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(57) ABSTRACT

A method of operation of a medical device system for
determining prospective heart failure hospitalization risk.
The method includes measuring one or more data observa-
tions via one or more electrodes of an implanted medical
device disposed in a patient’s body. The data observations
are stored into memory of the implantable medical device of
a patient. The data observations are transmitted to an extet-
nal device. The processor of the external device parses the
data observations into one or more evaluation periods. Using
the number of observations in one or more evaluation
periods, a look up table, stored into memory of the external
device, is accessed. The look up table associates prospective
heart failure hospitalization risk with the data observations
noted in the evaluation period. One or more embodiments
involve a weighted prospective heart failure hospitalization
risk for the set of evaluation periods. The prospective heart
failure hospitalization is then displayed on the graphical user
interface.
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1
DETERMINING PROSPECTIVE RISK OF
HEART FAILURE HOSPITALIZATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 62/024,285, filed on Jul. 14, 2014. The
disclosure of the above application is incorporated herein by
reference in its entirety. This application further claims the
benefit of U.S. Provisional Application No. 62/037,895, filed
on Aug. 15, 2014. The disclosure of the above application is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to medical devices, and,
more particularly, to medical devices that monitor cardiac
health.

BACKGROUND

Chronic heart failure (HF) occurs when a heart is unable
to consistently pump blood at an adequate rate in response
to the filling pressure. To improve the ability of the heart to
pump blood, congestive heart failure patients, classified as
having New York Heart Association (NYHA) class status of
1I to IV HF, may require implantable medical devices
(IMDs) such as implantable cardioverter defibrillators
(ICDs) and cardiac resynchronization devices with defibril-
lation capability (CRT-Ds). Despite using IMDs to improve
heart function, some HF patients may require hospitaliza-
tion. Global health care systems incur billions of dollars
each year due to heart failure hospitalizations (HFHs).
Identifying patients at risk of HFH to enable timely inter-
vention and prevent expensive hospitalization remains a
challenge. Implantable cardioverter defibrillators (ICDs)
and cardiac resynchronization devices with defibrillation
capability (CRT-Ds) are configured to acquire data for a
variety of diagnostic metrics that change with HF status and
collectively have the potential to signal an increasing risk of
HFH. Diagnostic parameter data collected by IMDs include
activity, day and night heart rate, atrial tachycardia/atrial
fibrillation (AT/AF) burden, mean rate during AT/AF, per-
cent CRT pacing, number of shocks, and intrathoracic
impedance. Additionally, preset or programmable thresholds
for diagnostic metrics, when crossed, trigger a notification,
referred to as device observation. Each device observation is
recorded in an IMD report.

One conventional method for predicting HFH risk is US
pregrant publication No. 2012/0253207 A1, entitled Heart
Failure Monitoring, to Sarkar et al. Sarkar et al. is directed
to a post-discharge period in which the IMD is interrogated
remotely through wireless transmission to evaluate the prog-
nosis of the patient using device diagnostics. For example,
an evaluation can be performed during a 7 day period post
discharge such that a determination is made as whether the
patient had 1-6 days of AF burden >6 hrs, poor rate control
(i.e. 1 day of AF >6 hrs and rate >90 bpm), a fluid index
greater than 60 or 100 ohm-days, night heart rate >85 bpm,
heart rate variability less than or equal to 40 ms, ventricular
tachycardia, or % CRT pacing <90%. If any two of the listed
parameters were met, the patient is considered high risk for
are-admission and is designated for post discharge care (e.g.
nurse call or treatment modifications). If no criterion is met,
the patient is considered at lower risk for HFH and less
attention is provided to that patient. While Sarkar et al.
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provides useful information as to calculating the risk of
HFH, it is desirable to provide gradations of HFH risk.
Additionally, it is also desirable to provide develop a method
that simplifies the HFH risk calculation without regard as to
whether two different listed parameters were triggered.

Another method for estimating HFH risk is disclosed in a
risk stratification study by Martin R. Cowie et al., Devel-
opment And Validation Of An Integrated Diagnostic Algo-
rithm Derived From Parameters Monitored In Implantable
Devices For Identifying Patients At Risk For Heart Failure
Hospitalization In An Ambulatory Setting Which Disclosed
That Various IMD Diagnostics Variables Could Be Com-
bined For The Previous 30-Days Using A Heuristic
Approach 1o Assess Patient HF Risk In The Next 30 Days,
European Heart Journal (Aug. 14, 2013) (hereinafter
referred to as the EHJ article).

Yet another method involves U.S. Pat. No. 8,768,718 B2
to Cazares et al. Cazares et al. uses between-patient com-
parisons for risk stratification of future heart failure decom-
pensation. Current patient data is collected by a patient
monitoring device. A reference group related to the patient
is determined. A reference group dataset is selected from the
reference group. The dataset includes patient data that is of
a similar type received from the patient monitoring device.
A model of the reference group dataset is generated using a
probability distribution function and automatically com-
pared to the received physiological data to a model to derive
an index for the patient. This method is cumbersome. For
example, the method requires a model of the reference group
dataset is generated and automatically compared using a
probability distribution function. Numerous other methods
include various complexities such as U.S. Pat. No. 8,777,
850 to Cho et al., US Pregrant Application 2012/0109243 to
Hettrick et al. U.S. Pat. No. 7,682,316 B2 to Anderson et al.

While a number of methods can be used to predict HFH
risk, improvements can be made. For example, it is desirable
to develop a method to estimate risk of HFH that can be
easily implemented without unduly burdening healthcare
providers. Additionally, it would be desirable to have a
method or system that was able to present increased grada-
tions of HFH risk instead of broad risk categories such as
high risk and low risk.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a conceptual drawing illustrating an example
system configured to transmit diagnostic information indica-
tive of heart failure that includes an implantable medical
device (IMD) coupled to implantable medical leads.

FIG. 2A is a conceptual drawing illustrating the example
IMD and leads of FIG. 1 in conjunction with a heart.

FIG. 2B is a conceptual drawing illustrating the example
IMD of FIG. 1 coupled to a different configuration of
implantable medical leads in conjunction with a heart.

FIG. 3 is a functional block diagram illustrating an
example configuration of the IMD of FIG. 1.

FIG. 4 is a functional block diagram illustrating an
example configuration of an external programmer that facili-
tates user communication with the IMD.

FIG. 5 is a block diagram illustrating an example com-
puter system that includes an external device and one or
more computing devices that are coupled to the IMD and
programmer shown in FIG. 1 via a network.

FIG. 6 illustrates an example user interface that includes
exemplary heart failure data that may be used in determining
heart failure hospitalization for a patient.
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FIG. 7 illustrates an example user interface that includes
exemplary heart failure data that may be used in determining
heart failure hospitalization for a patient.

FIG. 8 is a flow diagram of an exemplary technique heart
failure patient-related data organized and stored in memory
that is subsequently used to predict prospective risk of heart
failure hospitalization for a patient.

FIG. 9 depicts a diagnostic variable and an exemplary
default threshold value.

FIG. 10 depicts exemplary heart failure hospitalization
risk assessments that depend upon duration and amount of
data observations for heart failure patients.

FIGS. 11A-11B graphically depict heart failure hospital-
ization event rates to number of diagnostic data observations
in which impedance trend is excluded (FIG. 11A) and
impedance trend is included (FIG. 11B).

FIG. 12 is a graphical user interface depicting device and
clinical events cardiovascular alerts as associated with
increasing risk.

FIGS. 13A-13C relate to formation of a database in which
a lookup table for prospective heart failure risk is generated.
FIG. 13A depicts a set of timelines in which data observa-
tions are triggered for a set of patients. FIG. 13B depicts a
set of data observation categories associated with heart
failure hospitalizations for predicting prospective heart fail-
ure hospitalizations. FIG. 13C is a lookup table created to
associate total data observations during an evaluation period
with prospective heart failure hospitalization.

FIG. 14 depicts a flow diagram that predicts prospective
risk of heart failure hospitalization for a patient.

FIG. 15 is a graphical user interface depicting device and
clinical events cardiovascular alerts that can be displayed to
a user.

DETAILED DESCRIPTION

Techniques are presented in which a medical device
system, using data, customarily acquired through the use of
an implantable medical device (IMD), predicts a patient’s
risk of heart failure hospitalization (HFH). The medical
system includes an external device (e.g. server etc.) that is
accessed when predicting a patient’s risk of HFH. The
external device has a collection of heart failure patient-
related data organized and stored in memory for access
through a processor.

Multiple operations are involved in collecting patient
data. Data is interpreted to include datum, the singular form
of data, or the plural form of data. Data is typically collected
from each patient through an implantable medical device or
other suitable means. Techniques described herein focus on
data observations measured by the implantable medical
device and/or through other suitable means. Data observa-
tions is data that crosses a parameter or metric threshold. The
measured data observations are stored into the implantable
medical device memory. The data is then subsequently
transmitted and stored into the memory of the external
device. Additionally, other data is transmitted and stored into
memory which includes whether or not a patient experi-
enced HFH during an evaluation period. Whether the HFH
occurred at the beginning or the end of the evaluation period
is irrelevant to predicting the prospective risk of HFH. The
technique described herein merely determines that a HFH
occurred sometime during the evaluation period.

After data is stored in the memory of the external device,
the computer system defines a look back period as a set of
evaluation time periods. For example, the look back period
for a patient includes two consecutive evaluation periods—a
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preceding evaluation period and a current evaluation period.
The preceding evaluation period occurs immediately before
current evaluation period. In one or more embodiments,
each evaluation period extends the same amount of time
(e.g., 30 days, 45 days, 60 days, 75 days, 90 days etc.). In
one or more other embodiments, evaluation periods may
extend a different amount of time. For example, one evalu-
ation period can be 30 days while another evaluation time
period may be 35 days. In still yet another embodiment, the
preceding evaluation period can encompass a substantially
different amount of time than the current evaluation period
(e.g. 90 days for the preceding evaluation period compared
to 30 days for the current evaluation period). In one or more
other embodiments, evaluation period could encompass the
entire duration between two consecutive follow-up sessions.
Alternatively, the entire duration could be variable for the
same patient as time progresses. For example, entire dura-
tion between follow-up 1 and follow-up 2 could be 60 days
and the duration between follow-up 2 and follow-up 3 could
be 90 days.

Each evaluation period is categorized by its total amount
of data observations experienced by that patient during that
evaluation period. The total amount of data observations are
counted without regard to the type of data observations. To
categorize or classify the evaluation period, data observa-
tions are counted to determine the total amount of data
observations that occurred during that evaluation period. For
example, if 0 data observations exist during the evaluation
period, the evaluation period is designated as 0 data obser-
vations and the evaluation period is placed into the 0 data
observations category. A counter, associated with the zero
data observations category, is then incremented by “1” to
indicate that the evaluation period has been determined to
have zero data observations. During or after categorizing all
of the evaluation periods, each evaluation period or evalu-
ation window, within a particular data observations category,
is counted. After determining a total amount evaluations
periods that were categorized as being within a data obser-
vations category (e.g. 0 data observations category, 1 data
observations category, 2 data observations category, 3 data
observations category etc.), the total amount is stored into
the memory of the external device.

At the same time or about the same time, a determination
is made as to whether a HFH had occurred for each current
evaluation period experienced by a patient. If a HFH was
experienced by a patient during the current evaluation
period, a HFH counter for that particular data observations
category is incremented by “1.”

The risk of HFH is then estimated for each data obser-
vation category. For example, an equation for estimating
HFH risk for each evaluation period, designated with 0, 1,
2, 3, or more data observations, is as follows:

The prospective risk of HFH is then estimated for each
data observation category. For example, the equation for
estimating HFH risk for each evaluation period, designated
with 0, 1, 2, 3, or more data observations, is as follows:

Number of Risk Prediction windows with=1 HFH
Total number of Risk Assessment windows

or, stated in another way, as follows:
HFH risk=(HFHnext)/Nnext
where HFHnext is the total amount of HFH that occurred

during the current prediction period (shown as “HFH” in
FIG. 13B) for that particular data observations category
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while Nnext represents the total number of evaluation win-
dows (also referred to as “risk assessment windows” or “risk
prediction windows”) that is associated with that particular
data observations category.

Thereafter, a lookup table is created that associates total
data observations during an evaluation period with prospec-
tive heart failure hospitalization. After the database has been
completed and is stored in memory, a patient’s prospective
risk of heart failure hospitalization can be estimated using
the lookup table.

For example, patient data can be acquired through an
implantable medical device which indicates the patient
experienced 2 data observations during a preceding evalu-
ation period and 1 data observation for a current evaluation
period. Using the total data observations, the lookup table is
accessed and the heart failure hospitalization risk is deter-
mined for each evaluation period. In one or more embodi-
ments, a prospective heart failure hospitalization risk is
determined by using weighting factors in which the latter
evaluation time period is weighted more heavily than an
earlier evaluation time period. In one or more other embodi-
ments, each evaluation period can be automatically
weighted based upon user-defined input.

In one or more other embodiments, a physician is able to
obtain a customized HFH risk for a patient by inputting data
into the computer that requires a new lookup table to be
generated that solely associates HFH patients” data with one
or more characteristics of the physician’s patient. For
example, a new lookup table could be generated in which
data is limited to heart failure data acquired from patients
that have characteristics shared with the physician’s patient
such as gender (i.e. data limited to women alone, men
alone), age (e.g. pediatric patients) or some other age
grouping (i.e. over 40, over 50, over 60, 40 to 50, 50 to 60,
60 to 70, etc.) alone or other suitable categories. In one or
more other embodiments, the HFH risk can be further
customized by considering one or two parameters that may
be more relevant to the patient’s health history. For example,
a physician may focus on a subset of parameters that are
found in the database. A graphical user interface can then be
used to display the patient’s prospective heart failure hos-
pitalization risk to the user.

The present disclosure is configured to provide a more
realistic HFH risk than conventional methods. For example,
in one or more embodiments, the prospective HFH risk is
calculated by more heavily weighting the most recent evalu-
ation period (i.e. current evaluation period) compared to the
evaluation period preceding the current evaluation time
period. Yet another distinction is that the present disclosure
provides increased granular risk levels which also increases
the accuracy of estimating risk of HFH. By being able to
more realistically predict a patient’s HFH risk using pres-
ently available diagnostic data, the patient or physician can
act to minimize or potentially avoid a patient experiencing
HFH. For example, therapy can be adjusted in order to avoid
HFH. Preventing HFH can potentially improve long-term
patient outcome while reducing costs of care.

The present disclosure achieves numerous benefits over
conventional methods. For example, skilled artisans will
appreciate that the present disclosure is able to present
increased gradations of HFH risk instead of broad risk
categories. Additionally, compared to conventional meth-
ods, the present disclosure easily estimates prospective risk
of HFH without unduly burdening healthcare providers by
merely requiring a total count of data observations within an
evaluation period.
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FIG. 1 is a conceptual drawing illustrating an example
system 10 configured to transmit diagnostic information
indicative of heart failure of patient 14. In the example of
FIG. 1, system 10 includes IMD 16, which is coupled to
leads 18, 20, and 22 and programmer 24. IMD 16 may be,
for example, an implantable pacemaker, cardioverter, and/or
defibrillator that provides electrical signals to heart 12 via
electrodes coupled to one or more of leads 18, 20, and 22.
Patient 14 is ordinarily, but not necessarily a human patient.

In general, the techniques described in this disclosure may
be implemented by any medical device, e.g., implantable or
external, that senses a signal indicative of cardiac activity,
patient 14 activity, and/or fluid volume within patient 14. As
one alternative example, the techniques described herein
may be implemented in an external cardiac monitor that
generates electrograms of heart 12 and detects thoracic fluid
volumes, respiration, and/or cardiovascular pressure of
patient 14.

In the example of FIG. 1, leads 18, 20, 22 extend into the
heart 12 of patient 14 to sense electrical activity of heart 12
and/or deliver electrical stimulation to heart 12. Leads 18,
20, and 22 may also be used to detect a thoracic impedance
indicative of fluid volume in patient 14, respiration rates,
sleep apnea, or other patient metrics. Respiration metrics,
e.g., respiration rates, tidal volume, and sleep apnea, may
also be detectable via an electrogram, e.g.. based on a signal
component in a cardiac electrogram that is associated with
respiration. In the example shown in FIG. 1, right ventricular
(RV) lead 18 extends through one or more veins (not
shown), the superior vena cava (not shown), and right atrium
26, and into right ventricle 28. Left ventricular (LV) coro-
nary sinus lead 20 extends through one or more veins, the
vena cava, right atrium 26, and into the coronary sinus 30 to
a region adjacent to the free wall of left ventricle 32 of heart
12. Right atrial (RA) lead 22 extends through one or more
veins and the vena cava, and into the right atrium 26 of heart
12.

In some examples, system 10 may additionally or alter-
natively include one or more leads or lead segments (not
shown in FIG. 1) that deploy one or more electrodes within
the vena cava, or other veins. Furthermore, in some
examples, system 10 may additionally or alternatively
include temporary or permanent epicardial or subcutaneous
leads with electrodes implanted outside of heart 12, instead
of or in addition to transvenous, intracardiac leads 18, 20 and
22. Such leads may be used for one or more of cardiac
sensing, pacing, or cardioversion/defibrillation. For
example, these electrodes may allow alternative electrical
sensing configurations that provide improved or supplemen-
tal sensing in some patients. In other examples, these other
leads may be used to detect intrathoracic impedance as a
patient metric for identifying a heart failure risk or fluid
retention levels.

IMD 16 may sense electrical signals attendant to the
depolarization and repolarization of heart 12 via electrodes
(not shown in FIG. 1) coupled to at least one of the leads 18,
20, 22. In some examples, IMD 16 provides pacing pulses
to heart 12 based on the electrical signals sensed within heart
12. The configurations of electrodes used by IMD 16 for
sensing and pacing may be unipolar or bipolar. IMD 16 may
detect arrhythmia of heart 12, such as tachycardia or fibril-
lation of the atria 26 and 36 and/or ventricles 28 and 32, and
may also provide defibrillation therapy and/or cardioversion
therapy via electrodes located on at least one of the leads 18,
20, 22. In some examples, IMD 16 may be programmed to
deliver a progression of therapies, e.g., pulses with increas-
ing energy levels, until a fibrillation of heart 12 is stopped.
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IMD 16 may detect fibrillation employing one or more
fibrillation detection techniques known in the art.

In addition, IMD 16 may monitor the electrical signals of
heart 12 for patient metrics stored in IMD 16 and/or used in
generating the heart failure risk level. IMD 16 may utilize
two of any electrodes carried on leads 18, 20, 22 to generate
electrograms of cardiac activity. In some examples, IMD 16
may also use a housing electrode of IMD 16 (not shown) to
generate electrograms and monitor cardiac  activity.
Although these electrograms may be used to monitor heart
12 for potential arrhythmias and other disorders for therapy,
the electrograms may also be used to monitor the condition
of heart 12. For example, IMD 16 may monitor heart rate
(night time and day time), heart rate variability, ventricular
or atrial intrinsic pacing rates, indicators of blood flow, or
other indicators of the ability of heart 12 to pump blood or
the progression of heart failure.

In some examples, IMD 16 may also use any two elec-
trodes of leads 18, 20, and 22 or the housing electrode to
sense the intrathoracic impedance of patient 14. As the
tissues within the thoracic cavity of patient 14 increase in
fluid content, the impedance between two electrodes may
also change. For example, the impedance between an RV
coil electrode and the housing electrode may be used to
monitor changing intrathoracic impedance.

IMD 16 may use intrathoracic impedance to create a fluid
index. As the fluid index increases, more fluid is being
retained within patient 14 and heart 12 may be stressed to
keep up with moving the greater amount of fluid. Therefore,
this fluid index may be a patient metric transmitted in
diagnostic data or used to generate the heart failure risk
level. By monitoring the fluid index in addition to other
patient metrics, IMD 16 may be able to reduce the number
of false positive heart failure identifications relative to what
might occur when monitoring only one or two patient
metrics. Furthermore, IMD 16, along with other networked
computing devices described herein, may facilitate remote
monitoring of patient 14, e.g., monitoring by a health care
professional when the patient is not located in a healthcare
facility or clinic associated with the health care professional,
during a post-hospitalization period. An example system for
measuring thoracic impedance and determining a fluid index
is described in U.S. Patent Publication No. 2010/0030292 to
Sarkar et al., entitled, “DETECTING WORSENING
HEART FAILURE BASED ON IMPEDANCE MEA-
SUREMENTS,” which published on Feb. 4, 2010 and is
incorporated herein by reference in its entirety.

IMD 16 may also communicate with external programmer
24. In some examples, programmer 24 comprises an external
device, e.g., a handheld computing device, computer work-
station, or networked computing device. Programmer 24
may include a user interface that receives input from a user.
In other examples, the user may also interact with program-
mer 24 remotely via a networked computing device. The
user may interact with programmer 24 to communicate with
IMD 16. For example, the user may interact with program-
mer 24 to send an interrogation request and retrieve patient
metrics or other diagnostic information from IMD 16. A user
may also interact with programmer 24 to program IMD 16,
e.g., select values for operational parameters of IMD 16.
Although the user is a physician, technician, surgeon, elec-
trophysiologist, or other healthcare professional, the user
may be patient 14 in some examples.

For example, the user may use programmer 24 to retrieve
information from IMD 16 regarding patient metric data
and/or the heart failure risk level. Heart failure risk level
may be transmitted as diagnostic information. Although
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programmer 24 may retrieve this information after submit-
ting an interrogation request, IMD 16 may push or transmit
the heart failure risk level, for example, if the heart failure
risk level indicates a change in patient treatment is neces-
sary. For example, gradations of risk level may be deter-
mined based on a total number of times that patient metrics
exceed their representative thresholds. Additionally or alter-
natively, the risk level may be solely determined by total
number of data observations associated with one or more
metrics over a pre- or post-specified time period.

IMD 16, external device 114, and/or programmer 24 may
generate the HFH risk level. Exemplary patient metric data
may include intracardiac or intravascular pressure, activity,
posture, respiration, thoracic impedance, impedance trend
etc. As another example, the user may use programmer 24 to
retrieve information from IMD 16 regarding the perfor-
mance or integrity of IMD 16 or other components of system
10, such as leads 18, 20 and 22, or a power source of IMD
16. In some examples, any of this information may be
presented to the user as an alert (e.g., a notification or
instruction). Further, alerts may be pushed from IMD 16 to
facilitate alert delivery whenever programmer 24 is detect-
able by IMD 16. IMD 16 may wirelessly transmit alerts, or
other diagnostic information, to facilitate immediate notifi-
cation of the heart failure condition.

Programmer 24 may also allow the user to define how
IMD 16 senses, detects, and manages each of the patient
metrics. For example, the user may define the frequency of
sampling or the evaluation window used to monitor the
patient metrics. Additionally or alternatively, the user may
use programmer 24 to set each metric threshold used to
monitor the status of each patient metric. The metric thresh-
olds may be used to determine when one or more patient
metrics has reached a magnitude indicative of being at risk
for heart failure and/or heart failure hospitalization. In some
examples, when a data exceeds its respective metric thresh-
old, the metric may be counted for that evaluation period.
For example, if one or more patient metrics exceed their
thresholds a predetermined number of times, the HFH risk
level may be shown in gradations of increased risk level for
patient 14 to be hospitalized, e.g. within thirty days. The
HFH risk level is based upon a predetermined number of
data observations. In other examples, the predetermined
number may be set to a different number or a risk level
percentage (fraction). In this manner, the predetermined
number is exceeded metrics thresholds. Programmer 24 may
be used to set this predetermined number or any other factors
used to generate and interpret the heart failure risk level.

IMD 16 and programmer 24 may communicate via wire-
less communication using any techniques known in the art.
Examples of communication techniques may include, for
example, radiofrequency (RF) telemetry, but other commu-
nication techniques such as magnetic coupling are also
contemplated. In some examples, programmer 24 may
include a programming head that may be placed proximate
to the body of the patient near the IMD 16 implant site in
order to improve the quality or security of communication
between IMD 16 and programmer 24.

IMD 16 may automatically detect each of the patient
metrics and store them within the IMD for later transmis-
sion. Although IMD 16 may automatically detect a number
(e.g. 10 or less) different patient metrics in some examples,
IMD 16 may detect more or less patient metrics in other
examples. For example, the patient metrics may include two
or more of a thoracic fluid index, an atrial fibrillation
duration, a ventricular contraction rate during atrial fibril-
lation, a patient activity, a nighttime heart rate, a heart rate
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variability, a cardiac resynchronization therapy (CRT) per-
centage (e.g., the percentage of cardiac cycles for which
cardiac resynchronization pacing was provided), or the
occurrence of or number of therapeutic electrical shocks.
The metric-specific thresholds may include at least two of a
thoracic fluid index threshold of approximately 60, an atrial
fibrillation duration threshold of approximately 6 hours, a
ventricular contraction rate threshold approximately equal to
90 beats per minute for 24 hours, a patient activity threshold
approximately equal to 1 hour per day for seven consecutive
days, a nighttime heart rate threshold of approximately 85
beats per minute for seven consecutive days, a heart rate
variability threshold of approximately 40 milliseconds for
seven consecutive days, a cardiac resynchronization therapy
percentage threshold of 90 percent for five of seven con-
secutive days, or an electrical shock threshold of 1 electrical
shock. In addition to transmitting diagnostic information
during a hospitalization period and a post-hospitalization
period, IMD 16 may transmit diagnostic information to a
clinician or other user prior to the hospitalization period. In
other words, IMD 16 may transmit a heart failure risk level
to a clinician before patient 14 is ever admitted to the
hospital for a heart failure decompensation event. The risk
level transmitted may be similar to the post-hospitalization
risk level, but, in some examples, the risk level transmitted
prior to hospitalization may be transmitted less frequently, in
response to an interrogation request from the clinician or
other user, or upon the risk level reaching a more severe
level, e.g., a high or medium risk of hospitalization.

In addition, IMD 16 may alter the method with which
patient metrics are stored within IMD 16. In other words,
IMD 16 may store the automatically detected data observa-
tions with a dynamic data storage rate. Before patient 14 is
admitted to the hospital, e.g., before the hospitalization
period, the clinician or admitting healthcare professional
may submit an interrogation request to IMD 16 in order to
retrieve a portion of the stored patient metrics. The patient
metrics may help the clinician determine if hospitalization of
patient 14 is a prudent action for treatment. In response to
the interrogation request, IMD 16 may transmit at least some
of the automatically detected patient metrics stored in IMD
16.

FIG. 2A is a conceptual drawing illustrating IMD 16 and
leads 18, 20, and 22 of system 10 in greater detail. As shown
in FIG. 2A, IMD 16 is coupled to leads 18, 20, and 22. Leads
18, 20, 22 may be electrically coupled to a signal generator,
e.g., stimulation generator, and a sensing module of IMD 16
via connector block 34. In some examples, proximal ends of
leads 18, 20, 22 may include electrical contacts that elec-
trically couple to respective electrical contacts within con-
nector block 34 of IMD 16. In addition, in some examples,
leads 18, 20, 22 may be mechanically coupled to connector
block 34 with the aid of set screws, connection pins, snap
connectors, or another suitable mechanical coupling mecha-
nism.

Each of the leads 18, 20, 22 includes an elongated
insulative lead body, which may carry a number of concen-
tric coiled conductors separated from one another by tubular
insulative sheaths. Bipolar electrodes 40 and 42 are located
adjacent to a distal end of lead 18 in right ventricle 28. In
addition, bipolar electrodes 44 and 46 are located adjacent to
a distal end of lead 20 in coronary sinus 30 and bipolar
electrodes 48 and 50 are located adjacent to a distal end of
lead 22 in right atrium 26. In the illustrated example, there
are no electrodes located in left atrium 36. However, other
examples may include electrodes in left atrium 36.
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Electrodes 40, 44, and 48 may take the form of ring
electrodes, and electrodes 42, 46 and 50 may take the form
of extendable helix tip electrodes mounted retractably within
insulative electrode heads 52, 54 and 56, respectively. In
other examples, one or more of electrodes 42, 46 and 50 may
take the form of small circular electrodes at the tip of a tined
lead or other fixation element. Leads 18, 20, 22 also include
elongated electrodes 62, 64, 66, respectively, which may
take the form of a coil. Each of the electrodes 40, 42, 44, 46,
48, 50, 62, 64 and 66 may be electrically coupled to a
respective one of the coiled conductors within the lead body
of its associated lead 18, 20, 22, and thereby coupled to
respective ones of the electrical contacts on the proximal end
of leads 18, 20 and 22.

In some examples, as illustrated in FIG. 2A, IMD 16
includes one or more housing electrodes, such as housing
electrode 58, which may be formed integrally with an outer
surface of hermetically-sealed housing 60 of IMD 16, or
otherwise coupled to housing 60. In some examples, housing
electrode 58 is defined by an uninsulated portion of an
outward facing portion of housing 60 of IMD 16. Other
division between insulated and uninsulated portions of hous-
ing 60 may be employed to define two or more housing
electrodes. In some examples, housing electrode 58 com-
prises substantially all of housing 60. As described in further
detail with reference to FIG. 3, housing 60 may enclose a
signal generator that generates therapeutic stimulation, such
as cardiac pacing pulses and defibrillation shocks, as well as
a sensing module for monitoring the rhythm of heart 12.

IMD 16 may sense electrical signals attendant to the
depolarization and repolarization of heart 12 via electrodes
40, 42, 44, 46, 48, 50, 62, 64 and 66. The electrical signals
are conducted to IMD 16 from the electrodes via the
respective leads 18, 20, 22. IMD 16 may sense such elec-
trical signals via any bipolar combination of electrodes 40,
42, 44, 46, 48, 50, 62, 64 and 66. Furthermore, any of the
electrodes 40, 42, 44, 46, 48, 50, 62, 64 and 66 may be used
for unipolar sensing in combination with housing electrode
58. The combination of electrodes used for sensing may be
referred to as a sensing configuration or electrode vector.

In some examples, IMD 16 delivers pacing pulses via
bipolar combinations of electrodes 40, 42, 44, 46, 48 and 50
to produce depolarization of cardiac tissue of heart 12. In
some examples, IMD 16 delivers pacing pulses via any of
electrodes 40, 42, 44, 46, 48 and 50 in combination with
housing electrode 58 in a unipolar configuration. Further-
more, IMD 16 may deliver defibrillation pulses to heart 12
via any combination of elongated electrodes 62, 64, 66, and
housing electrode 58. Electrodes 58, 62, 64, 66 may also be
used to deliver cardioversion pulses to heart 12. Electrodes
62, 64, 66 may be fabricated from any suitable electrically
conductive material, such as, but not limited to, platinum,
platinum alloy or other materials known to be usable in
implantable defibrillation electrodes. The combination of
electrodes used for delivery of stimulation or sensing, their
associated conductors and connectors, and any tissue or fluid
between the electrodes, may define an electrical path.

The configuration of system 10 illustrated in FIGS. 1 and
2A is merely one example. In other examples, a system may
include epicardial leads and/or subcutaneous electrodes
instead of or in addition to the transvenous leads 18, 20, 22
illustrated in FIG. 1. Further, IMD 16 need not be implanted
within patient 14. In examples in which IMD 16 is not
implanted in patient 14, IMD 16 may sense electrical signals
and/or deliver defibrillation pulses and other therapies to
heart 12 via percutaneous leads that extend through the skin
of patient 14 to a variety of positions within or outside of
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heart 12. Further, external electrodes or other sensors may be
used by IMD 16 to deliver therapy to patient 14 and/or sense
and detect patient metrics used to generate diagnostic infor-
mation, e.g., a heart failure risk level.

In addition, in other examples, a system may include any
suitable number of leads coupled to IMD 16, and each of the
leads may extend to any location within or proximate to
heart 12. For exaniple, systems in accordance with this
disclosure may include three transvenous leads located as
illustrated in FIGS. 1 and 2, and an additional lead located
within or proximate to left atrium 36. As another example,
systems may include a single lead that extends from IMD 16
into right atrium 26 or right ventricle 28, or two leads that
extend into a respective one of the right ventricle 26 and
right atrium 26. An example of a two lead type of system is
shown in FIG. 2B. Any electrodes located on these addi-
tional leads may be used in sensing and/or stimulation
configurations.

Any of electrodes 40, 42, 44, 46, 48, 50, 62, 64, 66, and
58 may be utilized by IMD 16 to sense or detect patient
metrics used to generate the heart failure risk level for
patient 14. Typically, IMD 16 may detect and collect patient
metrics from those electrode vectors used to treat patient 14.
For example, IMD 16 may derive an atrial fibrillation
duration, heart rate, and heart rate variability metrics from
electrograms generated to deliver pacing therapy. However,
IMD 16 may utilize other electrodes to detect these types of
metrics from patient 14 when other electrical signals may be
more appropriate for therapy.

In addition to electrograms of cardiac signals, any of
electrodes 40, 42, 44, 46, 48, 50, 62, 64, 66, and 58 may be
used to sense non-cardiac signals. For example, two or more
electrodes may be used to measure an impedance within the
thoracic cavity of patient 14. Intrathoracic impedance may
be used to generate a fluid index patient metric that indicates
the amount of fluid building up within patient 14. Since a
greater amount of fluid may indicate increased pumping
loads on heart 12, the fluid index may be used as an indicator
of HFH risk. IMD 16 may periodically measure the intratho-
racic impedance to identify a trend in the fluid index over
days, weeks, months, and even years of patient monitoring.
In general, the two electrodes used to measure the intratho-
racic impedance may be located at two different positions
within the chest of patient 14. For example, coil electrode 62
and housing electrode 58 may be used as the sensing vector
for intrathoracic impedance because electrode 62 is located
within RV 28 and housing electrode 58 is located at the IMD
16 implant site generally in the upper chest region. However,
other electrodes spanning multiple organs or tissues of
patient 14 may also be used, e.g., an additional implanted
electrode used only for measuring thoracic impedance.

FIG. 2B is a conceptual diagram illustrating another
example system 70, which is similar to system 10 of FIGS.
1 and 2A, but includes two leads 18, 22, rather than three
leads. Leads 18, 22 are implanted within right ventricle 28
and right atrium 26, respectively. System 70 shown in FIG.
2B may be useful for physiological sensing and/or providing
pacing, cardioversion, or other therapies to heart 12. Detec-
tion of patient diagnostic data according to this disclosure
may be performed in two lead systems in the manner
described herein with respect to three lead systems. In other
examples, a system similar to systems 10 and 70 may only
include one lead (e.g., any of leads 18, 20 or 22) to deliver
therapy and/or sensor and detect patient metrics related to
monitoring risk of heart failure. Alternatively, diagnostic
data may be implemented in systems utilizing subcutaneous
leads, subcutaneous IMDs, or even external medical
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devices. Although FIGS. 1-2 provide some useful IMD 16
implantation examples, skilled artisans appreciate that IMD
16 and its associated electrodes can be implanted in other
locations of the body and can include leads or be leadless.

FIG. 3 is a functional block diagram illustrating an
example configuration of IMD 16. In the illustrated
example, IMD 16 includes a processor 80, memory 82,
metric detection module 92, signal generator 84, sensing
module 86, telemetry module 88, and power source 90.
Memory 82 includes computer-readable instructions that,
when executed by processor 80, cause IMD 16 and proces-
sor 80 to perform various functions attributed to IMD 16 and
processor 80 herein. Memory 82 may include any volatile,
non-volatile, magnetic, optical, or electrical media, such as
a random access memory (RAM), read-only memory
(ROM), non-volatile RAM (NVRAM), electrically-erasable
programmable ROM (EEPROM), flash memory, or any
other digital or analog media.

Processor 80 may include any one or more of a micro-
processor, a controller, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field-pro-
grammable gate array (FPGA), or equivalent discrete or
analog logic circuitry. In some examples, processor 80 may
include multiple components, such as any combination of
one or more mMicroprocessors, one or more controllers, one
or more DSPs, one or more ASICs, or one or more FPGAs,
as well as other discrete or integrated logic circuitry. The
functions attributed to processor 80 herein may be embodied
as software, firmware, hardware or any combination thereof.

Processor 80 controls signal generator 84 to deliver
stimulation therapy to heart 12 according to a therapy
parameters, which may be stored in memory 82. For
example, processor 80 may control signal generator 84 to
deliver electrical pulses with the amplitudes, pulse widths,
frequency, or electrode polarities specified by the therapy
parameters.

Signal generator 84 is electrically coupled to electrodes
40, 42, 44, 46, 48, 50, 58, 62, 64, and 66, e.g., via conductors
of the respective lead 18, 20, 22, or, in the case of housing
electrode 58, via an electrical conductor disposed within
housing 60 of IMD 16. In the illustrated example, signal
generator 84 is configured to generate and deliver electrical
stimulation therapy to heart 12. For example, signal genera-
tor 84 may deliver defibrillation shocks to heart 12 via at
least two electrodes 58, 62, 64, 66. Signal generator 84 may
deliver pacing pulses via ring electrodes 40, 44, 48 coupled
to leads 18, 20, and 22, respectively, and/or helical elec-
trodes 42, 46, and 50 of leads 18, 20, and 22, respectively.
In some examples, signal generator 84 delivers pacing,
cardioversion, or defibrillation stimulation in the form of
electrical pulses. In other examples, signal generator may
deliver one or more of these types of stimulation in the form
of other signals, such as sine waves, square waves, or other
substantially continuous time signals.

Signal generator 84 may include a switch module and
processor 80 may use the switch module to select, e.g., via
a data/address bus, which of the available electrodes are
used to deliver defibrillation pulses or pacing pulses. The
switch module may include a switch array, switch matrix,
multiplexer, or any other type of switching device suitable to
selectively couple stimulation energy to selected electrodes.

Electrical sensing module 86 monitors signals from at
least one of electrodes 40, 42, 44, 46, 48, 50, 58, 62, 64 or
66 in order to monitor electrical activity of heart 12, imped-
ance, or other electrical phenomenon. Sensing may be done
to determine heart rates or heart rate variability, or to detect
arrhythmias or other electrical signals. Sensing module 86
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may also include a switch module to select which of the
available electrodes are used to sense the heart activity,
depending upon which electrode combination, or electrode
vector, is used in the current sensing configuration. In some
examples, processor 80 may select the electrodes that func-
tion as sense electrodes, i.e., select the sensing configura-
tion, via the switch module within sensing module 86.
Sensing module 86 may include one or more detection
channels, each of which may be coupled to a selected
electrode configuration for detection of cardiac signals via
that electrode configuration. Some detection channels may
be configured to detect cardiac events, such as P- or
R-waves, and provide indications of the occurrences of such
events to processor 80, e.g., as described in U.S. Pat. No.
5,117,824 to Keimel et al., which issued on Jun. 2, 1992 and
is entitled, “APPARATUS FOR MONITORING ELECTRI-
CAL PHYSIOLOGIC SIGNALS,” and is incorporated
herein by reference in its entirety. Processor 80 may control
the functionality of sensing module 86 by providing signals
via a data/address bus.

Processor 80 may include a timing and control module,
which may be embodied as hardware, firmware, software, or
any combination thereof. The timing and control module
may comprise a dedicated hardware circuit, such as an
ASIC, separate from other processor 80 components, such as
a microprocessor, or a software module executed by a
component of processor 80, which may be a microprocessor
or ASIC. The timing and control module may implement
programmable counters. If IMD 16 is configured to generate
and deliver pacing pulses to heart 12, such counters may
control the basic time intervals associated with DDD, VVI,
DVI, VDD, AAI, DDI, DDDR, VVIR, DVIR, VDDR,
AAIR, DDIR, CRT, and other modes of pacing.

Intervals defined by the timing and control module within
processor 80 may include atrial and ventricular pacing
escape intervals, refractory periods during which sensed
P-waves and R-waves are ineffective to restart timing of the
escape intervals, and the pulse widths of the pacing pulses.
As another example, the timing and control module may
withhold sensing from one or more channels of sensing
module 86 for a time interval during and after delivery of
electrical stimulation to heart 12. The durations of these
intervals may be determined by processor 80 in response to
stored data in memory 82. The timing and control module of
processor 80 may also determine the amplitude of the
cardiac pacing pulses.

Interval counters implemented by the timing and control
module of processor 80 may be reset upon sensing of
R-waves and P-waves with detection channels of sensing
module 86. In examples in which IMD 16 provides pacing,
signal generator 84 may include pacer output circuits that
are coupled, e.g., selectively by a switching module, to any
combination of electrodes 40, 42, 44, 46, 48, 50, 58, 62, or
66 appropriate for delivery of a bipolar or unipolar pacing
pulse to one of the chambers of heart 12. In such examples,
processor 80 may reset the interval counters upon the
generation of pacing pulses by signal generator 84, and
thereby control the basic timing of cardiac pacing functions,
including anti-tachyarrhythmia pacing.

The value of the count present in the interval counters
when reset by sensed R-waves and P-waves may be used by
processor 80 to measure the durations of R-R intervals, P-P
intervals, P-R intervals and R-P intervals, which are mea-
surements that may be stored in memory 82. Processor 80
may use the count in the interval counters to detect a
tachyarrhythmia event, such as atrial fibrillation (AF), atrial
tachycardia (AT), ventricular fibrillation (VF), or ventricular
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tachycardia (VT). These intervals may also be used to detect
the overall heart rate, ventricular contraction rate, and heart
rate variability. A portion of memory 82 may be configured
as a plurality of recirculating buffers, capable of holding
series of measured intervals, which may be analyzed by
processor 80 in response to the occurrence of a pace or sense
interrupt to determine whether the patient’s heart 12 is
presently exhibiting atrial or ventricular tachyarrhythmia.

In some examples, an arrhythmia detection method may
include any suitable tachyarrhythmia detection algorithms.
In one example, processor 80 may utilize all or a subset of
the rule-based detection methods described in U.S. Pat. No.
5,545,186 to Olson et al., entitled, “PRIORITIZED RULE
BASED METHOD AND APPARATUS FOR DIAGNOSIS
AND TREATMENT OF ARRHYTHMIAS,” which issued
on Aug. 13, 1996, or in U.S. Pat. No. 5,755,736 to Gillberg
et al., entitled, “PRIORITIZED RULE BASED METHOD
AND APPARATUS FOR DIAGNOSIS AND TREAT-
MENT OF ARRHYTHMIAS;” which issued on May 26,
1998. U.S. Pat. No. 5,545,186 to Olson et al. U.S. Pat. No.
5,755,736 to Gillberg et al. is incorporated herein by refer-
ence in their entireties. However, other arrhythmia detection
methodologies may also be employed by processor 80 in
other examples.

In some examples, processor 80 may determine that
tachyarrhythmia has occurred by identification of shortened
R-R (or P-P) interval lengths. Generally, processor 80
detects tachycardia when the interval length falls below 220
milliseconds (ms) and fibrillation when the interval length
falls below 180 ms. These interval lengths are merely
examples, and a user may define the interval lengths as
desired, which may then be stored within memory 82. This
interval length may need to be detected for a certain number
of consecutive cycles, for a certain percentage of cycles
within a running window, or a running average for a certain
number of cardiac cycles, as examples.

In the event that processor 80 detects an atrial or ven-
tricular tachyarrhythmia based on signals from sensing
module 86, and an anti-tachyarrhythmia pacing regimen is
desired, timing intervals for controlling the generation of
anti-tachyarrhythmia pacing therapies by signal generator
84 may be loaded by processor 80 into the timing and
control module to control the operation of the escape inter-
val counters therein and to define refractory periods during
which detection of R-waves and P-waves is ineffective to
restart the escape interval counters for the an anti-tachyar-
rhythmia pacing. Processor 80 detects data (e.g. data obser-
vations etc.) at an IMD 16 check and/or interrogation time
point. Data is sensed based on signals from sensing module
86. Additionally, cardioversion or defibrillation shock can be
determined to be needed based upon sensed data, and
processor 80 may control the amplitude, form and timing of
the shock delivered by signal generator 84.

Memory 82 is configured to store data. Exemplary data
can be associated with a variety of operational parameters,
therapy parameters, sensed and detected data, and any other
information related to the therapy and treatment of patient
14. In the example of FIG. 3, memory 82 also includes
metric parameters 83 and metric data 85. Metric parameters
83 may include all of the parameters and instructions
required by processor 80 and metric detection module 92 to
sense and detect each of the patient metrics used to generate
the diagnostic information transmitted by IMD 16. Metric
data 85 may store all of the data generated from the sensing
and detecting of each patient metric. In this manner, memory
82 stores a plurality of automatically detected patient met-
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rics as the data required to generate a risk level of patient 14
being admitted to the hospital due to heart failure.

Metric parameters 83 may include definitions of each of
the patient metrics automatically sensed or measured by
metric detection module 92. These definitions may include
instructions regarding what electrodes or sensors to use in
the detection of each metric. Preferred metrics include an (1)
impedance trend index (also referred to as OPTIVOL®
commercially available in IMDs from Medtronic Inc.,
located in MN), (2) intrathoracic impedance, (3) atrial
tachycardia/atrial fibrillation (AT/AF) burden, (4) mean ven-
tricular rate during AT/AF, (5) patient activity, (6) V rate, (7)
day and night heart rate, (8) percent CRT pacing, and/or (9)
number of shocks. OPTIVOL® is described with respect to
U.S. patent Ser. No. 10/727,008 filed on Dec. 3, 2003 issued
as U.S. Pat. No. 7,986,994, and assigned to the assignee of
the present invention, the disclosure of which is incorpo-
rated by reference in its entirety herein. Other suitable
metrics can also be used. For example, a reference or
baseline level impedance is established for a patient from
which subsequently acquired raw impedance data is com-
pared. For example, raw impedance can be acquired from
the electrodes (e.g. RV coil to Can) and compared to the
reference impedance. Baseline impedance can be derived by
averaging impedance over a duration of 7 (1-week) days to
90 days (3-months).

Metric parameters 83 may also store a metric-specific
threshold for each of the patient metrics automatically
detected by metric detection module 92. Metric thresholds
may be predetermined and held constant over the entire
monitoring of patient 14. In some examples, however,
metric thresholds may be modified by a user during therapy
or processor 80 may automatically modify one or more
metric thresholds to compensate for certain patient condi-
tions. For example, a heart rate threshold may be changed
over the course of monitoring if the normal or baseline heart
rate has changed during therapy.

In one example, these metric-specific thresholds may
include a thoracic fluid index threshold of approximately 60,
an atrial fibrillation burden threshold of approximately 6
consecutive hours, a ventricular contraction rate threshold
approximately equal to 90 beats per minute for 24 hours, a
patient activity threshold approximately equal to 1 hour per
day for seven consecutive days, a nighttime heart rate
threshold of approximately 85 beats per minute for seven
consecutive days, a heart rate variability threshold of
approximately 40 milliseconds for seven consecutive days,
a cardiac resynchronization therapy percentage threshold of
90 percent for five of seven consecutive days, and an
electrical shock number threshold of 1 electrical shock.
These thresholds may be different in other examples, and
may be configured by a user, e.g., a clinician, for an
individual patient.

Processor 80 may alter the method with which patient
metrics are stored in memory 82 as metric data 85. In other
words, processor 80 may store the automatically detected
patient metrics with a dynamic data storage rate. Metric
detection module 92 may, for example, transmit diagnostic
data that is based on the patient metrics and whether any of
the metrics exceed the respective specific metric thresholds.
Any time that an automatically detected patient metric
exceeds their respective metric threshold, the patient metric
can be counted.

In this manner, metric detection module 92 may auto-
matically detect each of the patient metrics and store them
within metric data 85 for later transmission.
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Example fluid index values and impedance measurements
are described in U.S. Patent Application No. 2010/0030292
entitled “DETECTING WORSENING HEART FAILURE
BASED ON IMPEDANCE MEASUREMENTS,” which is
incorporated by reference herein in its entirety. As the
intrathoracic impedance remains low, the fluid index may
increase. Conversely, as the intrathoracic impedance
remains high, the fluid index may decrease. In this manner,
the fluid index value maybe a numerical representation of
retained fluid that is specific to patient 14. In other examples,
the intrathoracic impedance may be alternatively used.

Metric data 85 is a portion of memory 82 that may store
some or all of the patient metric data that is sensed and/or
detected by metric detection module 92. Metric data 85 may
store the data for each metric on a rolling basis during an
evaluation window. The evaluation window may only retain
recent data and delete older data from the evaluation win-
dow when new data enters the evaluation window. In this
manner, the evaluation window may include only recent data
for a predetermined period of time. In one or more other
embodiments, memory can be configured for long term
storage of data. Processor 80 may access metric data when
necessary to retrieve and transmit patient metric data and/or
generate heart failure risk levels. In addition, metric data 85
may store any and all data observations, heart failure risk
levels or other generated information related to the heart
failure risk of patient 14. The data stored in metric data 85
may be transmitted as part of diagnostic information.
Although metric parameters 83 and/or metric data 85 may
consist of separate physical memories, these components
may simply be an allocated portion of the greater memory
82.

Metric detection module 92 may automatically sense and
detect each of the patient metrics. Metric detection module
92 may then generate diagnostic data, e.g., data that indi-
cates a threshold has been crossed, risk levels, based on the
patient metrics. For example, metric detection module 92
may measure the thoracic impedance, analyze an electro-
gram of heart 12, monitor the electrical stimulation therapy
delivered to patient 14, or sense the patient activity. It is
noted that functions attributed to metric detection module 92
herein may be embodied as software, firmware, hardware or
any combination thereof. In some examples, metric detec-
tion module 92 may at least partially be a software process
executed by processor 80. Metric detection module 92 may
sense or detect any of the patient metrics used as a basis for
generating the heart failure risk level or otherwise indication
of heart failure status or that patient 14 is at risk for
hospitalization. In one example, metric detection module 92
may compare each of the patient metrics to their respective
metric-specific thresholds defined in metric parameters 83 to
generate the heart failure risk level. Metric detection module
92 may automatically detect two or more patient metrics. In
other examples, metric detection module 92 may detect
different patient metrics.

In one example, metric detection module 92 may analyze
electrograms received from sensing module 86 to detect an
atrial fibrillation or atrial tachycardia, and determine atrial
tachycardia or fibrillation burden, e.g., duration, as well as
aventricular contraction rate during atrial fibrillation. Metric
detection module 92 may also analyze electrograms in
conjunction with a real-time clock, patient posture or activ-
ity signal, e.g., from activity sensor 96, and/or other physi-
ological signals indicative of when a patient is asleep or
awake to determine a nighttime (or sleeping) heart rate or a
daytime (or awake) heart rate or a difference between the
day and night heart rate, and also analyze electrograms to
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determine a heart rate variability, or any other detectable
cardiac events from one or more electrograms. As described
above, metric detection module 92 may use peak detection,
interval detection, or other methods to analyze the electro-
grams.

In addition, metric detection module 92 may include
and/or control impedance module 94 and activity sensor 96.
Impedance module 94 may be used to detect the thoracic
impedance used to generate the thoracic fluid index. As
described herein, impedance module 94 may utilize any of
the electrodes of FIG. 1, 2 or 3 to take intrathoracic
impedance measurements. In other examples, impedance
module 94 may utilize separate electrodes coupled to IMD
16 or in wireless communication with telemetry module 88.
Once impedance module 94 measures the intrathoracic
impedance of patient 14, metric detection module 92 may
generate the thoracic fluid index and compare the index to
the thoracic fluid index threshold defined in metric param-
eters 83.

Activity sensor 96 may include one or more accelerom-
eters or other devices capable of detecting motion and/or
position of patient 14. Activity sensor 96 may therefore
detect activities of patient 14 or postures engaged by patient
14. Metric detection module 92 may, for example, monitor
the patient activity metric based on the magnitude or dura-
tion of each activity and compare the determined metric data
to the activity threshold defined in metric parameters 83. In
addition to detecting events of patient 14, metric detection
module 92 may also detect certain therapies delivered by
signal generator 84, e.g., as directed by processor 80. Metric
detection module 92 may monitor signals through signal
generator 84 or receive therapy information directly from
processor 80 for the detection. Example patient metrics
detected by this method may include a cardiac resynchro-
nization therapy percentage or metrics related to delivery of
electrical shocks.

The cardiac resynchronization therapy (CRT) metric may
be the amount or percentage of time each day, or an amount
of percentage of cardiac cycles, as examples, that IMD 16
delivers cardiac resynchronization therapy to heart 12. Low
CRT amounts or percentages may indicate that beneficial
therapy is not being effectively delivered and that adjust-
ment of therapy parameters, e.g., an atrioventricular delay or
a lower pacing rate, may improve therapy eflicacy. In one
example, higher CRT amounts or percentages may indicate
that heart 12 is sufficiently pumping blood through the
vasculature with the aid of therapy to prevent fluid buildup.
In examples of other types of cardiac pacing (non-CRT) or
stimulation therapy, higher therapy percentages may indi-
cate that heart 12 is unable to keep up with blood flow
requirements.

An electrical shock may be a defibrillation event or other
high energy shock used to return heart 12 to a normal
rhythm. The metric related electrical shocks may be a
number or frequency of electrical shocks, e.g., a number of
shocks within a period of time. Metric detection module 92
may detect these patient metrics as well and compare them
to a cardiac resynchronization therapy percentage and shock
event threshold, respectively, defined in metric parameters
83 to determine when each patient metric has become
critical. In one example, the electrical shock event metric
may become critical when a threshold number of shocks is
delivered, e.g., within a time period, or even when patient 14
even receives one therapeutic shock.

Metric detection module 92 may include additional sub-
modules or sub-routines that detect and monitor other
patient metrics used to monitor patient 14 and/or generate

20

25

40

45

55

60

65

18

the HFH risk level. In some examples, metric detection
module 92, or portions thereof, may be incorporated into
processor 80 or sensing module 86. In other examples, raw
data used to produce patient metric data may be stored in
metric data 85 for later processing or transmission to an
external device. An external device may then produce each
patient metric from the raw data, e.g, electrogram or
intrathoracic impedance. In other examples, metric detection
module 92 may additionally receive data from one or more
implanted or external devices used to detect each metric
which IMD 16 may store as metric data.

In some examples, the patient metric thresholds used to
generate the risk levels may change over time, e.g., the
patient metric thresholds may either be modified by a user or
automatically changed based on other patient conditions.

Telemetry module 88 may receive commands from pro-
grammer 24, for example, to modify one or more metric
parameters 83 (e.g., metric creation instructions or metric-
specific thresholds). In some examples, processor 80 may
automatically adjust a metric-specific threshold if certain
conditions are present in patient 14. For example, the
threshold may be adjusted if patient 14 is experiencing
certain arrhythmias or data contained in cardiac electro-
grams change, e.g., there is a deviation in ST elevations or
presence of pre-ventricular contractions, in such a manner
that requires a change in the threshold.

Processor 80 may generate the HFH risk level based upon
the patient metrics sensed, detected, and stored in metric
data 85 of memory 82. For example, processor 80 may
continually update the HFH risk level as metric detection
module 92 updates each patient metric. In other examples,
processor 80 may periodically update the HFH risk level
according to an updating schedule. In one or more other
embodiments, the total number of data observations that
exceed a threshold within a pre-specified period of time can
be used to determine the risk of heart failure hospitalization.

As described above, processor 80 may provide an alert to
a user, e.g., of programmer 24, regarding the data from any
patient metric and/or the HFH risk level. In one example,
processor 80 may provide an alert with the HFH risk level
when programmer 24 or another device communicates with
IMD 16. Telemetry module 88 includes any suitable hard-
ware, firmware, software or any combination thereof for
communicating with another device, such as programmer 24
(FIG. 1). Under the control of processor 80, telemetry
module 88 may receive downlink telemetry from and send
uplink telemetry to programmer 24 with the aid of an
antenna, which may be internal and/or external. Processor
80 may provide the data to be uplinked to programmer 24
and the control signals for the telemetry circuit within
telemetry module 88, e.g., via an address/data bus. In some
examples, telemetry module 88 may provide received data
to processor 80 via a multiplexer.

In some examples, processor 80 may transmit atrial and
ventricular heart signals, e.g., EGMs, produced by atrial and
ventricular sense amplifier circuits within sensing module 86
to programmer 24. Programmer 24 may interrogate IMD 16
to receive the heart signals. Processor 80 may store heart
signals within memory 82, and retrieve stored heart signals
from memory 82. Processor 80 may also generate and store
marker codes indicative of different cardiac events that
sensing module 86 detects, and transmit the marker codes to
programmer 24. An example pacemaker with marker-chan-
nel capability is described in U.S. Pat. No. 4,374,382 to
Markowitz, entitled, “MARKER CHANNEL TELEM-
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ETRY SYSTEM FOR A MEDICAL DEVICE,” which
issued on Feb. 15, 1983 and is incorporated herein by
reference in its entirety.

In some examples, IMD 16 may signal programmer 24 to
further communicate with and pass the alert through a
network such as the Medtronic CareLink® Network devel-
oped by Medtronic, Inc., of Minneapolis, Minn., or some
other network linking patient 14 to a clinician. In this
manner, a computing device or user interface of the network
may be the external computing device that delivers the alert,
e.g., patient metric data. In other examples, one or more
steps in the generation of the heart failure risk level may
occur within a device external of patient 14, e.g., within
programmer 24 or a server networked to programmer 24. In
this manner, IMD 16 may detect and store patient metrics
before transmitting the patient metrics to a different com-
puting device.

In addition to transmitting diagnostic information during
a hospitalization period and a post-hospitalization period,
processor 80 may control telemetry module 88 to transmit
diagnostic information to a clinician or other user prior to the
hospitalization period. If one of the automatically detected
patient metrics exceeds its respective metric-specific thresh-
old, processor 80 may control telemetry module to transmit
that patient metric and possibly other patient metrics to
allow the clinician to more accurately diagnose the problem
with patient 14.

FIG. 4 is a functional block diagram illustrating an
example configuration of external programmer 24. As
shown in FIG. 4, programmer 24 may include a processor
100, memory 102, user interface 104, telemetry module 106,
and power source 108. Programmer 24 may be a dedicated
hardware device with dedicated software for programming
of IMD 16. Alternatively, programmer 24 may be an off-
the-shelf computing device running an application that
enables programmer 24 to program IMD 16.

A user may use programmer 24 to configure the opera-
tional parameters of and retrieve data from IMD 16 (FIG. 1).
The clinician may interact with programmer 24 via user
interface 104, which may include display to present graphi-
cal user interface to a user, and a keypad or another
mechanism for receiving input from a user. In addition, the
user may receive an alert or notification from IMD 16
indicating the heart failure risk level and/or patient metrics
via programmer 24. In other words, programmer 24 may
receive diagnostic information from IMD 16.

Processor 100 can take the form one or more micropro-
cessors, DSPs, ASICs, FPGAs, programmable logic cir-
cuitry, or the like, and the functions attributed to processor
100 herein may be embodied as hardware, firmware, soft-
ware or any combination thereof. Memory 102 may store
instructions that cause processor 100 to provide the func-
tionality ascribed to programmer 24 herein, and information
used by processor 100 to provide the functionality ascribed
to programmer 24 herein. Memory 102 may include any
fixed or removable magnetic, optical, or electrical media,
such as RAM, ROM, CD-ROM, hard or floppy magnetic
disks, EEPROM, or the like. Memory 102 may also include
a removable memory portion that may be used to provide
memory updates or increases in memory capacities. A
removable memory may also allow patient data to be easily
transferred to another computing device, or to be removed
before programmer 24 is used to program therapy for
another patient.

Programmer 24 may communicate wirelessly with IMD
16, such as using RF communication or proximal inductive
interaction. This wireless communication is possible
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through the use of telemetry module 106, which may be
coupled to an internal antenna or an external antenna. An
external antenna that is coupled to programmer 24 may
correspond to the programming head that may be placed
over heart 12, as described above with reference to FIG. 1.
Telemetry module 106 may be similar to telemetry module
88 of IMD 16 (FIG. 4).

Telemetry module 106 may also be configured to com-
municate with another computing device via wireless com-
munication techniques, or direct communication through a
wired connection. Examples of local wireless communica-
tion techniques that may be employed to facilitate commu-
nication between programmer 24 and another computing
device include RF communication according to the 802.11
or Bluetooth specification sets, infrared communication,
e.g., according to the IrDA standard, or other standard or
proprietary telemetry protocols. In this manner, other exter-
nal devices may be capable of communicating with pro-
grammer 24 without needing to establish a secure wireless
connection. An additional computing device in communi-
cation with programmer 24 may be a networked device such
as a server capable of processing information retrieved from
IMD 16.

In this manner. telemetry module 106 may transmit an
interrogation request to telemetry module 88 of IMD 16.
Accordingly, telemetry module 106 may receive data (e.g.
diagnostic information etc.) or diagnostic information
selected by the request or based on already entered patient
status to IMD 16. The data may include patient metric values
or other detailed information from telemetry module 88 of
IMD 16. The data may include an alert or notification of the
heart failure risk level from telemetry module 88 of IMD 16.
The alert may be automatically transmitted, or pushed, by
IMD 16 when the heart failure risk level becomes critical. In
addition, the alert may be a notification to a healthcare
professional, e.g., a clinician or nurse, of the risk level
and/or an instruction to patient 14 to seek medical treatment
for the potential heart failure condition that may require
re-hospitalization is left untreated. In response to receiving
the alert, user interface 104 may present the alert to the
healthcare professional regarding the risk level or present an
instruction to patient 14 to seek medical treatment.

Either in response to heart failure data, e.g., the risk level
or patient metrics, or requested heart failure information,
user interface 104 may present the patient metrics and/or the
heart failure risk level to the user. In some examples, user
interface 104 may also highlight each of the patient metrics
that have exceeded the respective one of the plurality of
metric-specific thresholds. In this manner, the user may
quickly review those patient metrics that have contributed to
the identified heart failure risk level.

Upon receiving the alert via user interface 104, the user
may also interact with user interface 104 to cancel the alert,
forward the alert, retrieve data regarding the heart failure
risk level (e.g., patient metric data), modify the metric-
specific thresholds used to determine the risk level, or
conduct any other action related to the treatment of patient
14. In some examples, the clinician may be able to review
raw data to diagnose any other problems with patient 14 or
monitor the efficacy of treatments given to patient 14. For
example, the clinician may check if the intrathoracic imped-
ance has increased after diuretic therapy or if the heart rate
has decreased during atrial fibrillation in response to a rate
controlling drug. User interface 104 may even suggest
treatment along with the alert, e.g., certain drugs and doses,
to minimize symptoms and tissue damage that could result
from heart failure. User interface 104 may also allow the
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user to specify the type and timing of alerts based upon the
severity or criticality of the heart failure risk level. In
addition to the heart failure risk level, in other examples,
user interface 104 may also provide the underlying patient
metrics to allow the clinician to monitor therapy efficacy and
remaining patient conditions.

In some examples, processor 100 of programmer 24
and/or one or more processors of one or more networked
computers may perform all or a portion of the techniques
described herein with respect to processor 80, metric detec-
tion module 92 and IMD 16. For example, processor 100 or
a metric detection module 92 within programmer 24 may
analyze patient metrics to detect those metrics exceeding
thresholds and to generate the heart failure risk level.

FIG. 5 is a block diagram illustrating an example system
that includes an external device 114 (e.g. server, etc.), and
one or more computing devices 120A-120N, that are
coupled to the IMD 16 and programmer 24 shown in FIG.
1 via a network 112. Network 112 may be generally used to
transmit diagnostic information (e.g., a risk level) from a
remote IMD 16 to another external computing device during
a post-hospitalization period. However, network 112 may
also be used to transmit diagnostic information from IMD 16
to an external computing device within the hospital so that
a clinician or other healthcare professional may monitor
patient 14. In this example, IMD 16 may use its telemetry
module 88 to communicate with programmer 24 via a first
wireless connection, and to communication with an access
point 110 via a second wireless connection. In the example
of FI1G. 5, access point 110, programmer 24, external device
114, and computing devices 120A-120N are interconnected,
and able to communicate with each other, through network
112. In some cases, one or more of access point 110,
programmer 24, external device 114, and computing devices
120A-120N may be coupled to network 112 through one or
more wireless connections. IMD 16, programmer 24, exter-
nal device 114, and computing devices 120A-120N may
each comprise one or more processors, such as one or more
microprocessors, DSPs, ASICs, FPGAs, programmable
logic circuitry, or the like, that may perform various func-
tions and operations, such as those described herein. Access
point 110 may comprise a device that connects to network
112 via any of a variety of connections, such as telephone
dial-up, digital subscriber line (DSL), or cable modem
connections. In other examples, access point 110 may be
coupled to network 112 through different forms of connec-
tions, including wired or wireless connections. In some
examples, access point 110 may be co-located with patient
14 and may comprise one or more programming units and/or
computing devices (e.g., one or more monitoring units) that
may perform various functions and operations described
herein. For example, access point 110 may include a home-
monitoring unit that is co-located with patient 14 and that
may monitor the activity of IMD 16. In some examples,
external device 114 or computing devices 120 may control
or perform any of the various functions or operations
described herein, e.g., generate a heart failure risk level
based on the patient metric comparisons or create patient
metrics from the raw metric data. External device 114
further includes input/output device 116, processor 118 and
memory 119. Input/output device 116 includes input devices
such as a keyboard, a mouse, voice input etc. and output
device includes graphical user interfaces, printers and other
suitable means. Processor 118 includes any suitable proces-
sor such as Intel Xeon Phi. Processor 118 is configured to set
the start and end dates for each evaluation period. The
evaluation period serves as an evaluation window that
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encompasses data, acquired from each patient, that are
within the boundaries (i.e. start and end times). Processor
118 is also configured to perform a variety of calculations.
For example, processor 118 calculates risk of HFH for each
evaluation period. In one or more embodiments, weighting
factors are applied to two or more evaluations periods to
determine the Frisk.

Memory 119 may include any volatile, non-volatile, mag-
netic, optical, or electrical media, such as a random access
memory (RAM), read-only memory (ROM), non-volatile
RAM (NVRAM), electrically-erasable programmable ROM
(EEPROM), flash memory, or any other digital or analog
media. Memory 119 stores data. Exemplary data stored in
memory 119 includes heart failure patient data, heart failure
prospective risk data etc. Evaluation period start and end
times are also stored in memory. Heart failure patient data
includes data observations (e.g. data sensed from sensors
that cross a threshold). Additionally, evaluation period data
is also stored in memory 119. For example, the start and end
dates of the evaluation period data is stored in memory 119.

In some cases, external device 114 may be configured to
provide a secure storage site for archival of diagnostic
information (e.g., patient metric data and/or heart failure risk
levels) that has been collected and generated from IMD 16
and/or programmer 24. Network 112 may comprise a local
area network, wide area network, or global network, such as
the Internet. In some cases, programmer 24 or external
device 114 may assemble the diagnostic data, heart failure
data, prospective heart failure risk data or other suitable data
in web pages or other documents for viewing by and trained
professionals, such as clinicians, via viewing terminals
associated with computing devices 120. The system of FIG.
5 may be implemented, in some aspects, with general
network technology and functionality similar to that pro-
vided by the Medtronic CarelLink® Network developed by
Medtronic, Inc., of Minneapolis, Minn.

In the manner of FIG. 5, computing device 120A or
programmer 24, for example, may be remote computing
devices that receive and present diagnostic information
transmitted from IMDs of multiple patients so that a clini-
cian may prioritize the patients needing treatment immedi-
ately. In other words, the clinician may triage patients by
analyzing the HFH levels of multiple patients. The comput-
ing device may use its communication module to receive the
diagnostic information (e.g., heart failure data) transmitted
from multiple IMDs via network 112.

FIG. 6 illustrates an exemplary screen 130 of user inter-
face 104 that includes diagnostic data. As shown in FIG. 6,
screen 130 includes risk level 144 that indicates the risk that
patient 14 will be hospitalized due to heart failure. As
described herein, the heart failure risk level may be indica-
tive that patient 14 would be hospitalized for a first time or
hospitalized for another time (e.g., re-hospitalized or re-
admitted). Although screen 130 is described as being pre-
sented on user interface 104 of programmer 24, screen 130
may be presented on any user interface of any device used
by a healthcare professional. The heart failure report of
screen 130 may be transmitted to a user at a scheduled
frequency, e.g., once a day or once a week, or in response to
an interrogation request from the user. As shown in FIG. 6,
screen 130 is a heart failure report that includes identifica-
tion data 132 and patient history data 134. Identification data
132 includes items such as the patient name, the device
name, the serial number of IMD 16, the date, and even the
physician name. Patient history data 134 may be relevant
data that may help in the treatment of patient 14.
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Screen 130 also includes clinical status 136 that includes
information regarding the stimulation therapy delivered by
IMD 16. Screen 130 also presents trend summary 138. Trend
summary 138 presents a snapshot of certain patient metrics
that are exceeding their respective metric thresholds to
contribute to the severity of risk level 144. Critical indicator
140 is provided to remind the user that each of the patient
metrics with critical indicator 140 is contributing to the risk
level because the metric threshold has been met or exceeded.
In examples in which risk level 144 is determined with a
statistical analysis, critical indicator 140 may not be neces-
sary. However, certain patient metrics that contribute sig-
nificantly to the probability that patient 14 may be re-
hospitalized may still be presented to the user.

In the example of FIG. 6, trend summary 138 presents
four patient metrics 142A, 142B, 142C, and 142D (collec-
tively “patient metrics 142”). Thoracic fluid index metric
142A indicates a maximum detected value of 96. Although
thoracic fluid index metric 142A is not contributing to risk
level 144 in this example, it is provided because it is an
important indicator of thoracic fluid volume and potential
heart failure. Atrial fibrillation duration 142B indicates that
patient 14 has had 28 days of atrial fibrillation or atrial
tachycardia for 24 hours. Activity metric 142C indicates that
patient 14 has been active for less than 1 hour per day for the
last 4 weeks. In addition, ventricular pacing metric 142D
(e.g., a cardiac resynchronization therapy percentage) indi-
cates that IMD 16 has been pacing heart 12 less than 90
percent of the time. As patient metrics 142 indicate, infor-
mation may be given that is more specific than just a
threshold has been exceeded. The actual observed patient
metric data, or summary of the data, may be presented in
trend summary 138.

Risk level 144 is highlighted by a double-lined rectangle
for easy location by the user. In other examples, risk level
144 may stand out from the rest of screen 130 in different
manners. For example, risk level 144 may be of a different
color, font size, or be presented with animation (e.g., flash-
ing or scrolling). Alternatively, risk level 144 may be located
at the top of screen 130 or other easily identifiable location.
Although risk level 144 is generally presented as a word
category, risk level 144 may be presented with a fraction,
percentage, weighted average, or other numerical score that
indicates that the severity of the risk level.

Although screen 130 may be a passively presented infor-
mational screen, screen 130 may be interactive. The user
may select areas of screen 130 to view more details about
any of patient metrics 142, e.g., the user may request
diagnostic information from IMD 16. Screen 130, in other
examples, may provide scroll bars, menus, and navigation
buttons to allow the user to view additional information,
adjust therapy, adjust metric parameters, or perform other
operations related to the treatment of patient 14 with the
patient metrics and risk level.

FIG. 7 illustrates an example screen 146 of another user
interface 104 with diagnostic data. Screen 146 may include
data (e.g., raw or calibrated data) from all of the patient
metrics used to generate the heart failure risk level for
patient 14. Although screen 146 is described as being
presented on user interface 104 of programmer 24, screen
130 may be presented on any user interface of any device
used by a healthcare professional. As shown in FIG. 7,
screen 146 provides another heart failure report, similar to
screen 130 of FIG. 6. Included are the metric data for a
variety of patient metrics 152, 154, 156, 158, 160, 162, 164,
and 166. Timeline 150 indicates for which months the data
is representative in all the metric graphs. Although this four
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month period may be the evaluation window, timeline 150
may cover many evaluation windows. For example, the
evaluation window may be equal to one week or one month,
such that the risk level is reviewed after the evaluation
window expires. In addition, the user may move through
time with an interactive timeline 150 in other examples.
Although not presented in screen 146, the heart failure risk
level may also be presented. In some examples, the user may
select any point within the graphs for the patient metrics to
retrieve specific values of the patient metric at that point in
time.

Thoracic fluid index metric 152 is labeled as “Fluid
Index.” Thoracic fluid index metric 152 illustrates that the
thoracic fluid index has been periodically raising and low-
ering over the months of May and June. In one example, the
thoracic fluid index threshold may be approximately 60.
However, the thoracic fluid index threshold may be gener-
ally between approximately 40 and 200.

Atrial fibrillation duration metric 154 is labeled “AF
Duration” and indicates how many hours each day that the
patient endured atrial fibrillation. As shown, atrial fibrilla-
tion duration metric 154 includes critical indicator 140
because of the days of atrial fibrillation shown at the end of
June. An example atrial fibrillation duration threshold may
be approximately 6 hours. However, the atrial fibrillation
duration threshold may be set generally between approxi-
mately 1 hour and 24 hours. Ventricular contraction metric
156 is labeled “AF+RVR” and indicates the ventricular
contraction rate during atrial fibrillation. The graph of ven-
tricular contraction metric 156 provides the average ven-
tricular contraction rate for each day and also the maximum
ventricular contraction rate observed during each day. Gen-
erally, the ventricular contraction rate during atrial fibrilla-
tion threshold may be set between approximately 70 beats
per minute and 120 beats per minute for 24 hours. In one
example, the ventricular contraction rate threshold may be
approximately equal to 90 beats per minute for 24 hours. In
other examples, the duration of 24 hours may be shorter or
longer.

Activity metric 158 also is highlighted with critical indi-
cator 140. Activity metric 158 is labeled “Activity” and
indicates for how many hours the patient is active each day.
A patient may be considered active when, for example, the
output of an accelerometer exceeds a threshold. Lower
activity levels may be a risk factor for heart failure, and the
graph of activity metric 158 indicates that patient 14 has
been less active at the end of June. In this manner, the patient
metric of activity may be a metric where exceeding the
metric-specific threshold includes dropping below the
threshold. In one example, the patient activity threshold may
be approximately equal to 1 hour per day for seven con-
secutive days. In other examples, the threshold may be set to
more or less time over a different duration. Instead of hours
per day, other examples of activity metric 158 may provide
durations of certain postures, e.g., lying down, sitting up, or
standing. In general, activity metric 158 may include mea-
surements of the rigor of patient activity and/or the amount
of time patient 14 is active.

Screen 148 also provides for heart rate metrics. Heart rate
metric 160 is labeled “HR” and indicates separate graphs for
each of the nighttime heart rate and daytime heart rate. In
some examples, the nighttime heart rate may be more
indicative of heart failure risk. Generally, the nighttime heart
rate threshold may be set to between approximately 70 beats
per minute and 120 beats per minute for a certain period of
time. In one example, the nighttime heart rate threshold may
be approximately 85 beats per minute for seven consecutive
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days. Heart rate variability metric 162 is labeled “HR
Variability” and indicates the degree of change in heart rate
throughout the day. Since lower heart rate variability may
indicate an increased sympathetic tone detrimental to blood
flow through the vasculature, heart rate variability may also
be a patient metric where exceeding the metric-specific
threshold includes dropping below the threshold. In one
example, the heart rate variability threshold may be set to
approximately 40 milliseconds for seven consecutive days,
but other variability thresholds may also be used. In other
examples, screen 148 may also provide comparisons
between two or more patient metrics, e.g., the difference
between day heart rate and nighttime heart rate.

In addition, screen 148 may also provide a few patient
metrics derived from therapy delivered to patient 14.
Therapy percentage metric 164 is labeled “% CRT” and
indicates the percentage of time each day and night that IMD
16 is delivering a cardiac resynchronization therapy, e.g.,
pacing therapy. Lower percentages of therapy may indicate
diminished blood flow through the vasculature. Generally,
the cardiac resynchronization therapy percentage threshold
may be set to a value between 70 percent and 100 percent for
a given period of time. In one example, the cardiac resyn-
chronization therapy percentage threshold may be set to
approximately 90 percent for five of seven consecutive days.
Since the nighttime therapy percentage is less than 90
percent, critical indicator 140 is used to highlight therapy
percentage metric 164.

In other examples, a ventricular pacing percentage may be
monitored for patients receiving pacing therapy with dual or
single chamber pacing devices. Increased ventricular pacing
from single chamber cardiac resynchronization therapy
devices may increase the risk of heart failure in some
patients due to desynchronization of ventricular contractions
in the heart. Conversely, lower ventricular pacing in dual
chamber devices may increase the risk of heart failure in
some patients.

Further, shock metric 166 is labeled “Shocks™ and indi-
cates the number of electrical shock events, e.g., cardiover-
sion or defibrillation, endured by patient 14. As shown in
FIG. 7, patient 14 has not been subjected to any shock
therapy. Although the threshold may be set to a different
value, the electrical shock threshold may generally be set to
approximately 1 electrical shock.

Since each of patient metrics 154, 158, and 164 have
exceeded their respective metric-specific threshold, critical
indicator 140 is provided for each metric. In addition to, or
in place of] critical indicators 140, patient metrics may be
highlighted with a different text color, circles or boxes
surround each metric, or some other indication of the critical
level of each metric. In other examples, other patient metrics
may be presented in heart failure metrics 148, e.g., blood
pressure, blood glucose, lung volume, lung density, or
respiration rate, weight, sleep apnea burden derived from
respiration, temperature, ischemia burden, sensed cardiac
event intervals, and troponin and/or brain natriuretic peptide
(BNP) levels.

Although screen 148 may be a passively presented infor-
mational screen with diagnostic information, screen 148
may be interactive. The user may select areas of screen 148
to view more details about any of the presented patient
metrics, for example. The user may also move to different
time periods with timeline 150. Screen 130, in other
examples, may provide scroll bars, menus, and navigation
buttons to allow the user to view additional information,
adjust therapy, adjust metric parameters, or perform other
operations related to the treatment of patient 14 with the
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patient metrics and risk level. Further, the user may interact
with the graph of each patient metric to expand the graph
and view more details of the graph, perhaps even individual
values.

In other examples, diagnostic information may be pre-
sented one patient metric at a time or even raw data that IMD
16 uses to generate the patient metric. For example, during
a hospitalization period for patient 14, IMD 16 may transmit
the detected thoracic impedances to a remote computing
device of a clinician treating patient 14. IMD 16 may
transmit detected thoracic impedances at a predetermined
interval or in response to an interrogation request from the
clinician. The predetermined interval may be generally
between approximately one minute and four hours, but other
predetermined intervals may be used. The clinician may use
some or all of the diagnostic information to determine when
patient 14 has improved enough to be discharged from a
hospital setting, or whether patient 14 should be admitted to
the hospital due to heart failure.

Once the risk level is generated, processor 80 generates an
alert of the risk level and transmits the alert to the user via
telemetry module 88 (244). As described herein, the alert
may be transmitted on a schedule or as soon as communi-
cation is possible to another device or access point. In some
examples, the heart failure risk level may only be transmit-
ted when requested by a user. In some examples the alert
may also include more detailed information regarding the
patient metrics included in the risk level.

FIGS. 8-15 are directed to techniques that are able to more
realistically predict a patient’s prospective risk of HFH. By
determining a patient’s prospective HFH risk, medical per-
sonnel may intervene with the heart failure patient’s care to
avoid or reduce the chances of a patient experiencing HFH.
In order to predict a patient’s prospective risk of HFH, a
heart failure patients’ database is created and stored into
memory. The heart failure patients’ database is typically
based on real-time data stored in each patient’s IMD 16,
which is then transmitted and stored into an external
device’s 114 memory 119. Data (e.g. a HFH that occurs
during an evaluation period) is also acquired and stored into
memory 119 when a patient communicates with medical
personnel and/or the information accessed from the IMD 16.
Based upon the real-time data obtained from each heart
failure patient’s IMD 16 and whether or not the patient
experienced a HFH, a lookup table is formed and stored into
the database.

The flow diagram in FIG. 8 depicts an exemplary method
200 for creating a database in which data, acquired from
numerous heart failure patients, is stored into memory. To
better understand the manner in which the database is
created, a process description is presented in which data is
obtained from a single heart failure patient. The process in
FIG. 8 is repeatedly performed for each patient of the total
amount of patients for the database. Data is typically
acquired from the implantable medical device and/or
through communication between the patient and medical
personnel, all of which is transmitted and stored into the
database. For example, whether or not a patient experienced
HFH during an evaluation period is typically known since
the patient’s data records were stored into memory during
the hospitalization. Whether the HFH occurred at the begin-
ning or the end of the evaluation period is irrelevant to
predicting the prospective risk of HFH. The technique
described herein merely determines that a HFH occurred
sometime during the evaluation period.

Additionally, data, referred to as data observations, are
associated with diagnostic parameters that are measured via
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one or more IMD 16 sensors (e.g. electrodes, chemical
sensors, etc.) disposed in a patient’s body at block 202. A
sensor acquires data that is compared to a threshold by a
processor to determine whether a metric has been detected.
The detected data observation(s) are associated with a single
metric or multiple metrics. Detected data is automatically
stored into the memory of IMD 16. Referring to FIG. 9,
Table 1 presents exemplary diagnostic parameter data and
associated thresholds that may be used. Skilled artisans
appreciate that the thresholds in Table 1 are examples and
may be established for a group of heart failure patients or
can be customized for each patient by a user of method 200.

The left column of Table 1 provides IMD parameters and
associated representative trend while the right column pres-
ents an exemplary default threshold values that correspond
to each diagnostic metric. Each time a threshold for a
diagnostic threshold is crossed, data is automatically stored
into memory, which can be accessed by the processor to
generate IMD reports to be viewed by a physician via a GUI
or a printed IMD report.

Diagnostic metrics, typically indicative of worsening
heart failure, mortality risk and/or hospitalization risk,
include an (1) impedance trend index (also referred to as
OPTIVOL® commercially available in IMDs from
Medtronic Inc., located in MN), (2) intrathoracic impedance,
(3) atrial tachycardia/atrial fibrillation (AT/AF) burden, (4)
mean ventricular rate during AT/AF, (5) patient activity, (6)
Ventricular (V) rate, (7) day and night heart rate, (8) percent
CRT pacing, and/or (9) number of shocks. The OPTIVOL®
index is an indicator of the amount of fluid congestion
experienced by the patient. The OPTIVOL® index is the
difference between an impedance measured during real time
using IMD 16 and a reference impedance, that can be
continuously updated, established by the IMD 16 or during
another visit to the physician.

OPTIVOL® is described in greater detail with respect to
U.S. patent Ser. No. 10/727,008 filed on Dec. 3, 2003 issued
as U.S. Pat. No. 7,986,994, and assigned to the assignee of
the present invention, the disclosure of which is incorpo-
rated by reference in its entirety herein.

Table 1 further depicts an exemplary impedance signal
300 compared to a threshold 306 over a several month time
period (i.e. X-axis) with a Y-axis extending from 0 to 160
ohms-days. Impedance was measured intrathoracically
across the right ventricular (RV) coil and the IMD housing
or can. The OPTIVOL® threshold 302 can be set at 60
ohms-days; however, the threshold can be set at another
suitable value by the user. When the OPTIVOL® threshold
crosses the threshold value, it signals that the patients may
be at risk of congestion. The OPTIVOL® signal from the
patient appears to reach 160 ohms-days sometime in January
2009 as the reference impedance stays above the raw imped-
ance, and then drops below the threshold thereafter as raw
impedance goes higher than the reference impedance.

Impedance is yet another diagnostic parameter used to
predict HFH. Impedance, as a diagnostic parameter, is
measured against a baseline signal 306 as a threshold level.
Relative to the value of the baseline signal 306, an increase
in fluid volume and associated increase in wedge-pressure
correlates with a reduction in intrathoracic impedance. In
contrast, a decrease in fluid volume and associated decrease
in wedge-pressure correlates with an increase in intratho-
racic impedance relative to the baseline value.

Another exemplary diagnostic parameter relates to
AT/AF. Atrial fibrillation (AF) burden is measured as total
duration of fast atrial rate during a 24-hour period associated
with atrio-ventricular conduction ratio 2:1. Fast atrial rate is
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typically associated with rates 150 bpm or faster. About 60
bpm is normal for day-time and 40-50 for night-time while
70 bpm is typically associated only with children. Likewise,
if the patient has heart block then the atrial rate could beat
at, for example, 90 bpm while the RV and IV maintain a
normal rhythm at 60 bpm. Fast atrial rate can also be defined
as faster than the RV rate.

The AT/AF threshold indicates that a patient has AT/AF
for a continuous minimum amount of time. For example, the
AT/AF threshold is exceeded when a patient experierices
AT/AF for greater than 6 hours during a day.

Average ventricular rate during AT/AF (VRAF) threshold
is yet another diagnostic parameter that can be used to
predict whether a patient is experiencing worsening HF such
that the patient is subject to increased risk of HFH. VRAF
is typically measured during AF over a 24-hour time period.
The V rate can be defined as beats per minute (bpm) which
is the time from R-wave to R-wave. The V rate during
AT/AF threshold is designated as a time period in AT/AF is
greater than or equal to 6 hours and a mean V-rate greater
than 100 bpm.

Patient average activity is yet another useful diagnostic
parameter for predicting risk of HFH. Activity, a surrogate
of functional capacity, is a quantitative measure of active
duration during a pre-specified time period. Lower activity
(e.g. average activity for at least 1 week is less than 1 hour
per day) can signal compromised functional capacity. If the
patient average activity is less than one hour per day over a
week’s period, the patient is at increased risk of worsening
HF.

Yet another useful diagnostic parameter is V rate mea-
sured in beats per minute (bpm). V rate uses a threshold that
relies on night heart rate (NHR). NHR, a marker of auto-
nomic tone, can be associated with increased risk of HFH if
the NHR is elevated. NHR measures the average resting
heart rate between midnight and 4 AM. The threshold for
NHR is greater than 85 bpm for the most recent seven days
of data collection.

Heart rate variability (HRV), measured in milliseconds,
and elevated NHR can be used as markers of imbalance in
autonomic tone. HRV less than 50-60 ms is potentially a
marker of elevated sympathetic tone and/or imbalance in
sympathetic and parasympathetic tones. Still yet another
exemplary parameter threshold is the percent pacing in
which V pacing less than 90% since the last or previous
session which is only applicable to CRT pacing devices. V
pacing is the amount of ventricular pacing delivered. The
IMD also records other data such as percent CRT pacing
delivered during a day, number of VT episodes, and whether
the patient received a defibrillation shock.

At block 202, patient data is acquired and stored into
memory. For example, patient data can be transmitted and
stored into memory 119 of external device 114 via telemetry
from an IMD 16. The patient data, obtained from clinical
trials referred to as FAST and PARTNERS-HF, associates
data observations with any HFHs (i.e. 220 HFHs) that may
have occurred in a patient. FAST was a prospective double-
blinded observational study in patients (n=109) using
Medtronic CRT-D or ICD devices with EF=35% and NYHA
class III or IV. PARTNERS-HF was a prospective observa-
tional study enrolling patients (n=1024) with CRT-D devices
with EF<35%, NYHA class IIl or IV, and QRS duration
2130 ms.

Exemplary patient data used to create the database can be
shown by the set of timeline data obtained from patients 1,
2, and 3, depicted in FIG. 13A. Each patient timeline shows
data observations that occurred during first and second time
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periods (i.e. FU,, FU,, ) within a look back period. Patient
1 triggered data observations related to an activity threshold
(e.g. average activity for at least 1 week is less than 1 hour
per day) during FU .. A defibrillation shock was delivered to
the patient during FU,,, ;. Accordingly, both FU,, FU,,, , for
patient 1 would be classified as evaluation periods that
should be placed in the 1 data observation category. Patient
2 triggered data observations related to OPTIVOL® during
the first time period (i.e. FUx) while CRT, and NHR, were
triggered in the next or second time period (i.e. FUx+1).
Patient 3 triggered data observations related to CRT during
the first evaluation period, while OPTIVOL®, and activity
were triggered during the second evaluation period. Differ-
entiation is not made between type of data observation (e.g.
activity, NHR, shock, OPTIVOL®, CRT etc.); therefore,
any type of data observations triggered during an evaluation
window is counted.

Patient data, shown in the timelines of FIG. 13A, is
summarized in the columns (depicted in FIG. 13B) that
represent 0, 1, 2, and more than 2 data observations. For
example, column 1 represents the zero data observations
category from all patients. Each horizontal line in column 1
indicates the duration for which 0 observations occurred for
each evaluation period. An evaluation period or window is
placed or slotted into column 1 if a determination is made
that an evaluation window had zero data observations.
Column 1 also indicates that two of the ten evaluation
periods included a HFH. Accordingly, the HFH risk for the
zero observation category is 2/10 or 0.2, which is a 20% risk
of HFH.

Column 2 is associated with FUs in which one (1) data
observation has been triggered, column 3 is associated with
FUs in which two (2) data observations have been triggered,
and column 3 is associated with FUs in which three (3) data
observations have been triggered. HFH risk for each of the
observation categories can be computed by noting the pro-
portion of all evaluation windows that has an HFH.

After data is stored in the database, the computer system
defines a look back period as a set of evaluation time periods
at block 204 in FIG. 8. For example, the look back period for
a patient includes two consecutive evaluation periods—a
preceding evaluation period and a current evaluation period.
In one or more embodiments, each evaluation period
extends the same amount of time (e.g., 30 days, 45 days, 60
days, 75 days, 90 days etc.). In one or more other embodi-
ments, evaluation periods may extend a different amount of
time, which provides a variable look back period. For
example, one evaluation period can be 30 days while another
evaluation time period may be 35 days. The user of method
200 determines whether a variable or invariable evaluation
period is used during the look back period.

Each evaluation period is categorized by total amount of
data observations experienced by that patient during that
evaluation period at block 208. To categorize or classify the
evaluation period, data observations (e.g. 0, 1, 2, 3, etc.) are
counted at block 206. For example, if 0 data observations
exist during the evaluation period, the evaluation period is
designated as 0 data observations. A counter, associated with
the zero data observations category, is then incremented by
“1” to indicate that the evaluation period has been deter-
mined to have zero data observations. The zero data obser-
vations category counter continues to be incremented when
other evaluation periods have zero data observations.

During or after categorizing all of the evaluation periods,
each evaluation period, within a particular data observations
category, is then counted at block 210. After totaling evalu-
ation periods that are within a data observations category

20

25

30

40

45

60

65

30

(e.g. 0 data observations category, 1 data observations
category, 2 data observations category, 3 data observations
category etc.), the total amount is stored into the database.
Once all of the evaluations periods have been processed, the
counting process is then terminated.

At the same time or about the same time, a determination
is made as to whether a HFH had occurred for each
evaluation period experienced by a patient at block 212. If
a HFH was experienced by a patient during the current
evaluation period for a patient, a HFH counter for that
particular data observations category is incremented by “1.”
Additionally, the processor tracks the data observations
category for which the HFH and the time period in which the
HFH occurred.

The prospective risk of HFH is then estimated at 214 for
each data observation category. For example, the equation
for estimating HFH risk for each evaluation period, desig-
nated with 0, 1, 2, 3, or more data observations, is as follows:

Number of Risk Prediction windows with=1 HFH
Total number of Risk Assessment windows

or, stated in another way, as follows:
HFH risk=(HFHnext)/Nnext

where HFHnext is the total amount of HFH that occurred
during the current prediction period (shown as “HFH” in
FIG. 13B) for that particular data observations category
while Nnext represents the total number of evaluation win-
dows (also referred to as “risk assessment windows” or “risk
prediction windows™) that is associated with that particular
data observations category.

Thereafter at 216, a lookup table (FIG. 13C) is created
that associates total data observations during an evaluation
period with prospective risk of heart failure hospitalization
shown as a decimal or a percentage. After patient data from
all of the heart failure patients have been processed, the
database is deemed complete. Skilled artisans appreciate
that while the database may be considered complete, the
database can be configured to be updated to include addi-
tional patient data or diagnostic data from the device.

After the database has been completed, a patient’s pro-
spective risk of heart failure hospitalization can be estimated
using the lookup table stored into memory. For example,
method 400 shown in FIG. 14, shows prospective HFH risk
estimated for a patient. Patient data can be acquired through
an IMD 16 or other suitable means at block 402. At block
404, a look back period is established. A look back period is
comprised of a set of consecutive evaluation periods. The set
of evaluation periods includes a first evaluation period (also
known as a preceding evaluation period) and a second
evaluation period (also known as a current evaluation
period) etc.).

Data observations that occurred during the preceding
evaluation period are counted at 406 to determine a total
amount of data observations. Additionally, data observations
are counted for the current evaluation period to determine a
total amount of data observations. At block 408, each
evaluation period is categorized based upon the total data
observations. Using the total data observation category, the
lookup table is accessed by the processor. The processor
searches for the total observation category within the lookup
table at 410 and then determines the heart failure hospital-
ization risk associated with the total observations at 412. The
process of looking up each HFH risk from the look up table
is repeated for each evaluation period. In one or more



US 10,172,568 B2

31

embodiment, the HFH risk is determined for each evaluation
period by the processor search for the risk percentage shown
in the lookup table in FIG. 13.

In one or more embodiments, a prospective heart failure
hospitalization risk is determined by using weighting fac-
tors. For example, weighting factors can be used in which
the latter evaluation time period is weighted more heavily
than an earlier evaluation time period. For example, the
weighting factor for a latest occurring evaluation time period
(i.e. current evaluation period) ranges from O up to 0.9. A
weighting factor for an evaluation time period (i.e. preced-
ing evaluation period) ranges from 0 up to 0.5 compared to
the latter evaluation period (i.e. current evaluation period).
In one or more other embodiments, weighting factors can be
used to adjust for an evaluation period that extended for a
shorter period of time compared to another evaluation period
which was longer. For example, a short evaluation period
(e.g. extended a total of 30 days) could be multiplied by 0.50
(i.e. using a ratio equation, 30/60) of a long evaluation
period of 60 days). After determining the HF risk, a graphi-
cal user interface displays the patient’s prospective heart
failure hospitalization risk to the user.

Based upon the predicted HFH risk, a notification can be
automatically generated to the physician indicating that the
patient has a substantial risk of hospitalization and needs to
be evaluated. Notifying the physician to intervene can
prevent or reduce HFH, which can potentially improve
long-term patient outcome while reducing costs of care.
Additionally or alternatively, the physician can perform
additional clinical evaluation of the patient or the cardiac
therapy can be wirelessly adjusted. In an alternate embodi-
ment, the cardiac therapy is automatically adjusted based
upon pre-specified criteria determined at implant or during
a follow-up visit.

While determining the prospective HFH risk is important,
the manner of conveying information as efliciently as pos-
sible may save time for the physician. FIGS. 10, 12, and 15
are exemplary graphical user interfaces that can be displayed
to a user. FIG. 10 provides a graphical user interface that
includes a set of exemplary HFH risk assessments for a
single patient over a longer period of time. The set of
exemplary risk assessments are shown for each follow-up
visit (FU1-FU4) over a pre-specified time period (e.g. thirty
day period). A follow-up visit occurs at a single point in time
whereas a time period between two consecutive follow-up
visits is referred to as a risk evaluation window or as a risk
prediction window. Follow-up visit 1 (FU1) starts at time
zero and ends thirty days after the start time. Follow-up visit
2 (FU2) starts at the end of FU1 and ends thirty days
thereafter. Follow-up visit 3 (FU3) starts at the end of FU2
and extends thirty days after the start time of FU3. Follow-
up visit 4 (FU4) starts at the end of FU3 and extends thirty
days after the start time of FU4. The duration of the risk
assessment windows for each follow-up session are shown
by the horizontal length of each risk assessment shown in
FIG. 10.

The duration of the risk assessments for FU1 and FU2 is
about the same, as is depicted by horizontal lengths of each
risk assessment being about the same in length. The risk
assessment duration for FU4 is greater than FU1 and FU2,
while the FU3 risk assessment duration is substantially
greater than all risk assessments shown in FIG. 10. Prospec-
tive risk assessments for HFH are shown by arrows, pointed
from the end of each FU period to their respective start time,
to reflect that the risk assessment depends on retrospective
data. The retrospective data is the data observations from
that evaluation period. As previously stated, prospective
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HFH risk (ie. the next 30 days, etc.) requires that the
processor to look back to the evaluation period and deter-
mine the data observations experienced by the patient.

The look up table, stored in memory 119 of external
device 114, is accessed based upon the total data observa-
tions and then the prospective HFH risk is determined.

In an alternative embodiment, an evaluation is performed
of all triggered diagnostic data extending from time equal
zero (e.g. implant of the IMD). While all current and most
recent previous follow-ups start from time equals zero, each
FU time period ends at a different time. Under this scenario,
the risk prediction window extends from FU1 to FU2 which
is thirty days; the risk prediction window extends from FU2
to FU3 which is 60 days; the risk prediction window extends
from FU3 to FU4 which is 90 days, and the risk prediction
window extends from FU4 to another point in time which
may be 120 days. The embodiment that includes longer time
periods may provide trend data that extends for a greater
time period, which some physicians may consider to be
useful. In one or more embodiments, the physician can
switch between graphical user interfaces showing the most
recent data alone or data which provides longer trend
information.

One or more embodiments of FIG. 10 can be applied such
that, for example, the current evaluation period extends from
a time indicated by the arrow head of FU2 to the arrow head
of FU1. The preceding evaluation period extends from a
time indicated by the arrow head of FU1 to the start. In this
example (shown in FIG. 10 in bold and capitalized text), the
current and preceding evaluation periods are used to predict
the 30 day prospective risk immediately after the current
evaluation period.

FIG. 12 is yet another user interface displaying data
content to a user. The data content is parsed into device
events and heart failure related events. One user may be
more interested in device events while another user may be
more interested in the heart failure related events. The
device events can be accessed by clicking on the tab with
term “device events” displayed thereon. The device events
include, but are not limited to, VF therapies off, a capture
management warning, electrical reset, a warning about a
lead issue, recommended replacement time for the device, a
charge circuit warning, VF detection therapy off, active can
(or housing) off, VI/VF detection disabled, wireless telem-
etry not available, SVC lead not detected.

FIG. 15 is yet another user interface that provides alerts
when certain prescribed events occur relative to a patient.
User interface tabs are provided to allow the user to quickly
access the data of most concern to that user. The user
interface displays tabs relate to overview data, alert groups,
clinic management alerts (e.g. red, yellow and web-site only
alerts), and notification hours. Red alert means a very
important threshold has been crossed whereas a yellow alert
means the item is of concern.

On the left hand side of the user interface is a list of items
related to clinic management alerts. The list is parsed into
data observations and device items. The list of data obser-
vations includes AT/AF daily burden greater than threshold,
average ventricular rate during AT/AF, number of shocks
delivered in an episode, and all therapies in the zone
exhausted. Multiple clinical events include time in AT/AF
greater than or equal to a predetermined number of hours per
day, time in AT/AF greater than or equal to a predetermined
number of hours and mean V-rate greater than a prespecified
level for a least one day, NHR greater than 85 bpm for all or
most of 7 days, average activity for at least one week is less
than 1 hour per day, at least 1 VT/VF shock, VP less than
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90% since the last transmission (only visible for CRT
devices), a prespecified number of events occurred from the
list, and user selected number (1-6 items) of events occurred.
The user could enter a number (e.g. 1-6 items), as shown, or
a drop down menu can be used to have the user select a
number of items. The range of numbers provided reflects
how many events in the list have been checked by the user.

Skilled artisans would appreciate that any number of
boxes in FIG. 15 can be checked or unchecked to indicate an
event or alert has occurred. FIG. 15 illustrates only one
possible scenario. For example, unchecked events include
time in AT/AFz[x] hours for at least 1 day, and NHR >85
bpm for all of the most recent 7 days. Checked events
include time in AT/AF=X amount of pre-specified number of
hours] hours and Mean V-Rate >y amount of pre-specified
number of hours] for at least one day, average activity for at
least 1 week is <1 hour/day, at least one VI/VF shock, and
VP <90% since last transmission.

The device list includes lead/device integrity issues, VF
detection therapy off, low battery voltage warning indicating
a recommended replacement time for the device, excessive
charge time for end of service, right ventricular lead integ-
rity, right ventricular noise, atrial pacing impedance out of
range, and right ventricular pacing impedance out of range.

In order to avoid obscuring techniques of the invention,
details as to the database stored in memory 119 of external
device 114 is presented below. The HFH risk assessment
effectiveness data was established through the use of two
combined clinical studies referred to as FAST and PART-
NERS. Table 2, presented below, summarizes the patient
demographics for the 775 patients in FAST and PARTNERS
trials that were used for the present analysis. All patients had
CRT-D IMDs and the majority (87%) of the patients exhib-
ited heart failure status of NYHA III. Additionally, the
patients had similar characteristics of a patient population
receiving cardiac resynchronization therapy.

Table 2 summarizes patient demographics in which FAST
and PARTNERS-HF trials were combined for the present
analysis. The majority of patients were classified as NYHA
III with a mean age of 69. The majority of patients also
experienced a variety of diseases (e.g. ischemic, coronary
artery disease, hypertension, diabetes etc.) typically associ-
ated with HF patients and take a variety of medications (e.g.
ACE/ARB, beta-blockers, diuretics, digoxin, aldosterone
etc.)

Table 2 summarizes demographic characteristics’ of
patients

Demographic Total
characteristic (n=775)
Mean Age (SD) 69 (11)

Male Gender 524 (68%)

NYHA

I 9 (1%)
I 59 (8%)
i 674 (87%)
v 33 (4%)
Ischemic 485 (63%)
Coronary Artery Disease 524 (68%)

Myocardial Infarction
Hypertension
Diabetes

360 (46%)
552 (71%)
324 (42%)
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-continued

Total
(n =775)

Demographic
characteristic

History of AF
LVEF =35%
Baseline Medications

219 (28%)
676 (99%)

ACE/ARB 641 (83%)
Beta-Blockers 696 (90%)
Diuretics 642 (83%)
Digoxin 279 (36%)
Aldosterone 257 (33%)
AAD 138 (18%)
Warfarin 183 (24%)

Tables 3-7 summarize some of the data from the clinical
trials. Risk stratification is shown for 775 patients and 2276
follow-up sessions for numerous IMD parameters, exclud-
ing impedance (Table 3) as compared to data that includes
impedance (Table 4). Table 3 includes a number of data
observations (i.e. IMD observations), a number of patients
who attend follow-up visits to be evaluated by a physician,
a number of HFHs experienced, percentage of HFHs, GEE
adjusted HFHs (95% confidence level (CI)) and odds ratio
versus 0 observation (95% CI).

As is evident from Table 3, the rate of HFH increased with
increasing number of data observations. For example, when
no IMD observations were triggered, the 30-day event rate
was 0.9% and increased to 13.6% for three or more IMD
observations triggered. A vast majority (~71%) of the total
follow-up sessions had no IMD observation. Additionally,
the proportion of follow-up sessions with increasing obser-
vations monotonically decreased (23.5%, 4.3% and 1.3% for
1, 2 and observations, respectively).

Table 3 is performance of data observations excluding
OPTIVOL® in stratifying patients at the risk of heart failure
hospitalization (HFH).

Number of GEE Odds Ratio
Number of follow-ups adjusted versus 0
Device (Number of Number of HFHs (95%  observation
Observation(s) patients) HFHs (%) CI) (95% CI)
0 1614 (631) 14 (0.8%; 0.9% Reference
(0.5-1.6) group
1 535 (284) 17 (3.2%) 3.0% 3.6
(1.8-5.0) (1.6-7.8)
2 98 (71) 7(7.1%) 7.0% 8.3
(3.4-13.8) (3.3-22.3)
=3 29 (24) 4 (13.8%) 13.6% 17.9
(5.5-30.0) (5.6-57.2)

Univariate analysis for various parameters as a predictor
of HFH is shown in Table 4. Diagnostic parameter data that
was evaluated included activity, NHR, AF burden, VRAF,
decrease in CRT pacing, shock, and OPTIVOL®. Data
observations for each parameter are indicated to have
occurred with a “yes” denoted in a particular row, while a
lack of data observations are indicated by “no.” The number
of FUs, and HFHs that are associated with the data obsetr-
vations for a particular parameter is also provided. From the
tabulated data, data observations pose an increased risk of
HFH as opposed to lack of data observations. Additionally,
the tabulated data shows that HFH rate varies from 4.6% (for
decrease in CRT pacing) to 11.2% (for VRAF) for various
parameters. For activity, AF burden, and V-pacing that
triggered during a large proportion of follow-up sessions
(~10% or more) the event rate was 5.1%, 4.7% and 4.6%,
respectively.
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Table 4 univariate analysis and risk of various device
parameters for HFH

36

11B). Kaplan Meier curves for 0, 1, 2, and 2 data observa-
tions are shown from time 0 to 30 days along the X-axis and
HFH rate of hospitalizations from 0% to 13% along the
Y-axis after diagnostic evaluation for various number of data

Device Number of  Number of 5 observations. The increase in event rate with increasing
Observation Follow-ups ~ HFHs (%) GEE (95% CI) number of observation is evident in FIGS. 11A-11B.
Activity Tables 6 apd 7 show the sensitivity and specificity Qf
method 200 in predicting HFHs for the parameter set in
Yes 277 14 (5.1%) 5.1% (3.0-8.4) which OPTIVOL® is included or excluded from the data
98 (1.4%) o, - . .
E%R 1999 28 (1.4%) L4% (0920 15 observations ranging from 1, 2 and For the parameter set
—_— excluding OPTIVOL®, the sensitivity for observation was
Yes 28 2 (7.1%) 7.2% (2.2-21.7) 68.9% and decreased to 9.5% for observations. The corre-
No 2248 40 (1.8%) 1.8% (1.3-2.5) sponding specificity for observation was 71.2% and
/1;1; den increased to 98.8% for observations. Similarly, for the
15 scenario when OPTIVOL® was included, the sensitivity for
Yes 235 11 (4.7%) 4.7% (2.5-8.5) observations was 90.5% and decreased to 21.6% for obser-
No 2041 31 (1.5%) 1.5% (1.0-2.2) vations. The corresponding specificity increased from
VRAF 49.1% observations) to 97.4% (3 observations).
Yes 2% 3 (11.5%) 11.29% (3.8-28.5) OPTIVOL®. data inclu@ed.the relative increase in sensitivity
No 2250 39 (1.7%) 17% (1.224) 20 for observations was significant (21.6% vs. 9.5%; see the
Decrease in bottom most rows in Tables 5 and 6) compared to decrease
CRT Pacing in specificity (97.4% vs. 98.8%).
Yes 208 11 (4.8%) 4.6% (2.4-8.4)
No 2048 31 (1.5%) 1.5% (1.0-2.2) TABLE 6
Shock 25
Sensitivity versus specificity in a 30-day evaluation framework for 0,
Yes 26 2 (7.7%) 7.1% (1.5-27.3) 1,2 and 23 observations for the parameter set excluding OPTIVOL ®.
No 2250 40 (1.8%) 1.8% (1.3-2.5)
OPTIV Sensitivity Specificity
OL ®
30 No.of GEE GEE adjusted
Yes 783 28 (3.6%) 3.5% (2.4-5.2) Data adjusted ©95%
No 1493 14 (0.9%) 0.9% (0.6-1.6) observations  Unadjusted  (93% CI) Unadjusted ~ CI)
=1 28/42 68.9% 160012234 71.2%
Risk stratification performance of various parameters Observation(s) ~ (66.7%) (52.8-81.5)  (71.6%) (68.4-73.9)
: : : : >2 11142 27.0% 2118/2234  94.5%
mch'ldmg' OPTIVO'L® in 775 pe'me':nts and 2276 follow-up 35 Observations  (26.2%) (152433)  (94.8%) 93,1957
sessions is shown in Table 4. Similar to the parameter set =3 4/40 9.59% 22092234 98.8%
that excludes OPTIVOL®, the event rate of HFH increased Observations  (9.5%) (3.7-22.5)  (98.9%) (98.2-99.3)
with increasing number of observations. The event rate for
the scenario of no IMD observation was 0.4% and increased
to 13.6% for three of more observations. 40 TABLE 7
Follow-up sessions with zero IMD observations consti-
tuted the largest proportion (48.5%) of all follow-up sessions Sensitivity versus specificity in a 30-day evaluation
d the proportion declined with increasing number of IMD framework for 0, 1, 2 and 23 data observations for the
an p p g parameter set including OPTIVOL ®.
observations (36.4%, 12.2% and 2.9% for 1, 2 and 3
observations, respectively). In the univariate analysis, the 4 . o
OPTIVOL® index was found to have an HFH event rate of Hensitiviy Specificity
3.5% as shown in Table 4. GEE GEE
Table 5 is performance of data observations including No. of Data adjusted adjusted
OPTIVOL® in stratifying patients at the risk of heart failure ~ observations Unadjusted  (95% CI)  Unadjusted ~ (95% CI)
. . . 50
hospitalization (HFH). 21 38/4 90.5% 10992234 49.1%
Observation(s) 2 (90.5%)  (77.5-96.3)  (49.2%) (46.5-51.7)
=2 24/4 58.0% 1913/2234  85.5%
Relative Observations 2(57.1%)  (42.0-724)  (85.6%) (83.5-87.4)
Number of Number of follow- Number of GEE adjusted Risk 23 9/42 21.6% 21772234 97.4%
Device ups (Number of HFHs  HFHs versus 05 Observations (21.4% (11.2-37.6)  (974%) (96.5-98.1)
Observation(s) patients) (%) (95% CI) observation
0 1103 (554) 4 (0.4%) 0.4% Reference In addition, the look back period for assessing diagnostics
(0.1-1.0)  group was taken as the entire duration between the follow-up
1 828 (514) 14 (1.7%) 1.7% 4.6 iod . 1 1d clinical . The risk of
0.9-3.0) (1.4-14.5) periods to mirror real world clinical practice. The risk of an
2 279 (190) 15 (5.4%)  5.3% 14.9 " 60 HFH event with increasing number of IMD observations.
(3.1-8.8) (5.2-43.1) For example, a patient has 18 times to 42 times increased
=3 66 (50) 9 (13.6%) 13.6% 424 HFH risk when three or more data observations have
(71.2243)  (12.6-142.1)

FIGS. 11A-11B shows HFH event rate in the 30-days
post-evaluation for the IMD parameters excluding
OPTIVOL® (FIG. 11A) and including OPTIVOL® (FIG.

65

occurred during a FU time period compared to a patient with
no observation depending on whether the IMD parameter set
excludes or includes OPTIVOL® as indicated by Tables 2
and 4, respectively. The sensitivity and specificity for vary-
ing numbers of observations exhibits a trade-off between the
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two or more metrics such that as the specificity improves
with more stringent criterion of increasing numbers of
observations the sensitivity worsens. For example, sensitiv-
ity with greater than or equal to three IMD observations is
lower than =2 observations because a few hospitalizations
are not captured in greater than or equal to 3 IMD obser-
vations 1.e. they occur with lower number of IMD observa-
tions. Sensitivity and specificity for greater than or equal to
3 IMD observations without OPTIVOL® are 9.5% and
98.8%, respectively. For an IMD with OPTIVOL®, the
corresponding sensitivity improves substantially to 21.6%
while the specificity drops slightly to 97.4%.

Since IMD data is continuously or periodically collected,
HFH risk can be predicted in real-time while in an ambu-
latory setting. For example, the patient can be assessed in an
in-clinic setting. Alternatively, the IMD data can be trans-
mitted to the clinic either automatically when a specific alert
(e.g. Medtronic, Inc. CAREALERT® in CARELINK SYS-
TEM®) has occurred or can be transmitted by the patient on
a predetermined schedule chosen by the clinician. Thus, a
dynamic HF risk assessment can be made available to the
clinician that can then be used along with other clinical
information to manage patient’s HF.

Various IMD diagnostic parameters in the IMD are a
reflection of various underlying physiological processes.
Deviation of a given parameter beyond a certain range may
signal a compromise in physiological homeostasis and hence
be a marker of patient risk. For example, impedance is an
indicator of fluid status. A drop in impedance and accom-
panied rise in OPTIVOL® index is indicative of possible
fluid overload, while an excessive rise in impedance and
drop in OPTIVOL® index might signal dehydration. Simi-
larly, elevated NHR and abnormal HRV are potential mark-
ers of imbalance in autonomic tone, and lower activity can
signal compromised functional capacity. While each diag-
nostic parameter is a marker of risk, the prognostic value is
improved when diagnostic parameters are combined as
shown by comparing Table 3 to Tables 2 and 4.

One or more embodiments of the present disclosure
employ an incremental approach to predicting prospective
risk based solely on increasing number of observations such
as 0, 1, 2, =3 data observations). Additionally, while a
clinically relevant 30-day period is employed for HF risk
prediction, the look back period for evaluating IMD diag-
nostics differs in that all data is used between the previous
and current follow-up sessions for the same patient. In one
or more other embodiments, the look back period for evalu-
ating IMD diagnostic data differs in that all data is used
between the previous and current follow-up sessions for
similarly situated patients.

The present disclosure is advantageous to health care
provider since the present disclosure does not require modi-
fications to be implemented to the threshold values from
their default values. Implementing the present disclosure
without modifying diagnostic parameters eases implemen-
tation of HFH risk since the physician does not need to
modify the IMD threshold. Compared to the intrathoracic
impedance alone that is just one component among the set
of IMD diagnostic parameters, a scheme using multiple
diagnostic parameters improves overall diagnostic accuracy,
as shown in Tables 3 and 4. The present disclosure provides
dynamic and particularly sensitive HFH risk assessments for
ambulatory patients solely using existing data observations
parameters sensed through an IMD (CRT-D IMDs). Thresh-
olds for various parameters and corresponding IMD obser-
vations were unmodified from existing CRT-D IMDs.
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Since the present disclosure relies on presently existing
device diagnostics observations, it is unnecessary to modify
computer instructions or configuration of the IMD in order
to implement method 200. Moreover, data can be acquired
between two transmissions sent via telemetry from the IMD
to a physician, two in-clinic follow-up visits, or between a
transmission sent via telemetry from the IMD and an in-
clinic follow-up visit. Still yet another distinction is that
prospective HFH risk level is simply based on number of
data observations triggered. For example, one data param-
eter or diagnostic is not accorded greater weight from
another diagnostic. Each data parameter is weighted the
same as another data parameter. Accordingly, merely count-
ing the number of data observations during a shortened
evaluation time period (e.g. 30 days) is useful in order to
calculate the prospective HF risk.

Various examples have been described that include deter-
mining a patient’s prospective HFH risk using data solely
obtained from real-time data sensed using an IMD. These
examples include techniques for identifying patients with an
elevated risk of being re-hospitalized due to heart failure. In
addition, an alert of patient risk levels may be remotely
delivered to a healthcare professional from multiple different
patients for triage and earlier diagnosis and treatment of
heart failure before re-hospitalization. In one or more
embodiments, the prospective HFH risk can be calculated
for each shorter evaluation period in a set of shorter evalu-
ation periods. The prospective HFH risk by determining
whether a HFH event(s) occurred in the next 30 days
(HFHnext) divided by the total number of evaluations with
or without HFH events in next 30 days (Nnext). In yet
another embodiment, a method of operation of a medical
device system for determining prospective heart failure
hospitalization risk is disclosed such that the method
includes measuring one or more data observations via one or
more electrodes associated with an implanted medical
device disposed in a patient’s body, each data observation
associated with a diagnostic parameter. The detected data
observations is automatically stored into memory of the
IMD 16 of a patient. A look back period is defined to include
a preceding evaluation period and a current evaluation
period. Each data observation is counted in a preceding
evaluation period to determine a total number of data
observations over a pre-specified time. A determination is
made as to whether a heart failure hospitalization event
occurred in the current evaluation period. The heart failure
hospitalization event of the current evaluation period is
multiplied by the total number of data observations over a
pre-specified time period. The total number of evaluations in
the current evaluation period is determined. The total num-
ber of evaluations in the current evaluation period is divided
into the product for determining a prospective heart failure
hospitalization risk. Displayed on a graphical user interface
is an overall evaluation period that extends from a preset
start time and extends over the set of shorter evaluation
periods. The prospective heart failure hospitalization risk for
one shorter evaluation period is weighted differently from
another shorter evaluation period from the set of evaluation
periods. In one or more other embodiments, HFH risk is
calculated heart failure hospitalization (HFH) risk is calcu-
lated as a number of evaluations with a given number of data
observations in a preceding evaluation period and HFH (or
no HFH) event in next 30 days divided by a total number of
evaluations with HFH (without HFH) in next 30 days.

In one or more embodiments, the HF risk is computed
based upon total number of IMD data observations. The
HFH event rates and odds were estimated using a general-
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ized estimating equations (GEE) model for the groups with
different number of observations. For purposes of this pres-
ent disclosure, no adjustment was made for baseline vari-
ables (e.g. age, gender, NYHA, history of coronary artery
disease, MI, AF, diabetes, and hypertension) or baseline
medications (e.g. ACE-I/ARB, diuretics, p-blockers, and
anti-arrhythmic drugs).

The exemplary systems, methods, and interfaces
described herein may be configured to assist a user (e.g., a
physician, other medical personnel etc.) in predicting a
patient’s risk of HFH. The medical device system includes
an external device (e.g. server etc.) that is accessed when
predicting a patient’s risk of HFH. The external device has
a collection of heart failure patient-related data organized
and stored in memory for access through a processor.

In one or more embodiments, the prospective risk of HFH
is employed to switch from a pacing therapy delivered by an
implantable device to another pacing therapy. For example,
the pacing therapy can be switched between CRT and fusion
pacing. In one or more embodiments, the risk of prospective
HFH can cause the pacing therapy to be switched in one
chamber to multisite pacing as described in Provisional
Application No. 62/152,684 filed Apr. 25, 2015 entitled
METHOD FOR EFFICIENT DELIVERY OF MULTI-SITE
PACING and incorporated by reference in its entirety.

The following paragraphs enumerated consecutively from
1 through 21 provide for various aspects of the present
disclosure. In one embodiment in a first paragraph (1) the
present disclosure provides a method of operation of a
medical device system for determining prospective heart
failure hospitalization risk, the method comprising:

1. One or more method of operation of a medical device
system for determining prospective heart failure hospital-
ization risk, the method comprising:

(a) storing patients detected data observations into

memory;

(b) defining a set of evaluation periods in which the
detected data observations occurred;

(c) counting detected data observations of an evaluation
period from the set of evaluation periods to determine
a total amount of detected data observations for the
evaluation period;

(d) placing each evaluation period into a data observations
category in response to determining a total amount of
detected data observations;

(e) counting each evaluation period placed within the data
observations category to determine a total amount of
evaluation periods within the data observations cat-
egory;

(D counting heart failure hospitalizations (HFH) associ-
ated with the data observations category to determine a
total amount of HFH;

(g) determining a ratio of the total amount of HFH to the
total amount of evaluation periods within the data
observations category;

(h) storing into memory each ratio for each data obser-
vations category to form a lookup table;

(1) accessing from memory a heart failure patient’s current
and preceding evaluation periods;

(j) counting detected data observations in the current and
preceding evaluation periods;

(k) using the lookup table to determine prospective heart
failure hospitalization risk for the preceding evaluation
period and the current evaluation period,

(1) determining a weighted prospective risk of HFH by
multiplying a weighting factor with the prospective
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heart failure hospitalization risk for the preceding and
current evaluation period; and

(h) displaying on a graphical user interface the weighted

prospective risk of HFH.

2. A method of paragraph 1 further comprising:

selecting a weighting factor applied to be applied to the

preceding and the current evaluation periods.

3. A method of paragraph 1 or 2 wherein preceding
evaluation period being weighted differently than the current
period.

4. A method of any of paragraphs 1-3, a smaller weighting
factor applied to the preceding evaluation period and a larger
weighting factor being applied to the current evaluation
period.

5. A method of any of paragraphs 3-4 wherein a weighting
factor for a latest occurring evaluation time period is greater
than a weighting factor for an evaluation time period that
occurs earlier than the latest occurring evalvation time
period.

6. A method of paragraph 5 wherein the weighting factor
for the current evaluation period ranges from O up to 0.9.

7. A method of any of paragraphs 5-6 wherein a weighting
factor for the preceding evaluation period ranges from 0 up
to 0.5.

8. A method of any of paragraphs 1-7 wherein the heart
failure hospitalization risk is predicted for a prospective time
period of up to 30 days.

9. A method of any of paragraphs 1-8 wherein the
diagnostic parameter are one of an intrathoracic impedance,
a thoracic fluid index, an atrial fibrillation duration after
cardioversion therapy, a heart rate variability, an elevation of
ventricular rate during persistent atrial fibrillation, an eleva-
tion of night heart rate, and a cardiac resynchronization
therapy percentage.

10. Amethod of any of paragraphs 1-9 further comprising:

totaling data observations during one of a current and

preceding evaluation period,

generating a data diagram depicting gradations of heart

failure hospitalization risk; and

displaying the gradations of heart failure hospitalization

risk on a graphical user interface in response to totaling
number of data observations.

11. A method of any of paragraphs 1-10 wherein the heart
failure hospitalization risk can be determined without being
in direct contact with medical personnel.

12. A method of any of paragraphs 1-11 further compris-
ing:

transmitting the detected data over a wireless connection

to medical personnel.

13. A method of any of paragraphs 1-12, further compris-
ing:

comparing the heart failure hospitalization risk for a first

time period to another heart failure hospitalization risk
of a second time period; and

determining a trend of the heart failure hospitalization risk

in response to comparing the heart failure hospitaliza-
tion risk for the first and second time periods.

14. A method of any of paragraphs 1-13, wherein data
observations occur over two data transmissions sent via
telemetry.

15. A method of any of paragraphs 1-14, wherein data
observations occur over one data transmission sent via
telemetry and an in-clinic follow-up.

16. A method of any of paragraphs 1-15, defining a look
back period to include a preceding evaluation time period
and a current evaluation time period.
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17. A method of any of paragraphs 1-16, wherein the
current evaluation time period being one of a data transmis-
sion or a follow-up clinical visit that occurs immediately
after the preceding evaluation time period.

18. A method of any of paragraphs 15-17, wherein a
variable look back period is employed.

19. A method of any of paragraphs 15-18 wherein the
variable look back period has no set duration.

20. A method of any of paragraphs 1-19 wherein 3 or more
data observations provide from about 35 to about 45 times
increased risk of a heart failure hospitalization in a next
evaluation time period compared to patients with zero data
observations.

21. A method of any of paragraphs 1-20 wherein heart
failure hospitalization (HFH) risk for a given number of
observations is calculated as HFH event in next 30 days
divided by a total number of evaluations with or without
HFH (without HFH) in next 30 days.

22. A method of operation of a medical system for
determining prospective heart failure hospitalization risk,
the method comprising:

(a) acquiring from a device memory a heart failure

patient’s current and preceding evaluation periods;

(b) counting detected data observations in the current
evaluation period for a current evaluation total amount
and counting detected data observations in the preced-
ing evaluation period for a preceding evaluation period
total amount;

(¢c) associating the current evaluation and preceding
evaluation total amounts with a lookup table to acquire
prospective risk of heart failure hospitalization (HFH)
for the preceding evaluation period and the current
evaluation period;

(d) employing weighted sums of the prospective risk of
HFH for the preceding evaluation period and the cur-
rent evaluation period to calculate a weighted prospec-
tive risk of HFH for a patient; and

(e) displaying on a graphical user interface the weighted
prospective risk of HFH for the patient.

23. The method of paragraph 22 wherein the lookup table
comprises a set of data observations categories and for each
said category a stored ratio,

wherein each said data observations category defines a
total number of group data evaluation periods each
having a defined same number or falling within a same
range of numbers of data observations from a popula-
tion of patients therein, and

wherein the stored ratio for each said data observations
category comprises a ratio of heart failure hospitaliza-
tions associated with the said data observations cat-
egory to the total number of group evaluation periods
within the said data observation category.

24. The method of any of paragraphs 22-23 wherein an
implanted device is used to obtain the data observations
within one of the preceding evaluation period and the
current evaluation period.

25. The method of any of paragraphs 22-24 further
comprising:

using the prospective risk to modify therapy delivered by
an implantable device.

26. The method of any of paragraphs 22-25 further

comprising:

using the prospective risk to switch from a pacing therapy
delivered by an implantable device to another pacing
therapy.

27. The method of any of paragraphs 22-26 further

comprising:

15

20

25

35

40

45

50

55

60

42

wherein another pacing therapy being one of biventricular
pacing and fusion pacing.

28. The method of any of paragraphs 22-27 further

comprising:

using the prospective risk to modify therapy delivered by
administering an agent or adjusting an agent delivered
to a patient.

28. The method of any paragraph 28, wherein the agent is

a drug.

29. The method of any of paragraphs 22-28 further
comprising:

using the lookup table to prospectively evaluate patient
HFH risk based on observation category that is appli-
cable to one of the preceding evaluation period and the
current evaluation period.

30. A method of any of paragraphs 22-29 further com-

prising:

selecting a weighting factor to be applied to the preceding
and the current evaluation periods.

31. A method of claim 1 wherein the preceding evaluation

period being weighted differently than the current period.
32. A method of any of paragraphs 22-32, wherein a
smaller weighting factor being applied to the preceding
evaluation period and a larger weighting factor being
applied to the current evaluation period.
33. A method of any of paragraphs 22-33 wherein a
weighting factor for the current evaluation period ranges
from 0 up to 0.9.
34. A method of any of paragraphs 22-33 wherein a
weighting factor for the preceding evaluation period ranges
from 0 up to 0.5.
35. A method of any of paragraphs 22-34 wherein the
heart failure hospitalization risk is predicted for a prospec-
tive time period of up to 30 days.
36. A method of any of paragraphs 22-35 wherein the
detected data observations are one of an intrathoracic imped-
ance, a thoracic fluid index, an atrial fibrillation duration
after cardioversion therapy, a heart rate variability, an eleva-
tion of ventricular rate during persistent atrial fibrillation, an
elevation of night heart rate, and a cardiac resynchronization
therapy percentage.
37. A method of operation of a medical system for
determining prospective heart failure hospitalization (HFH)
risk, the method comprising:
(a) determining a number of an individual heart failure
patient’s detected data observations during an indi-
vidual evaluation period,
(b) employing a lookup table to determine prospective
heart failure hospitalization risk based upon the said
individual evaluation period; and
(c) displaying on a graphical user interface the prospec-
tive risk of HFH,
wherein the lookup table comprises a set of data
observations categories and for each said category a
stored ratio,

wherein each said data observations category defines a
total number of group data evaluation periods each
having a defined same number of data observations
from a population of patients therein; and

wherein the stored ratio for each said data observations
category comprises a ratio of heart failure hospital-
izations associated with the said data observations
category to the total number of group evaluation
periods within the said data observation category.

38. A medical system for determining prospective heart
failure hospitalization risk, the system comprising:
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(a) means for acquiring from a device memory a heart
failure patient’s current and preceding evaluation peti-
ods;

(b) means for counting detected data observations in the
current evaluation period for a current evaluation total
amount and counting detected data observations in the
preceding evaluation period for a preceding evaluation
period total amount;

(c) means for associating the current evaluation and
preceding evaluation total amounts with a lookup table
to acquire prospective risk of heart failure hospitaliza-
tion (HFH) for the preceding evaluation period and the
current evaluation period,;

(d) means for employing weighted sums of the prospec-
tive risk of HFH for the preceding evaluation period
and the current evaluation period to calculate a
weighted prospective risk of HFH for a patient; and

(e) displaying on a graphical user interface the weighted
prospective risk of HFH for the patient.

39. The system of paragraph 38 wherein the lookup table
comprises a set of data observations categories and for each
said category a stored ratio,

wherein each said data observations category defines a
total number of group data evaluation periods each
having a defined same number or falling within a same
range of numbers of data observations from a popula-
tion of patients therein, and

wherein the stored ratio for each said data observations
category comprises a ratio of heart failure hospitaliza-
tions associated with the said data observations cat-
egory to the total number of group evaluation periods
within the said data observation category.

40. The system of any of paragraphs 38-39 wherein an
implanted device is used to obtain the data observations
within one of the preceding evaluation period and the
current evaluation period.

41. The system of any of paragraphs 38-40 further com-
prising:

means for using the prospective risk to modify therapy
delivered by an implantable device.

42. The system of any of paragraphs 38-41 further com-

prising:

means for using the prospective risk to switch from a
pacing therapy delivered by an implantable device to
another pacing therapy.

43. The system of any of paragraphs 38-42 further com-

prising:

using the prospective risk to modify therapy delivered by
administering an agent or adjusting an agent delivered
to a patient.

44. The system of any of paragraphs 38-43 further com-

prising:

using the lookup table to prospectively evaluate patient
HFH risk based on observation category that is appli-
cable to one of the preceding evaluation period and the
current evaluation period.

45. A method of operation of a medical system for
determining prospective heart failure hospitalization risk,
the method comprising:

(a) acquiring from a device memory a heart failure
patient’s current and preceding risk assessment peri-
ods;

(b) counting detected data observations in the current risk
assessment period for a current risk assessment total
amount and counting detected data observations in the
preceding risk assessment period for a preceding risk
assessment period total amount;
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(c) associating the current risk assessment and preceding
risk assessment total amounts with a lookup table to
acquire prospective risk of heart failure hospitalization
(HFH) for the preceding risk assessment period and the
current risk assessment period,

(d) employing weighted sums of the prospective risk of
HFH for the preceding risk assessment period and the
current risk assessment period to calculate a weighted
prospective risk of HFH for a patient; and

(e) displaying on a graphical user interface the weighted
prospective risk of HFH for the patient.

The complete disclosures of the patents, patent docu-
ments, and publications cited herein are incorporated by
reference in their entirety as if each were individually
incorporated. Various modifications and alterations to this
invention will become apparent to those skilled in the art
without departing from the scope and spirit of this invention.
It should be understood that this invention is not intended to
be unduly limited by the illustrative embodiments and
examples set forth herein and that such examples and
embodiments are presented by way of example only with the
scope of the invention intended to be limited only by the
claims set forth herein as follows.

46. The method of paragraph 45 wherein prospective
HFH risk can be predicted in real-time while in an ambu-
latory setting.

The invention claimed is:

1. A method of operation of a medical system for deter-
mining prospective heart failure hospitalization risk, the
method comprising:

(a) acquiring from a device memory a heart failure
patient’s current evaluation period and a preceding
evaluation period;

(b) counting detected data observations in the current
evaluation period for a current evaluation total amount
and counting detected data observations in the preced-
ing evaluation period for a preceding evaluation period
total amount;

(c) associating the current evaluation and preceding
evaluation total amounts with a lookup table to acquire
prospective risk of heart failure hospitalization (HFH)
for the preceding evaluation period and the current
evaluation period;

(d) employing weighted sums of the prospective risk of
HFH for the preceding evaluation period and the cur-
rent evaluation period to calculate a weighted prospec-
tive risk of HFH for a patient;

(e) displaying on a graphical user interface the weighted
prospective risk of HFH for the patient;

(B) using the prospective risk to modify therapy delivered
by an implantable device; and

(g) delivering the modified therapy to the patient using the
implantable device.

2. The method of claim 1 wherein the lookup table
comprises a set of data observations categories and for each
said category a stored ratio, wherein each said data obser-
vations category defines a total number of group data
evaluation periods each having a defined same number or
falling within a same range of numbers of data observations
from a population of patients therein, and wherein the stored
ratio for each said data observations category comprises a
ratio of heart failure hospitalizations associated with the said
data observations category to the total number of group
evaluation periods within the said data observation category.
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3. The method of claim 1 wherein the implanted device is
used to obtain the data observations within one of the
preceding evaluation period and the current evaluation
period.

4. The method of claim 1 further comprising:

using the prospective risk to switch from a pacing therapy

delivered by the implantable device to another pacing
therapy.

5. The method of claim 4

wherein the another pacing therapy is one of biventricular

pacing, fusion pacing and multisite pacing during a
single cardiac cycle along a single chamber.

6. The method of claim 1 further comprising:

using the prospective risk to modify therapy delivered by

administering an agent or adjusting an agent delivered
to the patient.

7. The method of claim 6, wherein the agent is a drug.

8. The method of claim 1 further comprising:

using the lookup table to prospectively evaluate patient

HFH risk based on an observation category that is
applicable to one of the preceding evaluation period
and the current evaluation period.

9. The method of claim 1 further comprising:

selecting a weighting factor to be applied to the preceding

and the current evaluation periods.

10. The method of claim 1 wherein the preceding evalu-
ation period is weighted differently than the current period.

11. The method of claim 1, wherein a first weighting
factor is applied to the preceding evaluation period and a
second weighting factor larger than the first weighting factor
is applied to the current evaluation period.

12. The method of claim 1 wherein a weighting factor for
the current evaluation period ranges from 0 up to 0.9.

13. The method of claim 1 wherein a weighting factor for
the preceding evaluation period ranges from 0 up to 0.5.

14. The method of claim 1 wherein the heart failure
hospitalization risk is predicted for a prospective time period
of up to 30 days.

15. The method of claim 1 wherein the detected data
observations are one of an intrathoracic impedance, a tho-
racic fluid index, an atrial fibrillation duration after cardio-
version therapy, a heart rate variability, an elevation of
ventricular rate during persistent atrial fibrillation, an eleva-
tion of night heart rate, and a cardiac resynchronization
therapy percentage.

16. A medical system for determining prospective heart
failure hospitalization risk, the system comprising:

(a) means for acquiring from a device memory a heart

failure patient’s current evaluation period and a pre-
ceding evaluation period;
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(b) means for counting detected data observations in the
current evaluation period for a current evaluation total
amount and counting detected data observations in the
preceding evaluation period for a preceding evaluation
period total amount;

(c) means for associating the current evaluation and
preceding evaluation total amounts with a lookup table
to acquire prospective risk of heart failure hospitaliza-
tion (HFH) for the preceding evaluation period and the
current evaluation period,

(d) means for employing weighted sums of the prospec-
tive risk of HFH for the preceding evaluation period
and the current evaluation period to calculate a
weighted prospective risk of HFH for a patient;

(e) means for displaying on a graphical user interface the
weighted prospective risk of HFH for the patient;

(D modifying means for using the prospective risk to
modify therapy delivered by an implantable device; and

(g) an implantable device comprising means for deliver-
ing the modified therapy responsive to the modifying
means.

17. The system of claim 16 wherein the lookup table
comprises a set of data observations categories and for each
said category a stored ratio, wherein each said data obser-
vations category defines a total number of group data
evaluation periods each having a defined same number or
falling within a same range of numbers of data observations
from a population of patients therein, and wherein the stored
ratio for each said data observations category comprises a
ratio of heart failure hospitalizations associated with the said
data observations category to the total number of group
evaluation periods within the said data observation category.

18. The system of claim 16 wherein the implanted device
is used to obtain the data observations within one of the
preceding evaluation period and the current evaluation
period.

19. The system of claim 16 further comprising:

means for using the prospective risk to switch from a
pacing therapy delivered by the implantable device to
another pacing therapy.

20. The system of claim 16 further comprising:

means for using the prospective risk to modify therapy
delivered by administering an agent or adjusting an
agent delivered to the patient.

21. The system of claim 16 further comprising:

means for using the lookup table to prospectively evaluate
patient HFH risk based on observation category that is
applicable to one of the preceding evaluation period
and the current evaluation period.
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