrical
signals, and
determine a composite index from the two or more index
values;
(i1) a memory in communication with the processor; and
(iii) an interface in communication with the processor,
wherein the interface is configured to communicate a
status notification associated with the composite index.
14. The medical device system of claim 13, wherein the
processor is further configured for communication with one
or more implanted sensors.
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15. The medical device system of claim 13, wherein the
processor is further configured to measure physical charac-
teristics from the received electrical signals.

16. The medical device system of claim 13, wherein each of
the two or more index values represents the severity of a
physical characteristic.

17. The medical device system of claim 13, wherein the
status notification comprises an indication of drug tolerance.

18. The medical device system of claim 15, wherein mea-
suring physical characteristics comprises determining the
presence and degree of arrhythmia.

19. The medical device system of claim 15, wherein mea-
suring physical characteristics comprises determining mean
arterial pressure.

20. The medical device system of claim 15, wherein mea-
suring physical characteristics comprises determining pul-
monary edema status.



