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Description

[0001] Various embodiments are directed toward a
system and method for determining an orientation of an
implantable monitoring device and automatically adjust-
ing a subcutaneous ECG signal based on the determined
orientation.

[0002] Implantable medical devices ("IMDs") are gen-
erally implanted subcutaneously, which may be at the
left chest of a patient. IMDs are typically equipped with
a first electrode located at one end of the IMD and a
second electrode located at an opposite end of the IMD.
The electrodes facilitate recordation of subcutaneous
electrocardiogram ("SECG") signals. The orientation of
an SECG signal, as displayed by a Holter monitor or sim-
ilar display, can depend on the orientation of the IMD
within the body of the patient. For example, if the first
electrode is oriented upwards in the body, the orientation
of the SECG signal display might match that of the ori-
entation of a traditional surface ECG signal display. Typ-
ically, traditional surface ECG signal displays are known
and are familiar to medical professionals reviewing such
signals. However, if the first electrode is oriented down-
wards in the body, the orientation of the SECG signal
displayed may be inverted (inverted with respect to a
SECG signal display obtained when the first electrode is
oriented upwards). It may be beneficial to always, or at
least have an option to, record and display the SECG
signal in an orientation that matches the traditional sur-
face ECG orientation, especially is the physician is una-
ware of the body orientation of the patient when reading
the signals.

[0003] The present invention is directed toward over-
coming one or more of the above-identified problems.
[0004] The presentinvention caninclude amethod and
a system for utilizing an accelerometer/motion sensor
("AM sensor") to ascertain the orientation of an implant-
able medical device, which can include, but is not limited
to, implantable cardiac pacemakers, implantable defibril-
lators, implantable nerve stimulators, diaphragm stimu-
lators, etc. A particular implantable medical device is an
implantable cardiac monitor ("ICM"). Further embodi-
ments can include adjusting the orientation of a subcu-
taneous electrocardiogram ("SECG") signal so as to
cause it to be displayed with a preferred orientation. To
accomplish this, the system can include a processor, a
display, an AM sensor, and an IMD. The method can
include using the AM senor to determine the orientation
of the IMD, which may further include tagging the gen-
erated SECG signal so as to identify whether the SECG
signal had been generated from an IMD with its first elec-
trode being superior or inferior relative to its second elec-
trode. Further embodiments can include automatically
adjusting the orientation of the generated SECG signal
to match that of a preferred orientation.

[0005] The utilization of the AM sensor within the IMD
can detect the orientation of such an IMD device, and
with that, the position of the first electrode relative to a
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second reference point of the IMD after it has been im-
planted. The AM sensor can be multi-axis accelerome-
ter/motion sensor used to determine such orientation.
Depending on the position of the first electrode relative
to the second referent point of the IMD (i.e., the orienta-
tion), the SECG signal can be automatically inverted to
allow the recording and display of the SECG in a way
that matches an orientation of a traditional surface ECG.
[0006] Exemplary embodiments may describe the im-
plantable medical device as an ICM; however, it should
be understood that any type of implantable medical de-
vice can be used without departing from the spirit and
scope of the present invention.

[0007] Inanexemplary embodiment, a method for de-
termining an orientation of implantable medical device
("IMD") after being implanted subcutaneously within a
patient to generate subcutaneous electrocardiogram
("SECG") signals, wherein the IMD comprises an at-
tached or incorporated acceleration/motion sensor ("AM
sensor"), may include: determining an orientation of the
IMD from the AM sensor measuring an elevation or an
altitude of at least one first reference point of the IMD
relative to an elevation or an altitude of at least one sec-
ond reference point of the IMD, wherein when the at least
one first reference pointis superior relative to the at least
one second reference point the IMD is in an up-orienta-
tion, and when the first reference point is inferior relative
to the second reference point the IMD is in a down-ori-
entation; tagging each SECG signal with the ascertained
up-orientation or down-orientation; determining a pre-
ferred orientation for displaying the SECG signals before
the SECG signals are displayed; converting at least one
SECG signal to generate a SECG display signal having
the preferred orientation; and, displaying the SECG dis-
play signal having the preferred orientation. The IMD can
further include a first electrode and a second electrode.
The first electrode may be located at an end of the IMD
that is an opposite end at which the second electrode is
located. The at least one first reference point may be
associated with the first electrode and the at least one
second reference point may be associated with the sec-
ond electrode. The AM sensor may be a three-axis ac-
celeration/motion sensor. The step of converting the at
least one SECG signal to generate the SECG display
signal having the preferred orientation can include an
inversion function performed on the SECG signal. The
method can further include use of at least one of an in-
clinometer and a gyroscope for the determining the ori-
entation of the IMD. In some embodiments, the IMD is
an implantable cardiac monitor ("ICM").

[0008] In another exemplary embodiment, a method
for determining an orientation of an implantable medical
device ("IMD") after being implanted subcutaneously
within a patient to generate subcutaneous electrocardi-
ogram ("SECG") signals, wherein the IMD comprising an
attached or incorporated acceleration/motion sensor
("AM sensor"), can include: operatively associating a
processor and a non-transitory memory with the AM sen-
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sor and a display; determining an orientation of the IMD
fromthe AM sensor measuring an elevation or an altitude
of at least one first reference point of the IMD relative to
an elevation or an altitude of at least one second refer-
ence point of the IMD, wherein when the at least one first
reference point is superior relative to the at least one
second reference point the IMD is in an up-orientation,
and when the first reference point is inferior relative to
the second reference point the IMD is in a down-orien-
tation; tagging each SECG signal with the ascertained
up-orientation or down-orientation; determining a pre-
ferred orientation for displaying the SECG signals before
the SECG signals are displayed; converting at least one
SECG signal to generate a SECG display signal having
the preferred orientation; and, displaying the SECG dis-
play signal having the preferred orientation. The method
can further include associating the up-orientation with a
first proxy value and the down-orientation with a second
proxy value. The method can further include identifying
each up-orientation generated SECG signal as a SECG-
1 signal and identifying each down-orientation generated
SECG signal as a SECG-2 signal. The step of converting
the at least one SECG signal may further include con-
verting at least one of each SECG-1 signal and SECG-
2 signal to generate the SECG display signals having the
preferred orientation. The step of displaying the SECG
display signal can further include sending the SECG dis-
play signal to the display. The IMD may have a first elec-
trode and a second electrode. The first electrode may be
located at an end of the IMD that is an opposite end at
which the second electrode is located. The at least one
first reference point may be associated with the first elec-
trode and the at least one second reference point may
be associated with the second electrode. The AM sensor
may be a three-axis acceleration/motion sensor. The
converting the at least one SECG signal to generate the
SECG display signal having the preferred orientation can
further include an inversion function performed on the
SECG signal. The method can further include use of at
least one of an inclinometer and a gyroscope for the de-
termining the orientation of the IMD. In some embodi-
ments, the IMD is an implantable cardiac monitor ("ICM").
[0009] In another exemplary embodiment, a method
for determining an orientation of an implantable medical
device ("IMD") after being implanted subcutaneously
within a patient to generate subcutaneous electrocardi-
ogram ("SECG") signals, wherein the IMD has an at-
tached or incorporated acceleration/motion sensor ("AM
sensor"), afirstelectrode and a second electrode, where-
in the first electrode is located at an end of the IMD that
is an opposite end at which the second electrode is lo-
cated; wherein the AM sensor is a three-axis accelera-
tion/motion sensor capable of communicating with a
processor in operative association with a non-transitory
memory and a display, the processor programmed to
cause the display to display subcutaneous electrocardi-
ogram ("SECG") signals; the method can include deter-
mining an orientation of the IMD from the AM sensor
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measuring an elevation or an altitude of the first electrode
relative to an elevation or an altitude of the second elec-
trode, wherein when the first electrode is superiorrelative
to the second electrode the IMD is in an up-orientation
and when the first electrode is inferior relative to the sec-
ond electrode the IMD is in a down-orientation; tagging
each SECG signal with the ascertained up-orientation or
down-orientation; determining a preferred orientation for
displaying the SECG signals before the SECG signals
are displayed; converting at least one SECG signal to
generate a SECG display signal having the preferred ori-
entation; and, displaying the SECG display signal having
the preferred orientation. The method can further include
use of at least one of an inclinometer and a gyroscope
for the determining the orientation of the IMD. In some
embodiments, the IMD is an implantable cardiac monitor
("ICM").

[0010] While these potential advantages are made
possible by technical solutions offered herein, they are
not required to be achieved. The presently disclosed sys-
tem and method can be implemented to achieve techni-
cal advantages, whether or not these potential advan-
tages, individually or in combination, are sought or
achieved.

[0011] Furtherfeatures, aspects, objects, advantages,
and possible applications of the present invention will
become apparent from a study of the exemplary embod-
iments and examples described below, in combination
with the Figures, and the appended claims.

[0012] The above and otherobjects, aspects, features,
advantages and possible applications of the present in-
vention will be more apparent from the following more
particular description thereof, presented in conjunction
with the following Figures, in which:

FIG. 1 shows the system being used in accord-
ance with an embodiment of the method
to generate SECG signals in a preferred
orientation via a display.

FIGS 2A-2B  show various orientations of the IMD that
can be detected with an embodiment of
the method, where FIG. 2A shows the
IMD with the first electrode in a superior
position relative to the second electrode,
FIG. 2B shows the first electrode in a su-
perior position relative to the second
electrode but the IMD is seen as being
tilted, and FIG. 2C shows the first elec-
trode in an inferior position relative to the
second electrode.

[0013] The following description is of an embodi-
ment(s) presently contemplated for carrying out the
present invention. This description is not to be taken in
a limiting sense, but is made merely for the purpose of
describing the general principles and features of the
present invention. The scope of the present invention
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should be determined with reference to the claims.
[0014] Thepresentinvention caninclude amethod and
a system for utilizing an accelerometer/motion sensor
("AM sensor") to ascertain the orientation of an implant-
able medical device ("IMD"), which may include an im-
plantable cardiac monitor ("ICM"). Further embodiments
can include adjusting the orientation of a subcutaneous
electrocardiogram ("SECG") signal so as to cause it to
be displayed with a preferred orientation.

[0015] Referring to FIG. 1, the system 1 can include a
processor 2, a display 4, an AM sensor 6, and an IMD 8.
The method can include using the AM senor 6 to deter-
mine the orientation of the IMD 8. The method can further
include tagging the generated SECG signal so as to iden-
tify whether the SECG signal had been generated from
an IMD 8 with its first electrode 10 being superior or in-
ferior relative to its second electrode 12. The method can
further include automatically adjusting the orientation of
the generated SECG signal to match that of a preferred
orientation.

[0016] The IMD 8 can include a first electrode 10 po-
sitioned at afirst end of the IMD 8 and a second electrode
12 positioned at a second end of the IMD 8. The elec-
trodes 10, 12 may facilitate recordation of subcutaneous
electrocardiogram ("SECG") signals. As noted above,
the orientation of an SECG signal, as displayed by a Hol-
ter monitor or similar display 4, can depend on an orien-
tation of the IMD 8. For example, if the first electrode 10
is at a higher elevation or altitude relative to the second
electrode 12, then the SECG signal generated from the
IMD 8 will be displayed in a first orientation to generate
afirst signal SECG-1. If the first electrode 10 is at a lower
elevation or altitude relative to the second electrode, the
SECG signal generated from the IMD 8 will be displayed
in a second orientation to generate a second signal
SECG-2. SECG-2 may a reciprocal image, an inverted
image, mirror image, etc. of SECG-1.

[0017] Thus, based onthe procedure used forimplant-
ing the IMD 8 and the orientation of the IMD 8, the re-
sulting SECG signal may be inverted with respect to a
traditional surface ECG signal. For example, a traditional
ECG signal may match the orientation of that of SECG-
1, and thus SECG-2 may have an orientation that is in-
verted with respect to the orientation of the traditional
ECG signal. Typically, the implantation procedure of the
IMD 8 is based on the preference of the implanting phy-
sician. Some physicians perform an incision at an inferior
part of the left chest and implant/insert the IMD 8 in a
superior direction or orientation, whereas others create
a higher incision and insert the IMD 8 in an inferior direc-
tion or orientation. Based on the procedure and the ori-
entation of the IMD 8, the first electrode 10 may be su-
perior or inferior relative to the second electrode 12,
thereby causing the inverting differential of the resulting
SECG signals described above. Upon analyzing the
SECG signals after implantation of the IMD 8, it may be
beneficial for a physician to have the SECG signal dis-
played in a preferred orientation. This preferred orienta-
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tion may be the same orientation exhibited by traditional
surface ECG signals. Otherwise, the physician may be
forced to realize that the SECG signal is inverted and
adjust his knowledge and interpreting skills accordingly
for correct analysis and/or interpretation of the SECG
signal. Thus, it may be beneficial to always, or at least
have an option to, record and display the SECG in an
orientation that matches the orientation of a traditional
surface ECG.

[0018] The AM sensor6 may be a multi-axis AM sensor
6. For example, the AM sensor 6 can include a three-
axis AM sensor 6. The AM sensor 6 may be incorporated
within the IMD 8 or attached to the IMD 8. The AM sensor
6 can be calibrated to determine the orientation of the
IMD 8 by measuring a position of the first electrode 10
relative to a position of the second electrode 12. Howev-
er, the AM sensor 6 can use reference points other than
the first and second electrodes 10, 12 to measure the
IMD’s 8 orientation. Thus, the AM sensor 6 can use a
first reference point and a second reference point, where
the reference points can be any structure on the IMD 8
that may correspond to the first electrode 10 and the sec-
ond electrode 12, respectively. Further, the AM sensor
6 can use multiple sets of reference points to increase
accuracy or improve determining orientation.

[0019] Referring to FIGS. 2A-2B, in some embodi-
ments, the AM sensor 6 can be calibrated to determine
the orientation of the IMD 8 by measuring an elevation
or an altitude of the first electrode 10 relative to an ele-
vation or an altitude of the second electrode 12. FIG. 2A
shows the IMD 8 with the first electrode 10 in a superior
position relative to the second electrode 12. FIG. 2B
shows the first electrode 10 in a superior position relative
to the second electrode 12, but the IMD 8 is seen as
being tilted. FIG. 2C shows the first electrode 10 in an
inferior position relative to the second electrode 12. As
an example, a three-axis AM sensor 8 can detect linear
accelerations in an x-direction, a y-direction, and a z-
direction. If the IMD 8 is in motion, acceleration and/or
deceleration in any of the x-direction, the y-direction, and
the z-direction can be calculated and represented by a
mathematical vector equation. If the IMD 8 is not in mo-
tion, only an acceleration in a negative z-direction or a
deceleration in the positive z-direction will be detected
due to gravity. Thus, knowing the acceleration in the neg-
ative z-direction to be approximately 9.8m/s? if the IMD
8 is not in motion, trigonometric algorithms comparing
the actual z-direction acceleration to the 9.8m/s2 can be
used to determine if the IMD 8 is tilting, and thus deter-
mine the relative elevation or altitude of the first electrode
10 to elevation or altitude of the second electrode 12.
[0020] Further components can be used to determine
and/or enhance the IMD’s 8 orientation measurement,
such as inclinometers, gyroscopes, etc. These compo-
nents can be used in addition to, in the alternative to,
and/or incorporated with the AM sensor 6. If the elevation
or altitude of first electrode 10 is determined to be higher
than the elevation or altitude of the second electrode 12,
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then the IMD 8 can be deemed to be in an up-orientation
(i.e., the first electrode 10 is superior to the second elec-
trode 12). If the elevation or altitude of first electrode 10
is determined to be lower than the elevation or altitude
of the second electrode 12, then the IMD 8 can be
deemed to be in a down-orientation (i.e., the first elec-
trode 10 is inferior to the second electrode 12). As noted
earlier, the IMD 8 in the up-orientation will generate
SECG-1 and the IMD 8 in the down-orientation will gen-
erate SECG-2.

[0021] The system 1 can further include a processor 2
and a non-transitory memory 3, both of which may be in
operative communication with the IMD 8, the AM sensor
6, and/or the display 4, where the processor 2 may be
programed to perform the algorithmic functions de-
scribed herein. The processor 2 can be further pro-
gramed to associate the up-orientation with a proxy value
of (1) and the down-orientation with a proxy value of (-1);
however, other proxy values can be used. Further, each
SECG signal can be tagged or coded with the ascertained
up-orientation or the ascertained down-orientation when
the SECG signal is generated so that the SECG signal
can be identified as a SECG-1 signal or a SECG-2 signal.
Forinstance, if an IMD 8 is in the up-orientation then the
processor 2 can tag the SECG signals generated there-
from with the proxy value 1 so that each SECG signal is
identified as a SECG-1 signal. Similarly, if an IMD 8 is in
the down-orientation then the processor 2 can tag the
SECG signals generated therefrom with the proxy value
(-1) so that each SECG signal is identified as a SECG-
2 signal.

[0022] It may be predetermined that any one of a
SECG-1 and a SECG-2 has an orientation that is the
same orientation as that of a traditional ECG signal. For
example, it may be predetermined that SECG-1 has the
same orientation as thatof a traditional ECG signal. Thus,
the processor can be further programmed to, upon re-
ceiving a SECG-2 signal, perform an inversion function
to convert the SECG-2 signal to a SECG-1 signal before
being displayed by the display 4. Displaying the signals
can be achieved through use of a user interface or other
software program programmed to be executed by the
processor 2. The inversion function can be generating a
reciprocal image, a mirrorimage, an inverted image, etc.
ofthe SECG-2. Further embodiments can include record-
ing or saving any one of the SECG-1 signal and SECG-
2 signal to the non-transitory memory before and/or after
any conversions take place.

[0023] While it has been disclosed for the SECG-2 sig-
nals to be converted to SECG-1 signals, it is understood
that SECG-1 signals could be converted to SECG-2 sig-
nals. Further, it may be preferred to generate SECG sig-
nals that are inverted from the traditional surface ECG
signals, or to generate SECG signals to have any other
orientation. Thus, the processor 2 can be programmed
to convert the SECG signals to any preferred orientation.
[0024] One skilled in the art will appreciate that the
processor 2 and the non-transitory memory 3 can be part
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of the IMD 8. Alternatively, or in addition, the processor
2 and the non-transitory memory 3 can be part of an
external computing device. Embodiments including use
of an external device can receive data from a transceiver
or other type of transmitter operatively associated with
the IMD 8. The data received can then be manipulated
by the external device, which can be done automatically
via algorithms and/or manually via a user of the external
device. For example, a tagged or coded SECG signal
can be transmitted from the IMD 8 to the external device
via a live stream in real time. Thus, any one or all of the
processors 2 (e.g., a processor of the IMD 8 or a proc-
essor 2 of the external device) can perform any of the
computational steps described herein, such as, for ex-
ample, the determining an orientation, converting a
SECG signal, etc. Further, any of the processors 2 can
be programmed to store any portion of data, before or
after being manipulated, on the non-transitory memory
3 associated therewith.

[0025] Recording and displaying the generated SECG
signal in a known way (i.e., with an orientation matching
that of a traditional ECG signal) can be beneficial to a
user attempting to interpret signal morphological signals
and its variations. In the context of monitoring, the occur-
rence or progression of cardiac diseases based on
changes in signal morphology may be a key attribute of
future implantable monitoring devices. Thus, working
with known signal orientations of a SECG can not only
increase usability, but may also simplify automaticity to
monitor and detect disease related changes.

[0026] A method for determining an orientation of an
IMD 8 can include: 1) attaching or incorporating the AM
sensor 6 to the IMD 8, wherein the IMD 8 has a first
electrode 10 and a second electrode 12; 2) operatively
associating the processor 2 and non-transitory memory
3 with the AM sensor 6 and the display 4; 3) implanting
the IMD 8 subcutaneously within a patient to generate
SECG signals; 4) determining an orientation of the IMD
8 from the AM sensor 6 measuring an elevation or an
altitude of at least one first reference point of the IMD 8
relative to an elevation or an altitude of at least one sec-
ond reference point of the IMD 8, wherein when the at
least one first reference point is superior relative to the
at least one second reference point the IMD 8 is in an
up-orientation and when the first reference point is infe-
rior relative to the second reference point the IMD 8 is in
adown-orientation; 5) associating the up-orientation with
afirst proxy value and the down-orientation with a second
proxy value; 6) tagging each SECG signal with the as-
certained up-orientation or down-orientation; 7) identify-
ing each up-orientation generated SECG signal as a
SECG-1 signal and identifying each down-orientation
generated SECG signal as a SECG-2 signal; determining
a preferred orientation before displaying the SECG sig-
nals; converting at least one of each SECG-1 signal and
SECG-2 signal to generate SECG display signals having
the preferred orientation; sending the SECG display sig-
nals to the display 4 for viewing, analyzing, and/or re-
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cording.

Claims

A method for determining an orientation of an im-
plantable medical device ("IMD") (8) after being im-
planted subcutaneously within a patient to generate
subcutaneous electrocardiogram ("SECG") signals,
wherein the IMD comprising an attached or incorpo-
rated acceleration/motion sensor ("AM sensor") (6),
the method comprising:

determining an orientation of the IMD from the
AM sensor measuring an elevation or an altitude
of at least one first reference point of the IMD
relative to an elevation or an altitude of at least
one second reference point of the IMD, wherein
when the at least one first reference point is su-
perior relative to the at least one second refer-
ence point the IMD is in an up-orientation, and
when the at least one first reference point is in-
ferior relative to the at least one second refer-
ence point the IMD is in a down-orientation;
tagging each SECG signal with the ascertained
up-orientation or down-orientation;
determining a preferred orientation for display-
ing the SECG signals before the SECG signals
are displayed;

converting at least one SECG signal to generate
a SECG display signal having the preferred ori-
entation; and,

displaying the SECG display signal having the
preferred orientation.

The method according to claim 1, wherein the IMD
(8) has a first electrode (10) and a second electrode
(12).

The method according to claim 2, wherein the first
electrode (10) is located at an end of the IMD (8) that
is an opposite end at which the second electrode
(12) is located.

The method according to one of the preceding
claims, wherein the at least one first reference point
is associated with the first electrode (10) and the at
least one second reference point is associated with
the second electrode (12).

The method according to claim 1, wherein the AM
sensor (6) is a three-axis acceleration/motion sen-
sor.

The method according to claim 1 or 5, wherein the
AM sensor (6) is capable of communicating with a
processor (2) in operative association with a non-
transitory memory (3) and a display (4).
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7.

10.

1.

12.

13.

14.

The method according to claim 6, wherein the proc-
essor (2) is programmed to cause the display (4) to
display subcutaneous electrocardiogram ("SECG")
signals.

The method according to claim 1, wherein the step
of converting the at least one SECG signal to gen-
erate the SECG display signal having the preferred
orientation comprises an inversion function per-
formed on the SECG signal.

The method according to claim 1, further comprising
use of at least one of an inclinometer and a gyro-
scope for the determining the orientation of the IMD

(8).

The method according to claim 1, wherein the IMD
(8) is an implantable cardiac monitor ("ICM").

The method according to one of the preceding
claims, further comprising associating the up-orien-
tation with a first proxy value and the down-orienta-
tion with a second proxy value.

The method according to one of the preceding
claims, further comprising identifying each up-orien-
tation generated SECG signal as a SECG-1 signal
and identifying each down-orientation generated
SECG signal as a SECG-2 signal.

The method according to claim 11, wherein the step
of converting the at least one SECG signal further
comprises converting at least one of each SECG-1
signal, and SECG-2 signal to generate the SECG
display signal having the preferred orientation.

The method according to claim 1, wherein the step
of displaying the SECG display signal further com-
prises sending the SECG display signal to the dis-

play (4).
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