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APPARATUS AND METHOD FOR
DETECTING PHRENIC NERVE
STIMULATION

FIELD

[0001] This disclosure relates generally to apparatus and
methods for detection of phrenic nerve stimulation.

BACKGROUND

[0002] Phrenic Nerve Stimulation (PNS) occurs in about
10% of all cardiac resynchronization therapy (CRT) patients.
It is estimated that nearly 3% of the patients have to be
re-operated to correct PNS. To decrease the probability of
PNS, it is necessary to bypass pacing vectors that cause PNS.
For example, some medical personnel or medical device
manufacturers have suggested using multiple pacing configu-
rations to bypass the pacing vector that causes PNS. For
example, a pacing lead may provide a multiple quantity of
pacing options to the medical personnel (e.g., physician) with
the primary goal of picking the best suited pacing option for
avoiding phrenic nerve stimulation. Although software-
driven workflows have graphically eased the way to test all
the offered vector options, there is still no automatic test to
check for PNS in all the offered vector options. Thus, a
prevalent current practice is for the medical personnel (e.g.,
physician) to hold his or her hand over the patient’s chest and
confirm any diaphragm movement as a way of detecting PNS.

SUMMARY

[0003] Disclosed is an apparatus and method for detecting
phrenic nerve stimulation. According to one aspect, a method
for detecting phrenic nerve stimulation (PNS)including com-
puting a power spectral density (PSD) of spatial data of a
sensor; determining a first spectral magnitude and a second
spectral magnitude from the power spectral density (PSD);
computing a ratio of the first spectral magnitude to the second
spectral magnitude; and comparing the ratio to a threshold,
wherein if the ratio is equal or greater than the threshold,
determining that phrenic nerve stimulation (PNS) is present
and wherein if the ratio is less than the threshold, determining
that no PNS or minimal PNS is present.

[0004] According to one aspect, a device for detecting
phrenic nerve stimulation (PNS) comprising a processor and
a memory, the memory containing program code executable
by the processor for performing the following: computing a
power spectral density (PSD) of spatial data of a sensor;
determining a first spectral magnitude and a second spectral
magnitude from the power spectral density (PSD); computing
a ratio of the first spectral magnitude to the second spectral
magnitude; and comparing the ratio to a threshold, wherein if
the ratio is equal or greater than the threshold, determining
that phrenic nerve stimulation (PNS) is present and wherein if
the ratio is less than the threshold, determining that no PNS or
minimal PNS is present.

[0005] According to one aspect, a method for detecting
phrenic nerve stimulation (PNS) including computing a
power spectral density (PSD) of spatial data of a sensor,
wherein the sensor is an external sensor placed on a patient’s
torso area; determining a diaphragmatic spectral magnitude
and a respiratory motion spectral magnitude from the power
spectral density (PSD); and computing a ratio of the dia-
phragmatic spectral magnitude to the respiratory motion
spectral magnitude, wherein if the ratio is equal or greater
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than a threshold, determining that phrenic nerve stimulation
(PNS) is present, and if the ratio is less than the threshold,
determining that no PNS or minimal PNS is present.

[0006] According to one aspect, a device for detecting
phrenic nerve stimulation (PNS) comprising a processor and
a memory, the memory containing program code executable
by the processor for performing the following: computing a
power spectral density (PSD) of spatial data of a sensor,
wherein the sensor is an external sensor placed on a patient’s
torso area; determining a diaphragmatic spectral magnitude
and a respiratory motion spectral magnitude from the power
spectral density (PSD); and computing a ratio of the dia-
phragmatic spectral magnitude to the respiratory motion
spectral magnitude, wherein if the ratio is equal or greater
than a threshold, determining that phrenic nerve stimulation
(PNS) is present, and if the ratio is less than the threshold,
determining that no PNS or minimal PNS is present.

[0007] According to one aspect, a method for detecting
phrenic nerve stimulation (PNS) including computing an
oscillation amplitude of spatial data of a sensor; computing a
baseline wander amplitude of the spatial data of the sensor;
computing a ratio of the oscillation amplitude to the baseline
wander amplitude; and comparing the ratio to a threshold,
wherein if the ratio is equal or greater than a threshold, deter-
mining that phrenic nerve stimulation (PNS) is present, and
wherein if the ratio is less than the threshold, determining that
no PNS or minimal PNS is present.

[0008] According to one aspect, a device for detecting
phrenic nerve stimulation (PNS) comprising a processor and
a memory, the memory containing program code executable
by the processor for performing the following: computing an
oscillation amplitude of spatial data of a sensor; computing a
baseline wander amplitude of the spatial data of the sensor;
computing a ratio of the oscillation amplitude to the baseline
wander amplitude; and comparing the ratio to a threshold,
wherein if the ratio is equal or greater than the threshold,
determining that phrenic nerve stimulation (PNS) is present,
and wherein if the ratio is less than the threshold, determining
that no PNS or minimal PNS is present.

[0009] According to one aspect, a method for detecting
phrenic nerve stimulation (PNS) including obtaining a first
respiratory spectral magnitude with no phrenic nerve stimu-
lation (PN'S) or minimal PNS is present; defining a threshold
based on the first respiratory spectral magnitude; determining
a second respiratory spectral magnitude from a power spec-
tral density of spatial data of a sensor; and determining that a
phrenic nerve stimulation (PNS) is present if the second res-
piratory spectral magnitude is less than the threshold or deter-
mining that no PNS or minimal PNS is present if the second
respiratory spectral magnitude is equal or greater than the
threshold.

[0010] According to one aspect, a device for detecting
phrenic nerve stimulation (PNS) comprising a processor and
a memory, the memory containing program code executable
by the processor for performing the following: obtaining a
first respiratory spectral magnitude with no phrenic nerve
stimulation (PNS) or minimal PNS is present; defining a
threshold based on the first respiratory spectral magnitude;
determining a second respiratory spectral magnitude from a
power spectral density of spatial data of a sensor; and deter-
mining that a phrenic nerve stimulation (PNS) is present if the
second respiratory spectral magnitude is less than the thresh-
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old or determining that no PNS or minimal PNS is present if
the second respiratory spectral magnitude is equal or greater
than the threshold.

[0011] Advantages of the present disclosure may include
decreasing or minimizing involvement of medical personnel
in the detection of phrenic nerve stimulation (PNS) by pro-
viding an automated PNS detection procedure, eliminating
guess work and reducing human error.

[0012] It is understood that other aspects will become
readily apparent to those skilled in the art from the following
detailed description, wherein it is shown and described vari-
ous aspects by way of illustration. The drawings and detailed
description are to be regarded as illustrative in nature and not
as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 illustrates a first example of displacement
versus time of a sensor placed within a coronary sinus during
pacing in the X, Y, and Z coordinates.

[0014] FIG. 2 illustrates a second example of displacement
versus time of a sensor placed within a coronary sinus during
pacing in the X, Y, and Z coordinates.

[0015] FIG. 3 illustrates an example of a power spectral
density versus frequency plot of the X, Y and Z coordinate
plots illustrated in FIG. 1.

[0016] FIG. 4 illustrates an example of a power spectral
density versus frequency plot of the X, Y and Z coordinate
plots illustrated in FIG. 2.

[0017] FIG. 5 illustrates an example of a communication
channel coupled between a sensor system and a programmer
system.

[0018] FIG. 6 illustrates an example of a patient reference
sensor (PRS) and a pacing lead on a patient.

[0019] FIG. 7 illustrates a first example flow diagram for
detecting phrenic nerve stimulation (PNS).

[0020] FIG. 8illustrates a second example flow diagram for
detecting phrenic nerve stimulation (PNS).

[0021] FIG. 9 illustrates a third example flow diagram for
detecting phrenic nerve stimulation (PNS).

[0022] FIG. 10 illustrates a fourth example flow diagram
for detecting phrenic nerve stimulation (PNS).

[0023] FIG. 11 illustrates an example of a device including
a processor in communication with a memory for executing
the processes of detecting phrenic nerve stimulation (PNS).

DETAILED DESCRIPTION

[0024] The detailed description set forth below in connec-
tion with the appended drawings is intended as a description
of various aspects of the present disclosure and is not intended
to represent the only aspects in which the present disclosure
may be practiced. Each aspect described in this disclosure is
provided merely as an example or illustration of the present
disclosure, and should not necessarily be construed as pre-
ferred or advantageous over other aspects. The detailed
description includes specific details for the purpose of pro-
viding a thorough understanding of the present disclosure.
However, it will be apparent to those skilled in the art that the
present disclosure may be practiced without these specific
details. In some instances, well-known structures and devices
are shown in block diagram form in order to avoid obscuring
the concepts of the present disclosure. Acronyms and other
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descriptive terminology may be used merely for convenience
and clarity and are not intended to limit the scope of the
present disclosure.

[0025] While for purposes of simplicity of explanation, the
methodologies are shown and described as a series of acts, it
is to be understood and appreciated that the methodologies
are not limited by the order of acts, as some acts may, in
accordance with one or more aspects, occur in different
orders and/or concurrently with other acts from that shown
and described herein. For example, those skilled in the art will
understand and appreciate that a methodology could alterna-
tively be represented as a series of interrelated states or
events, such as in a state diagram. Moreover, notall illustrated
acts may be required to implement a methodology in accor-
dance with one or more aspects.

[0026] Three dimensional (3D) position and orientation
information of multiple tools can be collected in real time.
Using the X, Y and Z coordinates of a sensor, a plot of
displacement over time may be drawn for any given time
interval.

[0027] FIG. 1 illustrates a first example of displacement
versus time of a sensor placed within a coronary sinus during
pacing in the X, Y, and Z coordinates. FIG. 1 shows the X, Y
and 7 coordinate plots of the same sensor that was placed
within the coronary sinus at different time instances. In the
example of FIG. 1, the X, Y, and 7 coordinates plots of
displacement versus time are acquired by placing a pacing
lead in one of the coronary sinus branches and paced at 100
beats per minute (bpm). In one example, the pacing lead is a
left ventricle (LV), aright ventricle (RV) lead or a multipolar
lead. One skilled in the art would understand that other types
of pacing lead or other pacing tools may be used without
affecting the scope and spirit of the present disclosure. In the
time series data of FIG. 1, periodicity may be observed in the
displacement signal from the sensor resulting from both car-
diac motion (oscillations) and respiratory motion (baseline
wander) shown in the X-coordinate plot. In FIG. 1, the base-
line wander in the Y and Z coordinate plots are not drawn.
[0028] The oscillation characteristic of the X, Y and Z
coordinate plots shown in FIG. 1 oscillates between the dis-
placement interval of 0.5 cm to —0.5 cm. The baseline wander
ofthe X,Y and Z coordinate plots shown in FIG. 1 appears to
have aslight sinusoidal shape over time. The sinusoidal shape
of the baseline wander of the X, Y, and 7 coordinates plots
shown indicates that there is no or minimal phrenic nerve
stimulation.

[0029] FIG. 2illustrates a second example of displacement
versus time of a sensor placed within a coronary sinus during
pacing in the X, Y, and Z coordinates. The X, Y and Z coor-
dinate plots shown in FIG. 2 were acquired when the LV lead
was placed in a different branch of the coronary sinus and
paced at the same heart rate. In FIG. 2, although the oscilla-
tion characteristic of the X, Y and Z coordinate plots appears
to be similar to the oscillation characteristic of the X, Y and Z
coordinate plots shown in FIG. 1, the baseline wander in the
X, Y and Z coordinate plots shown in FIG. 2 is flat. In the
example of FIG. 2, only the baseline wander in the X coordi-
nate plot is drawn. The flat shape of the baseline wander of the
X, Y, and Z coordinates plots shown indicates that there is
phrenic nerve stimulation due to pacing. The data shown in
FIGS. 1 and 2 are collected from canine studies.

[0030] FIG. 3 illustrates an example of a power spectral
density versus frequency plot of the X, Y and Z coordinate
plots illustrated in FIG. 1. FIG. 4 illustrates an example of a
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power spectral density versus frequency plot of the X, Y and
Z coordinate plots illustrated in FIG. 2. In the examples of
FIGS. 3 and 4, the peak spectral magnitude between 0 and 0.5
Hz represents the respiratory motion. And, the peak spectral
magnitude between 1.5 and 2 Hz represents the cardiac
motion (100 bpm=1.67 Hz). When PNS occurs as a result of
pacing, the diaphragm contracts forcefully and so normal
respiratory motion is interrupted. This is manifested in the
power spectral density (PSD). The ratio of cardiac motion
spectral magnitude to respiratory motion spectral magnitude
increases. This can be seen in FIG. 3. For the example in FIG.
3, using the X coordinate, the ratio of cardiac motion spectral
magnitude to respiratory motion spectral magnitude
increases from 3.2 to 11.8. The power spectral density (PSD)
plot shown in FIG. 3 indicates that there is no or minimal
phrenic nerve stimulation (PNS). On the other hand, the
power spectral density (PSD) plot shown in FIG. 4 indicates
that there is phrenic nerve stimulation (PNS).

[0031] In one example, real time tracking of the sensor
within a coronary sinus branch during pacing allows comput-
ing the cardiac motion spectral magnitude to respiratory
motion spectral magnitude ratio just by using a few cardiac
cycles. Selecting the right coordinate axis that captures the
major component of respiratory motion may help compute
the ratio more accurately. Since more than one power spectral
density (PSD) may be required for comparison, multiple pac-
ing configurations may be advantageous to determine the
lower cardiac motion spectral magnitude to respiratory
motion spectral magnitude ratio. In one example, the lowest
ratio may be deemed as normal pacing with no phrenic nerve
stimulation (PNS). In the example of a single vector detec-
tion, a non-PNS graph may be computed by using an right
ventricle (RV) pacing configuration as the baseline, that is, as
having no phrenic nerve stimulation (PNS).

[0032] FIG. 5 illustrates an example of a communication
channel 530 coupled between a sensor system 510 and a
programmer system 520. As shown in FIG. 5, the sensor
system may include multiple components coupled to perform
a sensing function. The close proximity of the sensor system
and the programmer system in, for example, a cardiac elec-
trophysiology (EP) room may facilitate communication
exchange between the two. In one example, the communica-
tion channel between the sensor system and the programmer
system communicates detection of phrenic nerve stimulation
(PNS) using the position and orientation of sensor(s) moni-
toring the patient in real-time. By tracking the displacement
of the sensor, the programmer system computes the power
spectrum density (PSD) of the displacement of the sensor
over time. The PNS data may then be used to detect phrenic
nerve stimulation (PNS). In addition to being a wired channel
between the sensor system and the programmer system, in
one example, the communication channel is a wireless chan-
nel.

[0033] For example, once a pacing lead is in place within a
patient and the condition is ready for pacing vector selection,
the programmer paces through all pacing vectors sequentially
with a selected pacing amplitude (e.g., a 10V pacing ampli-
tude). For every single vector, the sensor system collects the
3D coordinates (i.e., X,Y and Z coordinates ) of the sensor that
is placed within the patient (e.g., ina patient’s heart vessel). In
one example, the sensor is associated with an enabled
guidewire, an inner catheter or an outer catheter, any of which
may be used during a cardiac resynchronization therapy
(CRT) implant. Using the cardiac motion spectral magnitude
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to respiratory motion spectral magnitude ratio, the sensor
system detects event of PNS and reports back to the program-
mer system via communication channel coupled between the
two systems. In one example, the programmer system
changes the pacing vector and applies a pulse (e.g., 10V
pulse) to the new vector. This process is repeated for all the
pacing vectors. At the end of the test, the programmer system
generates a list of vectors that are marked with ‘PNS
Detected’. In one example, the programmer system marks
each of the pacing vectors with which PNS is detected. The
vectors marked with ‘PNS Detected” are the pacing vectors
with which PNS is detected.

[0034] Inoneexample the process of automatic PNS detec-
tion may be incorporated with automatic capture threshold
algorithm used on the implantable device programmer sys-
tem. In one example, PNS may be detected by the stand-alone
sensor system without communication with the programmer
system based on the inputs from various sensors including a
Patient Reference Sensor (PNS).

[0035] FIG. 6 illustrates an example of a patient reference
sensor (PRS) 610 and a pacing lead 620 on a patient. In one
example, the patient reference sensor (PRS) 610 is part of the
sensor system 510. In one example, the pacing lead is a left
ventricle (LV) lead. In another example, the pacing lead is a
right ventricle (RV) lead. The patient reference sensor (PRS)
is placed externally on the patient’s torso area to detect res-
piratory motion and diaphragmatic stimulation. In one
example, the torso area is the chest area of the patient. PRS
has the capability to sense respiratory motion in the order of
millimeters. In one example, an algorithm is used to distin-
guish between rhythmic respiratory motion and diaphrag-
matic stimulation by measuring their amplitude ratio in a
power density spectrum versus frequency plot. For example,
the occurrence of diaphragmatic stimulation is detected to
identify phrenic nerve stimulation (PNS) associated with a
particular pacing vector.

[0036] FIG. 7 illustrates a first example flow diagram for
detecting phrenic nerve stimulation (PNS). In block 710,
compute a power spectral density (PSD) of spatial data of a
sensor. In one example, the spatial data includes one or more
of the following: position data or orientation data of the
sensor over time. In one example, the position data includes 3
dimensions (3D). In one example, the orientation data
includes 1, 2 or 3 degrees of freedom. In one example, the step
of “computing a power spectral density of spatial data of a
sensor” includes taking a Fourier transform of the spatial
data. This may also include taking the magnitude squared of
the Fourier transform. In one example, the step of “computing
a power spectral density of spatial data of a sensor” includes
using parametric spectral estimation of the spatial data. In
another example, the step of “computing a power spectral
density of spatial data of a sensor” includes using non-para-
metric spectral estimation of the spatial data. In one example,
the step of “computing a power spectral density of spatial data
of asensor” includes taking a wavelet transform of the spatial
data. In one example, the step of “computing a power spectral
density of spatial data of a sensor” includes taking a peri-
odogram of the spatial data. This may include weighting the
periodogram with a predetermined weighting function. In
one example, the step of “computing a power spectral density
of spatial data of a sensor” includes taking a periodogram of
a moving average of the spatial data. Although various
examples of computing the PSD are disclosed herein, one
skilled in the art would understand that the examples dis-



US 2014/0309538 A1

closed herein are not exclusive and that other examples for
computing the PSD may be used without affecting the scope
and spirit of the present disclosure.

[0037] In one example, the sensor is embedded in a chest
cavity. In another example, the sensor is embedded within a
heart tissue. In one example, the sensor is embedded within a
blood vessel. One example of the blood vessel is a coronary
sinus branch. In yet another example, the sensor may be
placed externally on a patient, such as, on a patient’s torso
area which may be on the chest area. In another example, the
sensor is placed on the patient’s back. One skilled in the art
would understand that the location of the initial placement of
the sensor may vary according to various factors, such as but
not limited to, medical personnel’s choice, patient’s medical
condition, the type or sensor used, etc., without affecting the
scope and spirit of the present disclosure. Additionally, one
skilled in the art would understand that the examples of the
sensor’s initial location disclosed herein are not exclusive.
[0038] In one example, the sensor is one of the following:
an electromagnetic sensor, a ultrasonic sensor, an acoustic
sensor, an impedance-based sensor, etc. In one example, the
sensor is a set of multiple sensors of one of the following type
of sensors: electromagnetic sensors, ultrasonic sensors or
acoustic sensors impedance-based sensor. In one example,
the multiple sensor set includes more than one type of sensors
in its set. In one example, one or more sensors of the multiple
sensor set is placed internally in the patient while another one
or more sensors the multiple sensor set is placed externally on
the patient. For example, a sensor may be placed within a
branch of the coronary sinus, a sensor may be placed on the
torso area, a sensor may be placed on the patient’s back area,
or combination thereof may be used.

[0039] Other types of sensors or combination of two or
more of the types of sensors disclosed herein may be used. In
one example, for the sensor placed internally in a patient, the
sensor is associated with one of the following: a guidewire, a
catheter, a lead, a stylet, etc.

[0040] In block 720, determine a first spectral magnitude
and a second spectral magnitude from the power spectral
density (PSD). In one example, the first spectral magnitude is
a cardiac motion spectral magnitude, and the second spectral
magnitude is a respiratory motion spectral magnitude. In
another example, both the first and second spectral magnitude
relate to a cardiac signal. In yet another example, both the first
and second spectral magnitude relate to a respiratory signal.
In one example, the cardiac motion spectral magnitude occurs
at a higher frequency than the respiratory motion spectral
magnitude. For example, the cardiac motion spectral magni-
tude may occur at a frequency between 1.5 to 3 Hz. And, for
example, the respiratory motion spectral magnitude may
occur at a frequency between 0 to 0.5 Hz.

[0041] In block 730, compute a ratio of the first spectral
magnitude to the second spectral magnitude. Following block
730, in block 740, compare the ratio to a threshold. In one
example, if the ratio is equal or greater than the threshold,
determine that phrenic nerve stimulation (PNS) is present.
And, if the ratio is less than the threshold, determine that no
PNS or minimal PNS is present. In one example, the value of
the threshold is derived from a right ventricle (RV) pacing
configuration. In block 750, identify the PNS with a pacing
vector. In one example, the pacing vector is a combination of
a cathode and an anode configuration. In block 760, mark the
pacing vector with a marker. In one example, the pacing
vector 1s executed by a programmer system. In one example,
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the sensor is part of a sensor system, and a communication
channel couples the sensor system with the programmer sys-
tem so the two systems can communicate with each other. In
one example, the programmer system marks the pacing vec-
tor with a marker to indicate that PNS was detected with that
pacing vector.

[0042] In one aspect, the steps illustrated in FIG. 7 are
repeated for a plurality of pacing vectors where each of the
plurality of pacing vectors is different. In one example, each
of the plurality of pacing vectors has a different pacing volt-
age. In addition, a plurality of ratios of cardiac motion spec-
tral magnitude to the respiratory motion spectral magnitude is
generated for detecting PNS. In this example, each of the
plurality of ratios corresponds to one of the plurality of pacing
vectors. And, in one example, use the lowest ratio from the
plurality of ratios as a baseline for indicating the absence of
phrenic nerve stimulation (PNS).

[0043] FIG. 8illustrates a second example flow diagram for
detecting phrenic nerve stimulation (PNS). In block 810,
compute a power spectral density (PSD) of spatial data of a
sensor, wherein the sensor is an external sensor placed on a
patient’s torso area. In one example, the torso area is the
patient’s chest area. In one example, the spatial data includes
as least one dimension of position data of the sensor.

[0044] The various ways of computing PSD as described
with the example of FIG. 7 are equally applicable to the
example of FIG. 8. In one example, the sensor is one of the
following: an electromagnetic sensor, a ultrasonic sensor, an
acoustic sensor, an impedance-based sensor, etc. In one
example, the sensor is a set of multiple sensors which may
include one or more types of sensors. In one example, one of
the multiple sensors is placed on the patient’s torso area while
another of the multiple sensors is placed on the patient’s back.
[0045] In block 820. determine a diaphragmatic spectral
magnitude and a respiratory motion spectral magnitude from
the power spectral density (PSD). In block 830, compute a
ratio of the diaphragmatic spectral magnitude to the respira-
tory motion spectral magnitude. In one example, if the ratio is
equal or greater than a threshold, determine that phrenic nerve
stimulation (PNS) is present. And, if the ratio is less than the
threshold, determine that no PNS or minimal PNS is present.
In one example, the value of the threshold is derived from a
right ventricle (RV) pacing configuration. In block 840, iden-
tify the PNS with a pacing vector. In block 850, mark the
pacing vector with a marker. In one example, the sensor is part
of a sensor system which is coupled to a programmer system
by a communication channel. In one example, the program-
mer system marks the pacing vector with a marker to indicate
that that pacing vector is associated with a PNS.

[0046] FIG. 9 illustrates a third example flow diagram for
detecting phrenic nerve stimulation (PNS). In block 910,
compute an oscillation amplitude of spatial data of a sensor.
In one example, the sensor is one of the following: an elec-
tromagnetic sensor, a ultrasonic sensor, an acoustic sensor, an
impedance-based sensor, etc. In one example, the sensor is a
set of multiple sensors which may include one or more types
of sensors. In one example, the spatial data includes as least
one dimension of position data of the sensor. In block 920,
compute a baseline wander amplitude of the spatial data of the
sensor. In block 930, compute a ratio of the oscillation ampli-
tude to the baseline wander amplitude. In block 940, compare
the ratio to a threshold. In one example, if the ratio is equal or
greater than the threshold, determine that phrenic nerve
stimulation (PNS) is present. And, if the ratio is less than the
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threshold, determine that no PNS or minimal PNS is present.
In one example, the value of the threshold is derived from a
right ventricle (RV) pacing configuration. In block 950, iden-
tify the PNS with a pacing vector. In block 960, mark the
pacing vector with a marker. In one example, the sensor is part
of a sensor system which is coupled to a programmer system
by a communication channel. In one example, the program-
mer system marks the pacing vector with a marker to indicate
that that pacing vector is associated with a PNS.

[0047] Inoneexample, one or more sensors of the multiple
sensor set is placed internally in the patient while another one
or more sensors the multiple sensor set is placed externally on
the patient. For example, a sensor may be placed within a
branch of the coronary sinus, a sensor may be placed on the
torso area, a sensor may be placed on the patient’s back area,
or combination thereof may be used. In one example, for the
sensor placed internally in a patient, the sensor is associated
with one of the following: a guidewire, a catheter, a lead, a
stylet, etc.

[0048] In one aspect, phrenic nerve stimulation (PNS)
causes the diaphragm to contract and therefore prevent nor-
mal breathing, thereby limiting respiratory motion and con-
comitantly decreasing the respiratory spectral magnitude.
The change in cardiac spectral magnitude may be secondary
to this breathing effect. The contraction of the diaphragm
causes inspiration, which reduces thoracic pressure, and thus,
may reduce the resistance to cardiac motion.

[0049] FIG. 10 illustrates a fourth example flow diagram
for detecting phrenic nerve stimulation (PNS). In block 1010,
obtain a first respiratory spectral magnitude with no phrenic
nerve stimulation (PNS) or minimal PNS is present. In one
example, the first respiratory spectral magnitude is obtained
during a right ventricle (RV) pacing. In one example, the first
respiratory spectral magnitude is obtained during a right
atrium (RA) pacing. In yet another example, the first respira-
tory spectral magnitude is obtained when there is no pacing.
In one example, obtain the first respiratory spectral magni-
tude of the right ventricle pacing by measurement. In another
example, obtain the first respiratory spectral magnitude by
simulation. In yet another example, obtain the first respiratory
spectral magnitude by analysis. One skilled in the art would
understand that there are many techniques to obtain a respi-
ratory spectral magnitude, that the examples disclosed herein
are not exclusive, and that other techniques not disclosed
herein may be equally applicable within the scope and spirit
of the present disclosure.

[0050] In block 1020, define a threshold based on the first
respiratory spectral magnitude. The threshold is used to indi-
cate no phrenic nerve stimulation (no PNS). In block 1030,
determine a second respiratory spectral magnitude from a
power spectral density of spatial data of a sensor. In one
example, the first and second respiratory spectral magnitudes
are centered at a same frequency.

[0051] In one example, the spatial data includes one or
more of the following: position data of the sensor over time or
orientation data of the sensor over time. In one example, the
sensor is one of the following: an electromagnetic sensor, a
ultrasonic sensor, an acoustic sensor or an impedance-based
sensor. In one example, the sensor is placed internally in a
patient, for example, in a chest cavity, a heart tissue, a blood
vessel, or a coronary sinus branch. In another example, the
sensor is placed externally on a patient’s torso area. The
sensor may be a set of multiple sensors.
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[0052] 1In one example, the pacing configurations for the
first respiratory spectral magnitude and the second respira-
tory spectral magnitude are different. In one example, the
power spectral density is based on a left ventricle (LV) pacing
configuration. In one example the power spectral density
(PSD) is computed by one of the following: taking a Fourier
transform of the spatial data and/or taking the magnitude
squared of the Fourier transform, using parametric spectral
estimation of the spatial data; using non-parametric spectral
estimation of the spatial data; taking a wavelet transform of
the spatial data; taking a periodogram of the spatial data; or
taking a periodogram of a moving average of the spatial data.
[0053] Inblock 1040, compare the second respiratory spec-
tral magnitude and the threshold. In block 1050, determine
thata phrenic nerve stimulation (PNS)is present if the second
respiratory spectral magnitude is less than the threshold or
determine that no PNS or minimal PNS is present if the
second respiratory spectral magnitude is equal or greater than
the threshold. In block 1060, identify the phrenic nerve stimu-
lation (PNS) with a pacing vector and mark the pacing vector
with a marker. In one example, repeat the steps of FIG. 10 for
a plurality of pacing vectors, wherein each of the plurality of
pacing vectors is different.

[0054] FIG. 11 illustrates an example of a device 1100
including a processor 1010 in communication with a memory
1120 for executing the processes of detecting phrenic nerve
stimulation (PNS). In one example, the device 1100 is used to
implement the algorithms illustrated in FIGS. 7, 8, 9 and 10.
In one aspect, the memory 1120 is located within the proces-
sor 1110. In another aspect, the memory 1120 is external to
the processor 1110. In one aspect, the processor includes
circuitry for implementing or performing the various flow
diagrams, logical blocks and/or modules described herein.
[0055] While for purposes of simplicity of explanation, the
methodologies are shown and described as a series of acts, it
is to be understood and appreciated that the methodologies
are not limited by the order of acts, as some acts may, in
accordance with one or more aspects, occur in different
orders and/or concurrently with other acts from that shown
and described herein. For example, those skilled in the art will
understand and appreciate that a methodology could alterna-
tively be represented as a series of interrelated states or
events. Moreover, not all illustrated acts may be required to
implement a methodology in accordance with one or more
aspects.

[0056] The previous description of the disclosed aspects is
provided to enable any person skilled in the art to make or use
the present disclosure. Various modifications to these aspects
will be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to other
aspects without departing from the spirit or scope of the
disclosure.

1. A method for detecting phrenic nerve stimulation (PNS)
comprising:

computing a power spectral density (PSD) of spatial data of
a sensor;

determining a first spectral magnitude and a second spec-
tral magnitude from the power spectral density (PSD);

computing a ratio of the first spectral magnitude to the
second spectral magnitude; and

comparing the ratio to a threshold, wherein if the ratio is
equal or greater than the threshold, determining that
phrenic nerve stimulation (PNS) is present, and wherein
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if the ratio is less than the threshold, determining that no
PNS or minimal PNS is present.

2. The method of claim 1, wherein the spatial data includes
one or more of the following: position data of the sensor over
time or orientation data of the sensor over time.

3. The method of claim 1, further comprising computing
the power spectral density (PSD) by taking a Fourier trans-
form of the spatial data.

4. The method of claim 4, further comprising taking a
magnitude squared of the Fourier transform.

5. The method of claim 1, further comprising computing
the power spectral density (PSD) by one of the following:
using parametric spectral estimation of the spatial data; using
non-parametric spectral estimation of the spatial data; taking
a wavelet transform of the spatial data; taking a periodogram
of the spatial data; or taking a periodogram of a moving
average of the spatial data.

6. The method of claim 1, wherein the sensor is one of the
following: an electromagnetic sensor, a ultrasonic sensor, an
acoustic sensor or an impedance-based sensor.

7. The method of claim 6, wherein the sensor is placed
internally in a patient.

8. The method of claim 7, wherein the sensor is placed
within one of the following locations of the patient: a chest
cavity, a heart tissue or a blood vessel.

9. The method of claim 7, wherein the sensor is placed
within a coronary sinus branch.

10. The method of claim 6, wherein the sensor is placed
externally on a patient’s torso area.

11. The method of claim 1, wherein the sensor comprises a
set of multiple sensors.

12. The method of claim 1, wherein the first spectral mag-
nitude is a cardiac motion spectral magnitude, and the second
spectral magnitude is a respiratory motion spectral magni-
tude.

13. The method of claim 12, wherein the threshold is
derived from a right ventricle (RV) pacing configuration.

14. The method of claim 1, further comprising identifying
the phrenic nerve stimulation (PNS) with a pacing vector and
marking the pacing vector with a marker.
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15. The method of claim 1, further comprising repeating
the steps of claim 1 for a plurality of pacing vectors, wherein
each of the plurality of pacing vectors is different.

16. A device for detecting phrenic nerve stimulation (PNS)
comprising a processor and a memory, the memory contain-
ing program code executable by the processor for performing
the following:

computing a power spectral density (PSD) of spatial data of

a sensor;
determining a first spectral magnitude and a second spec-
tral magnitude from the power spectral density (PSD);
computing a ratio of the first spectral magnitude to the
second spectral magnitude; and

comparing the ratio to a threshold, wherein if the ratio is

equal or greater than the threshold, determining that
phrenic nerve stimulation (PNS) is present and wherein
if the ratio is less than the threshold, determining that no
PNS or minimal PNS is present.

17. The device of claim 16, wherein the first spectral mag-
nitude is a cardiac motion spectral magnitude, and the second
spectral magnitude is a respiratory motion spectral magni-
tude.

18. The device of claim 16, wherein the memory further
comprising program code for identifying the phrenic nerve
stimulation (PNS) with a pacing vector and marking the pac-
ing vector with a marker.

19. The device of claim 16, wherein the device comprises
a sensor system, a programmer system and a communication
channel coupling the sensor system and the programmer sys-
tem, and wherein the sensor is part of the sensor system.

20. A method for detecting phrenic nerve stimulation
(PNS) comprising:

computing an oscillation amplitude of spatial data of a

sensor;

computing a baseline wander amplitude of the spatial data

of the sensor;

computing a ratio of the oscillation amplitude to the base-

line wander amplitude; and

comparing the ratio to a threshold, wherein if the ratio is

equal or greater than the threshold, determining that
phrenic nerve stimulation (PNS) is present, and wherein
if the ratio is less than the threshold, determining that no
PNS or minimal PNS is present.

* ok %k



patsnap

TREMOF) ATRNESEREEEN ST E
[F(RE)E US20140309538A1 K (aH)A 2014-10-16
BRiES US13/860351 % A 2013-04-10

FRIFFB(ERB)AGR) #RE
i (E R AGR) PACESETTER , INC.
LFERE(ER)AGE) PACESETTER, INC.

[FRIRBAA MORE ROHAN A
COPPOLA BENJAMIN

RAAN MORE, ROHAN A.
COPPOLA, BENJAMIN

IPCH =S A61B5/00 A61B5/0205

CPCH¥%(= A61B5/7235 A61B5/4041 A61B5/0205 A61B5/0488 A61B5/7221
ShEBEEEE Espacenet  USPTO

HEGE)

—MATRAURSZLRE (PNS ) WEREMAEE  SFITEEARBNE

EHIFEHN D RERE ( PSD ) ;A\PSDHE R ML IR E; 1T EM A LR
EH LR R ZLEREHERITHLRURMPNS, E£—NROIF , 20N
PNSBEIT E /MBI E KY 12 BBRHY 2 R BUE AYPSD; MPSD# & R AR % 1R
BE MRz 3 18 1R B 7 B it IR LR E 5 W REs) KR E A bR
B#MPNS, E—NRBIH | BAPNSSHEITE & RN 2= BRI IR

BT EARREARENELERRE T ERIEESELRBREN
B Rz R R ER TR NPNS,

530

510


https://share-analytics.zhihuiya.com/view/ddf44e61-7bd8-4e49-b7d9-6dfb51720a65
https://worldwide.espacenet.com/patent/search/family/051687264/publication/US2014309538A1?q=US2014309538A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140309538%22.PGNR.&OS=DN/20140309538&RS=DN/20140309538

