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mining a point in time t1 of an initial positive deflection
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gram of a same heart cycle and determining a time dif-
ference between points in time t1 and t2 said time differ-
ence representing the ventricular activation time.
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Description

[0001] The presentinvention relates to an implantable
heart stimulator such as dual-chamber (RA-RV), three-
chamber (BiA-RV, or RA-BiV), or four-chamber (BiA-BiV)
implantable cardiac devices including pacemakers, de-
fibrillators and cardiovertors, which stimulate cardiac tis-
sue electrically to control the patient’s heart rhythm.
[0002] Itis an object of the invention to provide an ap-
paratus and a method for monitoring a progression of
ventricular conduction disorders such as the left bundle
branch block (LBBB) and the right bundle branch block
(RBBB).

[0003] There is no existing solution on continuous
monitoring the progression of LBBB/RBBB.

[0004] LBBB and RBBB are mainly diagnosed based
on examination of the QRS morphology in surface ECG.
[0005] Implantable pacemakers and defibrillators tra-
ditionally measures the conduction time from atrial event
(paced or sensed) to (sensed) ventricular event.

[0006] Continuous evaluation of QRS morphology for
monitoring the progression of LBBB/RBBB is technically
challenging, and there is no established method to quan-
tify the QRS morphology variation as an indicator of ven-
tricular conduction abnormality.

[0007] The atrium-ventricle conduction time measured
by implantable devices is the lumped sum of atrial con-
duction time, AV nodal conduction time, and the ventricu-
lar conduction time. Therefore, it is difficult to isolate the
ventricular conduction time and analyze its change over
time.

[0008] The object mentioned supra is achieved by an
apparatus and method for trending analysis of the ven-
tricular activation time as a means to monitor the pro-
gression of ventricular conduction diseases.

[0009] In particular, an implantable heart stimulator is
provided having a housing and electronic circuitry,
wherein the housing encloses the electronic circuitry and
has an at least partially electrically conducting outer sur-
face and wherein the electronic circuitry is connected or
can be connected to at least one electrode lead that car-
ries at least two electrodes. The electronic circuitry com-
prises a far-field electrogram recording unit that is elec-
trically connected or can be connected to said at least
partially electrically conducting outer surface and to first
one of said at least two electrodes. The electronic circuitry
further comprises a near-field electrogram recording unit
that is electrically connected or can be connected to at
least two electrodes carried by said electrode lead. The
electronic circuitry further comprises a ventricular activa-
tion time assessing unit that is operatively connected to
the far-field electrogram recording unit and the near-field
electrogram recording unit. The ventricular activation
time assessing unit is configured to determine a point in
time t1 of an initial positive deflection on a far-field elec-
trogram and a pointin time t2 of a first peak of the negative
deflection on a near-field electrogram of a same heart
cycle. The ventricular activation time assessing unit is
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further configured to determine a time difference between
points in time t1 and t2 wherein this time difference rep-
resents the ventricular activation time.

[0010] According to a further aspect, a method for as-
sessing a ventricular activation time is provided that com-
prises the steps of:

determining a point in time t1 of an initial positive
deflection on a far-field electrogram and a point in
time t2 of a first peak of the negative deflection on a
near-field electrogram of a same heart cycle and
determining a time difference between points in time
t1 and t2 wherein the time difference represents the
ventricular activation time.

[0011] The invention includes the recognition that the
ventricular activation time (VAT) can be derived from si-
multaneous recording of near-field and far-field ventricu-
lar electrogram. The VAT measures the time difference
from the onset of QRS complex in the far-field electro-
gram to the intrinsic deflection of the near-field electro-
gram. Prolonged VAT measured in the left ventricle may
reflect the progression of the left bundle branch block
(LBBB), and prolonged VAT measured in the right ven-
tricle may reflect the progression of the right bundle
branch block (RBBB). Trending analysis of VAT can thus
provide diagnosis of LBBB/RBBB and may predict the
imminent myocardial ischemia.

[0012] Regarding the implantable heart stimulator it is
preferred that the first electrode is a defibrillation elec-
trode. It is further preferred that the electrode lead is a
ventricular electrode lead. Preferably the near-field elec-
trogram recording unit is a ventricular sensing unit.
[0013] According to a preferred embodiment the heart
stimulator is configured to repeatedly measure the ven-
tricular activation time in a right ventricle and/or a left
ventricle after each ventricular sensed event.

[0014] Preferably, the heart stimulator is configured to
continuously measure the ventricular activation time pe-
riodically or at predefined time of the day when ventricular
senses are encouraged to occur. The occurrence of ven-
tricular senses corresponding to intrinsic (natural) con-
tractions of a ventricle can be promoted by prolonging a
corresponding ventricular escape interval that is timed
by then implantable heart stimulator if operated in a de-
mand mode where a ventricular stimulation pulse is trig-
gered at the end of a ventricular escape interval unless
a natural contraction of the ventricle (a ventricular sense
event) occurs prior to time out of the ventricular escape
interval.

[0015] The implantable heart stimulator preferably
comprises a device memory and is configured to store
measured ventricular activation times in the device mem-
ory in such way that they can be used for trending anal-
ysis.

[0016] Aventricularactivation time trend analyzing unit
can be provided that is at least indirectly connected to
said ventricular activation time assessing unit and that is
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adapted to analyze a trend in ventricular activation time
by comparing most recently measured ventricular acti-
vation time values with a moving average of the previ-
ously measured ventricular activation time values, and
totrigger a warning signal when anincrease in ventricular
activation time values is detected that exceeds a prede-
fined threshold.

[0017] Theimplantable heart stimulator preferably fur-
ther comprises a telemetry unit and is configured to trans-
mit stored ventricular activation time values and/or ven-
tricular activation time trend data to a remote service
center.

[0018] According to still another preferred embodi-
ment, the implantable heart stimulator is configured to
transmit ventricular activation time trend data at prede-
termined time of day or predetermined time interval.
[0019] Further, the implantable heart stimulator can be
configured to transmit ventricular activation time trend
data to a remote service center upon device detection of
sudden increase of ventricular activation time that ex-
ceeds a predefined threshold, which can be either an
absolute time interval or a percentage of a previous ven-
tricular activation time average.

[0020] Regarding the method, it is preferred that the
method includes repeated measurement of ventricular
activation time in a right ventricle and/or a left ventricle
after each ventricular sensed event.

[0021] Also, storing measured ventricular activation
time values in such way that they can be used for trending
analysis is preferred.

[0022] In particular, a method is preferred that com-
prises analyzing a trend in ventricular activation time by
comparing most recently measured ventricular activation
time values with a moving average of the previously
measured ventricular activation time values, and trigger-
ing a warning signal when an increase in ventricular ac-
tivation time values is detected that exceeds a predefined
threshold.

[0023] According to a further preferred embodiment,
the method comprises transmitting ventricular activation
time trend data to a remote service center upon detection
of sudden increase of ventricular activation time that ex-
ceeds a predefined threshold, wherein the predefined
threshold is either an absolute time interval or a percent-
age of previous ventricular activation time average.
[0024] The foregoing and other objectives, advantag-
es and novel features of the present invention can be
understood and appreciated by reference to the following
detailed description of the invention, taken in conjunction
the accompanying drawings, in which:

Fig. 1  isanoverview over a patient monitoring system
including an implantable heart stimulator;

Fig. 2 illustrates a heart stimulator connected to elec-
trode leads that are placed in a heart;

Fig. 3  depicts a schematic block diagram of some
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components of the heart stimulator of Fig. 1;

Fig. 4 isaschematicillustration of VAT measurement;
and

Fig. 5 is aschematicillustration of VAT trending anal-
ysis.

[0025] InFig. 1, a remote monitoring system including

an implantable heart stimulator 10, an external device 90
and a central data server 92 of a central service center
is displayed. Such system allows data communication
between the implantable heart stimulator 10 and central
server 92 via the external device 90. External device 90
is configured to communicate wirelessly with implantable
heart stimulator 10.

[0026] FromFig.2itisapparentthatstimulator 10 com-
prises a housing or case 12 and a header 14.

[0027] The heart stimulator 10 is connected to three
electrode leads, namely aright ventricular electrode lead
for 16, aright atrial electrode lead 18 and a left ventricular
electrode lead 20.

[0028] Fig. 2 and Fig. 3 illustrate the pacing system
thatincludes a heart stimulator and the connected leads.
The right atrial electrode lead 18 has a distal right atrial
tip electrode 26 (RA-tip) at the distal end of right atrial
electrode lead 18 and a proximal right atrial ring electrode
28 (RA-ring), as well as a superior vena cava coil elec-
trode 36 (SVC-coil) that has large surface area.

[0029] The right ventricular electrode lead 16 has a
distalright ventricular tip electrode 22 (RV-tip) at the distal
end of right ventricular electrode lead 16 and a proximal
right ventricular ring electrode 24 (RV-ring), as well as a
right ventricular defibrillation coil electrode 34 (RV-coil)
that has large surface area.

[0030] Similarly, the left ventricular (LV) lead has a dis-
tal left ventricular tip electrode 30 (LV-tip) and a proximal
left ventricular ring electrode 32 (LV-ring), as well as a
defibrillation coil electrode 38 (LV-coil) that has large sur-
face area. The left ventricular electrode lead 20 is de-
signed to pass trough the coronary sinus of heart 40. A
typical electrode suitable for use with heart stimulator 10
is the electrode lead Corox+ UP/BB by the applicant.
[0031] Each electrode and shock coil of electrode
leads 16 to 20 is separately connected to an electric cir-
cuit enclosed by case 12 of heart stimulator 10 by way
of electrical contacts of a plug (not shown) at the proximal
end of each electrode lead 16 to 20 and corresponding
contacts (not shown) in header 14 of heart stimulator 10.
[0032] Now refer to Fig. 3. SVC shock coil 36 is con-
nected to right atrial shock generator 68 that is controlled
by a control unit 54 of heart stimulator 10.

[0033] Similarly, right ventricular shock coil 34 is con-
nected to a right ventricular shock generator 52 that is
connected to control unit 54 and left ventricular shock
coil 38 is connected to a left ventricular shock generator
50 that is also connected to control unit 54.

[0034] Right atrial tip electrode 26 and right atrial ring
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electrode 28 are both connected to a right atrial stimula-
tion pulse generator 60 and a right atrial sensing stage
62 that internal both connected to control unit 54.
[0035] Right atrial stimulation pulse generator 60 is
adapted to generate atrial stimulation pulses of sufficient
strength to cause an excitation of atrial myocardium by
an electrical pulse delivered via right atrial tip electrode
26 and right atrial ring electrode 28. Preferably, means
are provided to adapt the right atrial stimulation pulse
strength to the stimulation threshold in the right atrium.
[0036] Right atrial sensing stage 58 is adapted to pick
up myocardial potentials indicating an intrinsic atrial ex-
citation that corresponds to a natural atrial contraction.
By way of right atrial sensing stage 58, it is possible to
stimulate the right atrium 44 of heart 40 in a demand
mode wherein a right atrial stimulation pulse is inhibited
if an intrinsic atrial event (intrinsic atrial excitation) is
sensed by right atrial sensing stage 58 prior to expiration
of an atrial escape interval.

[0037] In a similar manner, right ventricular ring elec-
trode 24 and right ventricular tip electrode 22 are con-
nected to right ventricular stimulation pulse generator 56
and to aright ventricular sensing stage 58 thatin turn are
connected to control unit 54. By way of right ventricular
tip electrode 22, right ventricular ring electrode 24, right
ventricular stimulation generator 56 and right ventricular
sensing stage 58, right ventricular stimulation pulses can
be delivered in a demand mode to the right ventricle 42
of heart 40.

[0038] Inthe same way left ventricular tip electrode 30
and left ventricular ring electrode 32 are connected to
the left ventricular stimulation pulse generator 64 and the
left ventricular sensing stage 66 that internal connected
to control unit 52 and that allow for stimulating a left ven-
tricle 46 of heart 40.

[0039] Triggering and inhibition of delivery of stimula-
tion pulses to the right atrium, the right ventricle or the
left ventricle is controlled by control unit 54, in a manner
known to the man skilled in the art. The timing that sched-
ules delivery of stimulation pulses if needed is controlled
by a number of intervals that at least partly may depend
on a hemodynamic demand of a patient that is sensed
by means of an activity sensor 72 that is connected to
control unit 54. Activity sensor 72 allows for rate adaptive
pacing wherein a pacing rate depends on a physiological
demand of a patient that is sensed by a way of activity
sensor 72. A clock 82 allows recording of events and
signals in association with time stamps that enable a syn-
chronous evaluation of signals at a later point of time.
[0040] For the purpose of composition of a far-field
right ventricular electrogram (RV EGM) and a far-field
left-ventricular electrogram (LV EGM) a far-field right
ventricular electrogram recording unit 74 and a far-field
left ventricular recording unit 76, respectively, are pro-
vided. The far-field right ventricular electrogram record-
ing unit 74 is connected to a case electrode that is formed
by at least an electrically conducting part of case 12 of
the heart stimulator 10 and to the RV coil electrode 34.

10

15

20

25

30

35

40

45

50

55

The far-field left ventricular recording unit 76 is also con-
nected to the case electrode formed by a case 12 of heart
stimulator 10 and to the left ventricular coil electrode 38.
[0041] The right ventricular sensing stage 58 for pick-
ing up near-field right ventricular electrogram and the far-
field right ventricular recording unit 74 are connected to
a right ventricular activation time assessing unit 96.
[0042] The left ventricular sensing stage 66 for gener-
ating near-field left ventricular electrogram signals and
the far-field left ventricular recording unit 76 for picking
up far-field left ventricular electrogram and generating
far-field left ventricular electrogram signals are connect-
ed to a left ventricular activation time assessing unit 98.
Left ventricular sensing stage 66 and left ventricular far-
field recording unit 76 are configured to feed near-field
left ventricular electrogram signals and far-field left ven-
tricular electrogram signals, respectively, to the left ven-
tricular activation time assessing unit 98.

[0043] The near-field electrogram in the right ventricle
42 is measured between the RV-tip electrode 22 and RV-
ring electrode 24. Preferably, the far-field electrogram in
the right ventricle 38 is measured between the RV-coil
electrode 34 and the device can 12. Alternatively, the far-
field electrogram in the right ventricle 38 can be meas-
ured between the RV-ring electrode 24 and the device
can 12.

[0044] Likewise, the near-field electrogram in the left
ventricle 48 is measured between the LV-tip electrode
30 and LV-ring electrode 32. Preferably, the far-field elec-
trogram in left ventricle is measured between the LV-coil
electrode 38 and the device can 12. Alternatively, the far-
field electrogram in the left ventricle 48 can be measured
between the LV-ring electrode 32 and the device can 12.
[0045] Preferably, the far-field electrogram in the right
ventricle and the left ventricle are minimally filtered and
have wide bandwidth, e.g., with lower corner frequency
4Hz and high corner frequency 128Hz, whereas the near-
field electrogram in the right ventricle and the left ventricle
are filtered with narrower bandwidth, e.g., with lower cor-
ner frequency 18Hz and high corner frequency 40Hz.
Accordingly, right and left far-field ventricular recording
units 74 and 76 comprise each a band pass filter with
lower corner frequency 4Hz and high corner frequency
128Hz. Right ventricular sensing stage 58 and left ven-
tricular sensing stage 66 for picking up near-field elec-
trogram in the right ventricle and the left ventricle each
comprise band pass filters with narrower bandwidth, e.g.,
with lower corner frequency 18Hz and high corner fre-
quency 40Hz.

[0046] Simultaneous unipolar (containing far-field sig-
nals) and bipolar electrogram (EGM) recordings from a
single electrode catheter has been used to assess the
prematurity of local activation during ablation of focal ar-
rhythmias (Delacretaz et al., PACE 2001; 24: 441-449).
Similar concept has been recently used to measure the
local activation time from EGM, which is used to explain
the success or failure of antitachycardia pacing in termi-
nation of ventricular tachycardia in some patients (Lim
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et al., PACE 2010; 33: 549-552).

[0047] The apparatus and method illustrated herein
use a similar concept for continuous measurement of
ventricular activation time (VAT). A trending analysis of
VAT allows chronic monitoring of LBBB/RBBB progres-
sion and aids clinical diagnosis and early intervention.
Accordingly, right and left ventricular activation time as-
sessing units 96 and 98 are configured to determine a
respective ventricular activationtime (RV VAT or LV VAT,
respectively) as pointed out hereinafter.

[0048] Fig. 4 illustrates the measurement of ventricular
activation time (VAT). The VAT in a ventricular chamber
can be determined after each intrinsic ventricular depo-
larization (i.e. ventricular sense), while atrial rhythm can
be either paced or sensed. The VAT in the right ventricle
is derived from simultaneous measurement of near-field
right ventricular electrogram and far-field right ventricular
electrogram, and the VAT in left ventricle is derived from
simultaneous measurement of near-field left ventricular
electrogram and far-field left ventricular electrogram. A
first peak of the negative deflection on the near-field elec-
trogram (t2) corresponds to a depolarization of the local
myocardial tissue surrounding the tip electrode. An initial
positive deflection on the far-field electrogram (t1) rep-
resents a far-field signal generated by the activation
wavefront moving toward the recording electrode. During
intrinsic ventricular conduction, this far-field activation
first appears after the conduction wave completes the
AV nodal conduction and enters the right and left bundle
branches. Therefore, the time difference between t1 and
t2 represents the time delay of ventricular conduction
from the distal end of AV junction to the recording ven-
tricular tip electrode. In other words, the VAT in the right
ventricle correlates with the right ventricular conduction
time, and the VAT in left ventricle correlates with the left
ventricular conduction time.

[0049] According to one typical embodiment, the VAT
is continuously measured in the right ventricle and/or the
left ventricle after each ventricular sensed event. In an-
other embodiment, the VAT can be measured periodi-
cally or at predefined time of the day when ventricular
senses are encouraged to occur (e.g. by temporarily pro-
longing the device AV delay). This latter application is
particularly useful for cardiac resynchronization therapy
(CRT) because its normal operation usually prefers con-
tinuous ventricular capture by ventricular paces.

[0050] Preferably, the device measured VAT is stored
in a device memory 80 and used for trending analysis.
The time resolution of VAT trend is preferably program-
mable by the user. For example, user could interrogate
the device using programmer and show the daily, or hour-
ly, or minute-by-minute VAT (averaged over the time in-
terval) in the right ventricle and/or the left ventricle.
[0051] Rightand leftventricularactivation time assess-
ing units 96 and 98 and/or memory 80 are connected to
a ventricular activation time trend analyzing unit 1000
that is adapted to analyze a trend in ventricular activation
time by comparing most recently measured ventricular
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activation time values with a moving average of the pre-
viously measured ventricular activation time values, and
totrigger a warning signal when anincrease in ventricular
activation time values is detected that exceeds a prede-
fined threshold.

[0052] Thetrend ofincreasing VAT inthe rightventricle
suggests the development or progression of RBBB, and
the trend of increasing VAT in the left ventricle suggests
the development or progression of LBBB. As well known
in the art, the trend of increasing VAT can be detected
by comparing the most recently measured VAT value
with the moving average of the previously measured VAT
values, and a warning signal is generated when the in-
crease in VAT exceeds a predefined threshold (either an
absolute time interval or a percentage of previous VAT
average).

[0053] Preferably, the device stored VAT trend data
are also transmitted to the remote service center 94 by
means of a telemetry unit 84 for trending analysis through
the wired or wireless Home Monitoring network. Accord-
ing to one embodiment, the transmission of VAT trend
datais programmed at predetermined time of day or pre-
determined time interval. According to another embodi-
ment, the VAT trend data are transmitted to the remote
service center upon device detection of sudden increase
of VAT that exceeds a predefined threshold, which can
be either an absolute time interval or a percentage of
previous VAT average.

[0054] As illustrated in Fig. 5, the abrupt increase of
VAT in a specific ventricle may suggest the sudden de-
velopment of ventricular bundle branch block, which of-
ten occurs as a result of exercise-induced myocardial
ischemia. Therefore, continuous monitoring of VAT com-
bined with real-time alarm for increasing VAT can also
provide a useful means for early detection of acute my-
ocardial infarction and facilitate early intervention.
[0055] Theapparatus andthe method disclosed herein
provide a novel device feature to continuously measure
the RV and LV conduction times, which could be used
forlong term monitoring of development and progression
of LBBB/RBBB.

[0056] The apparatus further provides a novel device
feature for real-time detection of ischemia-induced ven-
tricular conduction abnormality, thus offering a novel
means for early detection and prevention of myocardial
infarction.

Claims

1. An implantable heart stimulator having a housing
and electronic circuitry, wherein the housing enclos-
es said electronic circuitry and has an at least par-
tially electrically conducting outer surface and
wherein said electronic circuitry is connected or can
be connected to at least one electrode lead, said at
least one electrode lead carrying at least two elec-
trodes,
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wherein said electronic circuitry comprises a far-field
electrogram recording unit that is electrically con-
nected or can be connected to said at least partially
electrically conducting outer surface and to first one
of said at least two electrodes,

said electronic circuitry further comprises a near-
field electrogram recording unit that is electrically
connected or can be connected to at least two elec-
trodes carried by said electrode lead,

said electronic circuitry further comprises a ventricu-
lar activation time assessing unit that is operatively
connected to said far-field electrogram recording unit
and said near-field electrogram recording unit,

said ventricular activation time assessing unit being
configured to determine a point in time t1 of an initial
positive deflection on a far-field electrogram and a
point in time t2 of a first peak of the negative deflec-
tion on a near-field electrogram of a same heart cycle
said ventricular activation time assessing unit being
further configured to determine a time difference be-
tween points in time t1 and {2 said time difference
representing a ventricular activation time.

The implantable heart stimulator of claim 1, wherein
said first electrode is a defibrillation electrode.

The implantable heart stimulator according to claim
1, wherein said electrode lead is a ventricular elec-
trode lead.

The implantable heart stimulator of claim 1, wherein
said near-field electrogram recording unit is a ven-
tricular sensing unit.

The implantable heart stimulator of claim 1, said
heart stimulator being configured to continuously
measure the ventricular activation time in aright ven-
tricle and/or a left ventricle after each ventricular
sensed event.

The implantable heart stimulator of claim 1, said
heart stimulator being configured to continuously
measure the ventricular activation time periodically
or at predefined time of the day when ventricular
senses are encouraged to occur.

The implantable heart stimulator of claim 1 said heart
stimulator comprising a device memory and being
configured to store measured ventricular activation
times in a device memory in such way that they can
be used for trending analysis.

The implantable heart stimulator of claim 1 compris-
ing a ventricular activation time trend analyzing unit
thatis at least indirectly connected to said ventricular
activation time assessing unit and that is adapted to
analyze a trend in ventricular activation time by com-
paring most recently measured ventricular activation
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10.

1.

12

13.

14.

15.

time values with a moving average of the previously
measured ventricular activation time values, and to
trigger a warning signal when an increase in ven-
tricular activation time values is detected that ex-
ceeds a predefined threshold.

The implantable heart stimulator of claim 7 said heart
stimulator comprising a telemetry unitand being con-
figured to transmit stored ventricular activation time
values and/or ventricular activation time trend data
to a remote service center.

The implantable heart stimulator of claim 9 wherein
said implantable heart stimulator is configured to
transmit ventricular activation time trend data at pre-
determined time of day or predetermined time inter-
val.

The implantable heart stimulator of claim 9 wherein
said implantable heart stimulator is configured to
transmit ventricular activation time trend data to a
remote service center upon device detection of sud-
den increase of ventricular activation time that ex-
ceeds a predefined threshold, which can be either
an absolute time interval or a percentage of a previ-
ous ventricular activation time average.

A method for assessing a ventricular activation time
said method comprising the steps of:

determining a pointin time t1 of an initial positive
deflection on a far-field electrogram and a point
in time t2 of a first peak of the negative deflection
on anear-field electrogram of asame heartcycle
determining a time difference between points in
time t1 and t2 said time difference representing
the ventricular activation time.

The method of claim 12, said method including re-
peated measurement of ventricular activation time
in a right ventricle and/or a left ventricle activation
time after each ventricular sensed event.

The method of claim 12, said method comprising
storing measured ventricular activation time values
in such way that they can be used for trending anal-
ysis.

The method of claim 12, said method comprising an-
alyzing a trend in ventricular activation time by com-
paring most recently measured ventricular activation
time values with a moving average of the previously
measured ventricular activation time values, and
triggering a warning signal when an increase in ven-
tricular activation time values is detected that ex-
ceeds a predefined threshold.
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