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Description
BACKGROUND OF THE INVENTION

[0001] Use of implantable medical devices (IMDs) is
ubiquitous in treating cardiac diseases. These IMDs an-
alyze cardiac electrical activity of a patient to monitor and
assess their cardiac condition. For example, many pa-
tients who are at risk of cardiac ischemia have pacemak-
ers or implantable cardioverter/defibrillators (ICDs).
These IMDs sense the cardiac activity of the patient and
stimulate the patient’s heart by providing electrical pulses
to restore the heart rate to a normal rhythm. Oftentimes,
once the IMD detects an abnormal cardiac activity, the
IMD takes an action to correct the abnormal incident ei-
ther by sending pulses to the patient’s heart or alerting
a clinician or dispensing a drug if applicable.

[0002] Many of these devices analyze various charac-
teristics of electrocardiogram (ECG), such as the T wave
and ST segments. However, there exist certain draw-
backs when using these characteristics of ECG for mon-
itoring the overall cardiac condition of a patient. First,
such data acquired from an implantable device may not
be equivalent to data acquired using external ECG elec-
trodes (e.g., during "routine" cardiac stress testing or T
wave alternans testing). As such, clinical interpretation
based upon data acquired through an implantable device
may be misleading if such interpretation is referenced to
knowledge garnered from studies involving externally ac-
quired data (i.e. using surface ECG electrodes). For ex-
ample, 2 microvolts of T wave alternans obtained through
an internal device is, in fact, known to be not equivalent
to 2 microvolts of T wave alternans measured through
surface ECG electrodes. The amplitude of measured al-
ternans increases as one goes below the surface of the
skin to measure it. Moreover, internally acquired ECG
signals through an implantable device suffer from limita-
tions relating to the fact that the number of discrete ECG
vectors that can be used are severely limited in compar-
ison to measurement using external ECG electrodes.
This is an intrinsic limitation of every approach that seeks
to use internally measured ECG phenomenon (such as
T wave alternans and ischemia) as the principal method
of diagnosis. Since it is well known that such phenome-
non may be seen in one vector but not another, and since
the range of vector analysis through an internal device
is more limited than using the external electrodes in which
multiple vectors are used, diagnosis by external elec-
trodes (assuming equivalent sensitivity for each vector)
is preferred as it will result in less "under-detection".
Therefore, making a clinical diagnosis based on external
ECG measurement may reduce under-detection of car-
diac diseases. As shown, the implantable devices which
use internally detected ECG phenomenon (e.g. T wave
alternans and ST segment changes) as the principal
means for detecting clinically significant physiological
processes (e.g. ventricular arrhythmic substrate and car-
diacischemia) are intrinsically limited in that they: a) may
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under-detect the phenomenon or physiological process
of interest, b) may produce an output result that is mis-
leading because it is not equivalent to the same result
obtained using traditional ECG electrodes which clini-
cians are more familiar with and for which there is much
more clinical data to guide therapy.

[0003] Some implantable devices contain software
that detects heart rate (HR) and/or pathologic cardiac
rhythms (i.e. cardiac arrhythmias), and subsequently de-
livers this information to clinicians. However, while these
devices are able to detectand even treat these pathologic
heart rhythms, they do not guide the physician along a
clinical strategy for preventing these cardiac arrhythmias
in the first place-they are reactive rather than preventa-
tive. This latter fact exposes patients to greater risk than
a strategy that prevents arrhythmia (or ischemia) in the
first place. The fact that T wave alternans and cardiac
ischemia may both be heartrate dependantphenomenon
(i.e. become present at higher heart rates) makes heart
rate monitoring a useful approach to prevent and/or di-
agnose those conditions.

[0004] US 7,181,290 teaches an arrangement for pre-
dicting tachyarrhythmia, US 2004/0215265 teaches an
IMD thatcan sense and record information when a patient
is falling asleep or waking up.

SUMMARY OF THE INVENTION

[0005] There is a need for an effective approach that
bridges the limitations of internally measured ECG phe-
nomenon with the strength of conventional external ECG
testing, and applied in a manner that shifts the objectives
from diagnosis of abnormal phenomenon (T wave alter-
nans and ST segment depression) or physiology (ven-
tricular arrhythmic substrate and ischemia) to prevention
of these phenomenon and physiologic conditions. This
approach, emphasizing prevention, reduces the risk of
clinical complications and optimizes patient health and
safety in a manner that existing methods that emphasize
detection do not.

[0006] The invention provides an implantable system
as defined in claim 1.

[0007] The cardiac monitoring system described here-
in addresses various deficiencies in the prior art by, in
various embodiments, providing improved systems and
methods for identifying a safe heart rate zone and main-
taining the HR within the identified safe HR zone aided
by the IMD. In some embodiments, the processor wire-
lessly transmits to a clinician the patient’s heartrate when
the heart rate exceeds the safe heart rate zone. In some
embodiments, the processor alerts a clinician or patient
when drift occurs in the safe heart rate zone.

[0008] In some embodiments, the implantable system
includes a memory for storing the duration of time that
the patient has been outside the safe heart rate zone and
atransceiver for sending an alert to a patient or a clinician
and receiving information from the clinician. The received
information from the clinician includes information for re-



3 EP 2 222 223 B1 4

adjusting the patient’s safe heart rate zone.

[0009] Insome embodiments, the safe rate zone is de-
fined by a patient’'s heart rate above which the risk of
adverse cardiac condition clinically increases. In other
embodiments, the safe rate zone is defined by a patient’s
heart rate at above which abnormal changes to the ECG
occur.

[0010] Alsodescribed,is amethod of managing aheart
rate dependent medical condition including programming
a processor of an implantable medical device with a pa-
tient’s safe heart rate zone, sensing a patient’s heart rate
with the implantable medical device, comparing the pa-
tient’s heart rate to the safe heart rate zone and deter-
mining whether the patient’s heart rate has exceeded the
safe heart rate zone, and in response to determining that
the patient’s heart rate has exceeded the safe heart rate
zone, reprogramming the implantable medical device
with a new safe heart rate zone. In some embodiments,
the method includes transmitting to a remote terminal the
result of the comparison between the patient’s heart rate
and the safe heart rate zone or alerting a clinician when
the patient’s heart rate falls outside of the safe heart rate
zone. Inresponse to the alert, in some embodiments, the
method includes retesting the patient using a standard
technique for evaluating the overall cardiac condition of
the patient.

[0011] The standard technique may include a test us-
ing surface ECG electrodes. In some embodiments, the
method reprograms the safe heart rate zone only when
the surface ECG electrode test confirms that the patient
has significant T wave alternans within the current safe
heart rate zone. The method may also modify a medical
therapy to maintain the patient’s heart rate within the safe
heart rate zone.

[0012] For managing cardiac arrest, the method in-
cludes determining the increased risk of cardiac arrest
by observing daily heart rate in excess of the onset heart
rate for significant T wave alternans. The risk of cardiac
arrest is indicated by a decrease in the difference be-
tween the patient’s daily heart rate and a maximum neg-
ative heart rate. In some embodiments, the risk of cardiac
arrest is indicated by an overlap between daily heart rate
and a maximum negative heart rate.

[0013] For managing cardiac ischemia, the method in-
cludes an upper heart rate that defines the safe heart
rate zone by observing the heart rate at which clinical
ischemia develops during stress testing. The method al-
so includes modifying a medical therapy based on data
received from the implantable medical device to maintain
the patient’s heart rate within the safe heart rate zone.
In some embodiments, the method includes determining
increased amount of cardiac ischemia and the risk of
cardiac ischemia by observing increased heart rate ad-
justed T wave alternans.

[0014] Formanaging heartfailure, the methodincludes
determining potential progression of heart failure by ob-
serving increased heart rate adjusted T wave alternans.
The method may include alerting a clinician when the
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patient’s heart rate falls outside the safe heart rate zone.
[0015] Using the invention, the method for managing
a heart rate dependent medical condition includes deter-
mining a drift in the safe heart rate zone by observing
changes in a surrogate marker measured by the implant-
able medical device. For arrhythmias the surrogate mark-
er is implantable medical device measured T wave alter-
nans. For ischemia the surrogate marker is implantable
medical device measured ST segment deviation.
[0016] The methodsformanaging a heartrate depend-
ent medical condition includes displaying a risk burden
value of a patient by determining the proportion of time
that the patient’s heart rate is outside the safe heart rate
zone and plotting the risk burden value against time.
[0017] The method can be carried out by a computer
readable medium encoding instructions for a computer
including programming a processor of an implantable
medical device with a patient’s safe heartrate zone, sens-
ing a patient’s heart rate with the implantable medical
device, comparing the patient’s heart rate to the safe
heart rate zone and determining whether the patient’s
heart rate has exceeded the safe heart rate zone, and in
response to determining that the patient’s heart rate has
exceeded the safe heart rate zone, reprogramming the
implantable medical device with a new safe heart rate
zone. The computer readable medium may also include
instructions for alerting a clinician when the patient’s
heart rate falls outside of the safe heart rate zone. The
computer readable medium also includes instructions for
retesting the patient, in response to the alert, using a
surface ECG based test for evaluating the overall cardiac
condition of the patient, The computer readable medium
includes instructions for reprogramming the safe heart
rate zone only when the treadmill test confirms that the
patient has significant T-wave alternans within the cur-
rent safe heart rate zone. The computer readable medi-
um may also include modifying a medical therapy to
maintain the patient’s heart rate within the safe heartrate
zone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The following figures depict illustrative embod-
iments of the invention in which like reference numerals
refer to like elements. These depicted embodiments may
not be drawn to scale and are to be understood as illus-
trative of the invention and not as limiting.

Figure 1 is a diagram illustrating an embodiment of
an implantable medical device for identifying and
monitoring a safe heart rate zone.

Figure 2 is a flow chart describing an overview of the
operation of an embodiment of the present invention.
Figure 3 is a graphical depiction of a patient’s heart
rate having a heart rate threshold for T-wave alter-
nans.

Figure 4 is a graphical depiction of a patient’s heart
rate after modifying the drug therapy to lower the
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patient’s heart rate.

Figure 5 shows one embodiment of a graphical out-
put based on operation of the implantable medical
device.

[0019] Further features and advantages of the present
invention will be apparent from the following description
of exemplary embodiments and from the claims.

DESCRIPTION OF CERTAIN ILLUSTRATED EMBOD-
IMENTS

[0020] To provide an overall understanding of the in-
vention, certain illustrative embodiments will now be de-
scribed, including exemplary embodiments of a device
that is used in patient’s heart rate monitoring and man-
agement. The systems and methods described herein
may be adapted and modified for other suitable applica-
tions and that such other additions and modifications will
not depart from the scope hereof.

[0021] A device identifying a patient specific safe heart
rate zone and monitoring the patient’s heart rate (HR)
against the safe heart rate zone may allow a clinician to
titrate medical therapy under a continuous heart rate sur-
veillance to maintain HR within a specified safe HR zone.
[0022] Turning to the illustrative embodiments, FIG. 1
illustrates a diagram of an implantable medical device 10
for measuring and monitoring the patient’s HR. The proc-
essor 12 of the IMD 10 is programmable to set a patient’s
safe HR zone. The IMD 10 includes a sensor 11 for re-
ceiving and monitoring the patient’s heartrate and a proc-
essor 12 for comparing the patient’s daily HR to the de-
fined safe HR zone of the patient. In certain embodi-
ments, the IMD 10 may be a pacemaker, an implantable
loop recorder, or animplantable cardioverter-defibrillator
(ICD) including Bi-ventricular ICD.

[0023] Figure 1 shows the IMD 10 further including a
memory 14 connected to the processor 12 to store daily
heart rate related information and a transceiver 16 con-
nected to the processor 12 to send an alert orinformation
stored in the memory 14 to a clinician and to receive data
from a clinician. In one embodiment, the processor 12 is
programmed to alert the patient or the clinician when the
patient’'s HR deviates from the safe HR zone. Via the
transceiver 16, the IMD may be linked to a remote termi-
nal where information such as patient HR data may be
sent according to a specified schedule or upon the pa-
tient’s heart rate exceeding the safe zone. The IMD 10
may store heart rates that are within and outside the safe
HR zone. The IMD 10 may also be in communication with
a device that emits audible sounds or signals to alert the
patient or clinician if the HR exceeds the safe zone
threshold. In addition to alerting the patient or a clinician
when the patient’s heart rate exceeds the safe HR zone,
the processor 12 is also configured to reprogram a new
safe HR zone.

[0024] The processor 12 is configured to detect, based
on the internally recorded ECG data, whether the safe
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HR zone is shifting or has shifted. In response to detect-
ing such change in the safe HR zone, the processor 12
alerts the patient or the clinician. More specifically, the
IMD 10 may monitor for TWA or ST segment depression,
and if it notices a change in these findings the device
may send an alert to the patient or physician to prompt
evaluation and reprogramming of the safe HR zone. In
some embodiments, the safe HR zone is reprogrammed
after re-testing for TWA or ischemia using external ECG
electrode-based techniques (e.g. treadmill TWA or stress
testing). The IMD 10, after detecting a change in the safe
HR zone, automatically re-programs the safe HR zone
based upon information available through internally
measured data. For example, if the device detects TWA
at a HR at which previously no significant TWA was
measurable, it automatically adjusts the safe HR zone.
The adjusted safe HR zone excludes heart rates at which
the device measured significant levels of TWA. As noted
above, the changes in IMD measured TWA or ischemia
(through T wave and ST segment analysis) are merely
surrogate markers for the fact that the patient’s condition
has changed such that the safe HR zone may be different
and may need adjustment. Definitive diagnosis of the HR
threshold for TWA or ischemia still requires external test-
ing using external ECG electrodes-"gold standard" TWA
or stress testing. One aspect of the device is that it does
not require the IMD to be as sensitive or accurate for
detection of TWA or ischemia as gold standard tech-
niques, since it is only being used as a surrogate marker
for a change in clinical baseline, and not for definitive
diagnosis of TWA or ischemia. More detailed description
of the operation of the IMD is provided below.

[0025] As an example, a patient undergoes external
TWA testing and is found to have a significant TWA at
heart rate of 110 beats per minute (bpm). The upper HR
threshold of the safe HR zone is programmed to be equal
or approximately about 110bpm. In some embodiments,
IMD measured TWA is different from externally meas-
ured TWA. For the purposes of illustration, assume that
in this case the significant TWA is detected by the IMD
at HR greater than 140 bpm. Even though the IMD meas-
ured TWA is at 140 bpm, the IMD maintains the safe HR
zone atthe HR threshold determined by the gold standard
external testing (110bpm). However, upon further patient
follow up, if the IMD measures TWA occurring at HR
above 120bpm (a change from previously measured HR
of 140 bpm), the IMD determines that the patient’s con-
dition has changed and alerts a clinician for repeat testing
with external ECG electrode techniques. In this aspect,
the IMD measured TWA functions as an indicator to con-
firm whether there has been a change in clinical baseline.
Therefore, clinicians do not reset the upper boundary of
the safe HR zone to 120bpm (the HR at which we detect
TWA through the IMD) simply based on the new IMD
measured HR at which TWA occurs. In some embodi-
ments, the clinicians retest the patient using external
ECG electrodes. Based on the results obtained from the
external testing, if the clinician determines that the safe
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HR has indeed drifted and needs readjustment, the proc-
essor 12 may be programmed by the physician or tech-
nician via the transceiver 16. In certain embodiments the
device upon detecting a shift in the safe HR zone may
automatically adjust the safe HR zone as described
above.

[0026] A safe HRzone may be determined in a number
of different ways and the determination methods may
depend on the disease process one is attempting to min-
imize risk from. For example, in the case of cardiac arrest
and ventricular arrhythmias, a safe HR zone may be de-
termined through TWA testing. The presence and the
amount of TWA, which may increase the risk of cardiac
arrest, are also known to increase with rising heart rate.
Therefore, the heart rate above which the risk for cardiac
arrest increases may be determined by obtaining the
heart rate at which a patient begins to develop patholog-
ical TWA. By providing a system for monitoring and main-
taining a patient’'s HR below this critical level, the patient’s
risk for cardiac arrest may be minimized. By consistently
maintaining the heart rate below a critical level at which
physiological changes (TWA) occur that facilitate ven-
tricular arrhythmia and cardiac arrest, the IMD provides
an effective preventive care.

[0027] In certain embodiments, the safe HR zone is
defined by setting the HR at which a significant amount
of alternans appears (onset heart rate) as the upper limit
for the safe HR zone. If the patient's HR exceeds the
onset heart rate, the IMD 10 responds by taking one of
several actions depending on the IMD set-up, including:
a) recording HR data as outside the safe HR zone, and/or
b) emitting an audible alert for the patient to seek medical
attention, and/or c) automatically transmitting data to the
clinician.

[0028] Inoneimplementation, the IMD may reduce the
risk of cardiac arrest in patients without significant TWA.
More specifically, the maximum HR that the patient
achieves during the stress testing without the presence
of TWA is called the maximum negative HR. In other
words, there exist no significant TWA below the maxi-
mum negative HR but the presence of TWA above the
maximum negative HR is unknown. In such cases, the
maximum negative HR sets the upper limit of the safe
HR zone. The difference between the patient’'s maximum
daily heart rate and the maximum negative heartrate can
be tracked to monitor the likelihood of adverse clinical
outcome; the greater the difference between the maxi-
mum negative heartrate and the patient’'s maximum daily
heartrate, the less likely for the patient to develop cardiac
arrest.

[0029] The IMD may also be used for patients with ex-
ercise-induced ischemia. In one implementation, a safe
HR zone is determined by subjecting a patient to a car-
diac stress test and observing the heart rate at which
ischemia develops. ST segment abnormalities, ischemic
symptoms, or ischemic wall motion abnormalities may
indicate the development of ischemia. The heart rate at
which ischemia develops defines the upper limit of the
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safe zone within certain tolerance levels. Maintaining the
patient’s HR below this threshold level with medication
may prevent complications from ischemia, including an-
gina, arrhythmias, heart failure and infarction.

[0030] The system described herein relates to identi-
fying a safe HR zone and maintaining the HR within the
safe HR zone. However, the system may be applied to
any condition in which the risk of disease complication
occurs at higher heart rates. The system may provide
clinically useful information in guiding the patient therapy
if the threshold HR at which the risk manifests itself can
be determined.

[0031] It has been observed that ischemia can induce
measurable TWA. In certain embodiments, TWA meas-
urement is used to facilitate the diagnosis of ischemia.
Changes in ischemic burden may cause changes in
TWA, which in some cases may be more sensitive than
conventional ST segment monitoring, especially when
measured through an IMD. Generally, the amplitude of
TWA increases with increasing HR of any individual.
Therefore, comparing the TWA amplitude at various
times to determine increased risk of ischemia is of limited
value. Therefore, HR needs to be adjusted before deter-
mining whether there has been a change in the ischemic
threshold. In other words, HR adjusted TWA compares
the amount of TWA at a given HR as opposed to across
heart rates. Specifically, increased HR adjusted TWA
may indicate progressive coronary ischemia.

[0032] Itis also known that TWA at a cellular level is
related to calcium overload and mirrors many aspects of
the cellular physiology of heart failure. In some embodi-
ments, the HR adjusted TWA level may be used as an
indicator of the severity or progression of heart failure.
For example, if the HR adjusted TWA is increasing, this
may indicate progression of heart failure or volume over-
load. In some embodiments, the TWA level in a patient
with known heart failure is tracked to monitor heart failure
status and potentially detect heart failure exacerbations
earlier so that appropriate medication (e.g., diuretics) is
administered, resulting in a preventive drug therapy for
more effective management of adverse cardiac condi-
tions.

[0033] Turning to the operation of the IMD 10, Figure
2 is a flow chart illustrating an exemplary operation the
IMD 10. The IMD 10 runs continuously to monitor the
patient’s HR. Prior to operating the IMD, at step 19, the
processor 12 in the IMD 10 is programmed with the pa-
tient's safe HR zone. As the IMD 10 continuously receives
the heart rate of a patient (step 20), the processor 12
compares the received heart rate to the safe HR zone
defined. If the patient’s HR has exceeded the safe HR
zone (step 22), the processor sends a signal to the trans-
ceiver 16 to send an alert to a patient or a clinician (at
step 24). In some embodiments, using the transceiver
16, the clinician may reprogram a new HR zone by re-
programming the processor 12. In certain embodiments,
the processor 12 may send the result of the comparison
between the patient’s daily heart rate and the safe HR
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zone to the memory 14 of the IMD to be stored (step 23).
[0034] The process depicted in Figure 2 is also used
to determine if the safe HR zone has drifted. Rather than
simply comparing the patient’s HR to the safe HR zone,
the IMD 10 receives and evaluates a surrogate marker
of a certain cardiac condition. In the case of arrhythmias,
the surrogate marker may be the presence or the amount
of TWA. As the TWA data is received continuously in the
sensor 11, the processor 12 of the IMD 10 determines if
there has been a change in the TWA level. The trans-
ceiver 16 in communication with the processor 12 may
alert a patient or a clinician for potential repeat testing of
the safe HR zone. In the case of ischemia, ST segment
deviation may be the surrogate marker and the same
process may be applied to determine if the safe HR zone
has drifted in the patient. In some embodiments, these
surrogate markers are used to indicate whether there
has been a change in the patient’s safe HR zone and not
necessarily as definitive diagnosis for TWA or ischemia.
[0035] Some of the advantageous aspects of the de-
scribed method over the existing methods for managing
heart rate dependent medical conditions include the fol-
lowing without limitation: 1) identification of patient spe-
cific safe HR zones and ensuring thata patientlives within
the identified safe HR zone reduces risk for adverse clin-
ical events; 2) information provided by the IMD allows
clinicians to titrate medical therapy with greater accuracy,
specifically with respect to maintaining HR below the pre-
defined upper limits that may overlap with normal heart
rates that would otherwise not trigger device alerts, 3)
improvements on accuracy of risk assessment for ven-
tricular arrhythmias through determination of the propor-
tion of time a patient’s heart rate exceeds the safe HR
zone; in the case of an ICD treated patient, such infor-
mation could guide medical therapy to reduce the likeli-
hood of ICD shocks, 4) capability of the IMD to detect
drifts in the safe HR zone allows for early detection of
changing clinical substrate and need for clinical reeval-
uation and/or diagnostic testing.

[0036] Figure 3 is a graph illustrating a patient’s heart
rate plot with a safe heart rate zone defined by the heart
rate at which TWA occurs, also referred to as a TWA
threshold (labeled T in Figure 3). Figure 3 shows the re-
lationship between the percentage of total heart beats
with respect to heart rate. Risk for adverse cardiac con-
dition is quantified by the area under the curve H (Figure
3) to the right of the TWA threshold (defined by area A).
In some embodiments, area A may indicate the amount
oftime that the patient is under the risk of adverse cardiac
condition. Area B shows the safe HR zone for this par-
ticular patient. In some embodiments, a value of risk bur-
den, defined by the amount or proportion of time the pa-
tient’'s HR is above the prescribed safe HR zone, is cal-
culated by comparing the area A with respect to the total
area under the curve H. More specifically, the risk burden
is equal to Area A/ (Area A+ Area B) X 100%. In some
embodiments, the processor 12 analyzes the patient’s
heart rate data to compute the amount of time the patient
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heart rate spends outside the safe HR zone and sends
the data to a clinician via transceiver 16.

[0037] Based on the risk quantified by the IMD, a cli-
nician administers appropriate medication to lower the
HR so that the patient’s HR remains within the safety HR
zone. In some embodiments, the IMD and the methods
described herein may also provide a tool for assessing
the effectiveness of drug therapy. Figure 4 shows a plot
of the heart rate of the hypothetical patient depicted in
Figure 3 following administration of HR slowing medica-
tion. As shown, the proportion of the time that the patient’s
HR exceeds the safe zone is greatly reduced. In this re-
spect, the IMD uses TWA threshold and medical therapy
to monitor and prevent adverse cardiac condition as op-
posed to simply indicating whether the risk for adverse
cardiac condition exists or not. In some embodiments,
the processor 12 of the IMD 10 outputs the patient’s car-
diac condition graphically (e.g., plots shown in Figures 3
and 4).

[0038] Figure 5 shows one embodiment of a graphical
output based on operation of the IMD. More specifically,
Figure 5 shows the relationship between the risk burden
with respect to time. As noted above, the IMD 10 trans-
mits the patient’s heart rate information and the heart
rate threshold via transceiver 16 (Figure 1) to a remote
terminal (not shown). A clinician utilizes such data to as-
sess the patient’s current cardiac condition. The clinician
may include the patient’s plot in the patient’s overall med-
ical record. Following a subsequent visit to the clinician
or a drug therapy, the clinician requests to download the
heartrate related information from the IMD and compares
it against previously recorded HR data including the HR
data before the drug therapy. As an example, Figure 5
shows point R1 representing a risk burden value (e.g.,
10) at the initial clinical visit and point R2 representing a
risk burden value (e.g., 25) at a subsequent clinical visit.
As shown, the data uploaded from the IMD and the
processing of such data to compute and plot the risk bur-
den values overtime allows a clinician to see the patient’s
cardiac condition in snapshot-like manner. In some em-
bodiments, a chart as shown in Figure 5 may be used to
facilitate medical treatment to minimize heart rates out-
side the safe zone.

[0039] TheIMD and methods described herein provide
a prevention device against sudden death and heart at-
tack by monitoring and maintaining the patient’'s heart
rate within the safe HR zone. By preventing the heart
rate from rising to the range where adverse clinical out-
come is likely to occur, a clinician reduces the chance of
sudden death or heart attack more efficiently.

Claims

1. Animplantable system for monitoring a cardiac con-
dition of a patient, comprising:

a sensor (11) for receiving a patient’s heart rate,
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and at least one of T wave alternans or ST seg-
ment deviation.

aprocessor (12) coupled to the sensor, the proc-
essorbeing programmable to set a patient’s safe
heart rate zone and configured to determine
whether the patient’s heart rate has exceeded
the safe heart rate zone; and wherein the proc-
essor, in response to determining that the pa-
tient’s heart rate has exceeded the safe heart
rate one, determines whether there has been a
drift in the patient’'s safe heart rate zone; and
characterised in that the processor is config-
ured tomonitor changes in atleastone of T wave
alternans or ST segment deviation as an indica-
tion of a drift in the safe heart rate zone and to
reprogram the safe heart rate zone in response
to identified changes in said at least one of T
wave alternans or ST segment deviation.

The system of claim 1, further comprising:

memory (14) for storing the duration of time that
the patient’s heart rate has exceeded the safe
heart rate zone.

The system of claim 1, further comprising:

a transceiver (16), coupled to the processor, for
sending an alert in response to the identified
change and for receiving information from a cli-
nician.

The system of claim 3, wherein the received infor-
mation from the clinician includes information for re-
adjusting the safe heart rate zone, and wherein the
processor is configured to adjust the safe heart rate
zone based on the received information.

The system of claim 1, wherein the safe heart rate
zone is defined by a heart rate at above which the
risk of adverse cardiac condition clinically increases.

The system of claim 1, wherein the safe heart rate
zone is defined by a patient’s heart rate at above
which abnormal changes to an electrocardiogram
(ECG) occur.

The system of claim 1, wherein the processor auto-
matically reprograms the safe heart rate zone ifa T
wave altemans is detected at a heart rate within the
safe heart rate zone.

The system of claim 4, further comprising:

surface electrocardiogram (ECG) electrodes for
retesting a patient in response to the alert, the
retesting comprising evaluating the overall car-
diac condition of the patient.
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10.

The system of claim 9, wherein the safe heart zone
is reprogrammed if the retesting using the surface
ECG electrodes confirms the occurrence of T wave
alternans within the current safe heart rate zone.

The system of claim 9, wherein the safe heart zone
is reprogrammed if the retesting using the surface
ECG electrodes confirms that the patient has
ischemia.

Patentanspriiche

1.

Implantierbares System zur Uberwachung eines
Herzzustands eines Patienten, umfassend:

einen Sensor (11) zur Aufnahme der Herzfre-
quenz eines Patienten und zumindest eines von
einer T-Wellen-Alternanz oder einer ST-Seg-
ment-Abweichung,

einen Prozessor (12), der mit dem Sensor ge-
koppelt ist, wobei der Prozessor programmier-
bar ist, um einen sicheren Herzfrequenzbereich
des Patienten festzulegen, und konfiguriert ist,
um zu bestimmen, ob die Herzfrequenz des Pa-
tienten den sicheren Herzfrequenzbereich tGiber-
schritten hat, und wobei der Prozessor auf die
Bestimmung hin, dass die Herzfrequenz des Pa-
tienten den sicheren Herzfrequenzbereich Gber-
schritten hat, bestimmt, ob es eine Drift in dem
sicheren Herzfrequenzbereich des Patienten
gegeben hat, dadurch gekennzeichnet, dass
der Prozessor konfiguriert ist, um Anderungen
in zumindest einem von der T-Wellen-Alternanz
oder der ST-Segment-Abweichung als Anzeige
flr eine Drift in dem sicheren Herzfrequenzbe-
reich zu Giberwachen und umden sicheren Herz-
frequenzbereich auf identifizierte Anderungen
in dem zumindest einen von der T-Wellen-Alter-
nanz oder der ST-Segment-Abweichung hin
neu zu programmieren.

System nach Anspruch 1, ferner umfassend einen
Speicher (14) zum Speichern der Zeitdauer, die die
Herzfrequenz des Patienten den sicheren Herzfre-
quenzbereich Uberschritten hat.

System nach Anspruch 1, ferner umfassend einen
Sende-Empfanger (16), der mit dem Prozessor ge-
koppelt ist, um auf die identifizierte Anderung hin ei-
nen Alarm zu senden und um von einem Kliniker
eine Information zu empfangen.

System nach Anspruch 3, wobei die empfangene
Information von dem Klinker eine Information zum
Neueinstellen des sicheren Herzfrequenzbereichs
enthalt

und wobei der Prozessor konfiguriert ist, um den si-
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cheren Herzfrequenzbereich auf der Grundlage der
empfangenen Information einzustellen.

System nach Anspruch 1, wobei der sichere Herz-
frequenzbereich durch eine Herzfrequenz festgelegt
ist, oberhalb der das Risiko eines schadlichen Herz-
zustands klinisch zunimmt.

System nach Anspruch 1, wobei der sichere Herz-
frequenzbereich durch eine Herzfrequenz eines Pa-
tienten festgelegt ist, oberhalb der abnormale Ande-
rungen in einem Elektrokardiogramm (ECG) auftre-
ten.

System nach Anspruch 1, wobei der Prozessor den
sicheren Herzfrequenzbereich automatisch neu pro-
grammiert, falls eine T-Wellen-Alternanz bei einer
Herzfrequenzinnerhalb des sicheren Herzfrequenz-
bereichs detektiert wird.

System nach Anspruch 4, ferner umfassend Fla-
chen-Elektrokardiogramm-(ECG)-Elektroden zum
nochmaligen Untersuchen eines Patienten auf den
Alarm hin, wobei das nochmalige Untersuchen ein
Bewerten des Gesamt-Herzzustands des Patienten
umfasst.

System nach Anspruch 8, wobei der sichere Herz-
bereich neu programmiert wird, falls das nochmalige
Untersuchen unter Verwendung der Flachen-ECG-
Elektroden das Auftreten einer T-Wellen-Alternanz
innerhalb des gegenwartigen sicheren Herzfre-
quenzbereichs bestatigt.

System nach Anspruch 9, wobei der sichere Herz-
bereich neu programmiert wird, falls das nochmalige
Untersuchen unter Verwendung der Flachen-ECG-
Elektroden bestétigt, dass der Patient Ischamie hat.

Revendications

1.

Systeme implantable destiné a surveiller un état car-
diaque d’un patient, comportant :

un capteur (11) pour recevoir une fréquence car-
diaque du patient, et au moins un élément parmi
une alternance de I'onde T ou une déviation du
segment ST,

un processeur (12) couplé au capteur, le pro-
cesseur étant programmable pour définir une
zone de fréquence cardiaque sire du patient et
configuré pour déterminer si la fréquence car-
diaque du patient a dépassé la zone de fréquen-
ce cardiaque slre ; etdans lequel le processeur,
en réponse a la détermination que la fréquence
cardiaque du patient a dépassé la zone de fré-
quence cardiaque slre, détermine s’'ily aeuune
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dérive dans la zone de fréquence cardiaque si-
re du patient ; et caractérisé en ce que le pro-
cesseur est configuré pour surveiller des chan-
gements dans au moins un élément parmi une
alternance de I'onde T ou une déviation du seg-
ment ST comme une indication d’'une dérive
dans la zone de fréquence cardiaque sdre et
pour reprogrammer la zone de fréquence car-
diaque sdre en réponse a des changements
identifiés dans ledit au moins un élément parmi
une alternance de I'onde T ou une déviation du
segment ST.

Systéme selon la revendication 1, comportant en
outré une mémoire (14) pour mémoriser la durée
pendant laquelle la fréquence cardiaque du patient
a dépassé la zone de fréquence cardiaque sdre.

Systéme selon la revendication 1, comportant en
outré :

un émetteur-récepteur (16), couplé au proces-
seur, pour envoyer une alerte en réponse au
changement identifié et pour recevoir des infor-
mations en provenance d’'un clinicien.

Systéme selon la revendication 3, dans lequel les
informations regues du clinicien incluent des infor-
mations pour réajuster la zone de fréquence cardia-
que s(re, et dans lequel le processeur est configuré
pour ajuster la zone de fréquence cardiaque sire
sur la base des informations regues.

Systéme selon la revendication 1, dans lequel la zo-
ne de fréquence slre est définie par une fréquence
cardiaque au-dessus de laquelle le risque d’état car-
diaque défavorable augmente du point de vue clini-
que.

Systéme selon la revendication 1, dans lequel la zo-
ne de fréquence cardiaque slre est définie par une
fréquence cardiaque du patient au-dessus de laquel-
le des changements anormaux sur un électrocardio-
gramme (ECG) se produisent.

Systéme selon la revendication 1, dans lequel le pro-
cesseur reprogramme automatiquement la zone de
fréquence cardiaque sdre si une alternance de I'on-
de T est détectée a une fréquence cardiaque située
dans les limites de la zone de fréquence cardiaque
s(re.

Systéme selon la revendication 4, comportant en
outre :

des électrodes d’électrocardiogramme (ECG)
de surface pour retester un patient en réponse
a l'alerte, le renouvellement du test comportant
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I'évaluation de I'état cardiaque global du patient.

Systeme selon la revendication 8, dans lequel la zo-
ne de fréquence cardiaque slire est reprogrammeée
si le renouvellement du test en utilisant les électro-
des d’'ECG de surface confirme I'occurrence d’'une
alternance de I'onde T dans les limites de la zone
de fréquence cardiaque slre actuelle.

Systeme selon la revendication 9, dans lequel la zo-
ne de fréquence cardiaque slre est reprogrammeée
si le renouvellement du test en utilisant les électro-
des d’ECG de surface confirme que le patient a une
ischémie.
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