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(57) ABSTRACT

A method and device for modulating the autonomic nervous
system adjacent a pericardial space to treat cardiac arrhyth-
mia includes a treatment source arranged to supply a treat-
ment medium, acatheter having an end sized for insertion into
the pericardial space, a medium delivery assembly having a
distal end arranged to be positioned by the catheter into the
pericardium, with the distal end of the delivery assembly
comprising a delivery tip arranged to extend away from the
distal end of the catheter into the pericardial space. A connec-
tor operatively couples the delivery tip of the medium deliv-
ery assembly to the treatment source, and the delivery tip of
the medium delivery assembly including a plurality of deliv-
ery points for delivering the treatment medium at a plurality
of treatment areas within the pericardial space. The device
performs modulation or ablation of the autonomic nervous
system at selected treatment areas within the pericardium.

19 Claims, 10 Drawing Sheets
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1
DEVICE AND METHOD FOR TREATING
CARDIAC DISORDERS BY MODULATING
AUTONOMIC RESPONSE

FIELD OF THE INVENTION

The present invention relates generally to the treatment of
cardiac disorders by recognizing, approximating and/or
locating autonomic structures in or around the heart, such as
on the surface of the heart or within the pericardial space, and
treating or manipulating these autonomic structures with, for
example, one or more of stimulation, blocking, ablation, or
denervation.

BACKGROUND

The heart is surrounded by an autonomic nervous system
(ANS) network. It is well accepted that the autonomic ner-
vous system network creates autonomic responses in the
heart. Generally speaking, a variety of nervous tissues such as
nerves, ganglia, etc., are disposed on the surface of the heart,
in the epicardium or myocardium of the heart, on the pericar-
dial sac surrounding the heart sac, within, upon or beneath the
pericardial sac.

This network of nervous tissue includes a variety of nerves
and tissue, including the neurons, axons, dendrites, plexi,
ganglia and ganglia bundles. In neurological contexts gan-
glia/ganglion are composed mainly of somata and dendritic
structures which are bundled or connected together. Ganglia
often interconnect with other ganglia to form a complex sys-
tem of ganglia known as a plexus. Ganglia provide relay
points and intermediary connections between different neu-
rological structures in the body, such as the peripheral and
central nervous systems.

Autonomic ganglia, which may be referred to as part of the
autonomic nervous system, are those ganglia that contain the
cell bodies of autonomic nerves. The autonomic nervous
system (ANS or visceral nervous system) is the part of the
peripheral nervous system that acts as a control system func-
tioning largely below the level of consciousness, and controls
visceral functions. The ANS affects, for example, heart rate,
digestion, respiration rate, salivation, perspiration, the diam-
eter of the pupils, micturition (urination), and sexual arousal.
Whereas most of the actions of the ANS are involuntary, some
actions, such as breathing, work in tandem with the conscious
mind. The ANS is classically divided into three subsystems:
the enteric nervous system, the parasympathetic nervous sys-
tem and the sympathetic nervous system. Relatively recently,
an important subsystem of autonomic neurones that have
been named ‘non-adrenergic and non-cholinergic’ neurones
(because they use nitric oxide as a neurotransmitter) have
been described and found to be integral in autonomic func-
tion, particularly in the gut and the lungs. With regard to
function, the ANS is usually divided into sensory (afferent)
and motor (efferent) subsystems. Within these systems, how-
ever, there are inhibitory and excitatory synapses between
neurones.

Other forms of ganglia include cardiac ganglia. Exemplary
forms of cardiac ganglia include, for example, retro-atrial
ganglion, interarterial ganglia, aortocaval ganglia, and gan-
glia around the Oblique Sinus of the heart. These latter gan-
glion include, for example, the left superior ganglia, the left
inferior ganglia, the right superior ganglia, and the right infe-
rior ganglia. There are additional ganglia around the Trans-
verse Sinus of the heart.

Those of skill in the art will realize that still other neural
and ganglia structures exist. A more complete discussion of
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ganglia structures and their topography can be found in
Topography of Cardiac Ganglia in the adult Human Heart.

SUMMARY

In accordance with one aspect of the invention, a method of
modulating the autonomic nervous system adjacent a pericar-
dial space to treat cardiac disorders comprises the steps of
providing a source of a treatment medium, the treatment
medium effective to, for example, modulate and/or ablate
autonomic nervous system activity, providing an apparatus,
forexample a catheter, having a proximal end and a distal end,
the distal end sized for insertion into the pericardial space at
an entry point, providing a delivery assembly for delivery of
the treatment medium, the delivery assembly having a proxi-
mal end and a distal end, the distal end arranged to be posi-
tioned by the distal end of the catheter, providing the distal
end of the delivery assembly with a delivery tip, which may
include a mapping array, the delivery tip operatively coupled
to the source, the delivery tip or the delivery assembly
arranged to position the delivery assembly or tip and to per-
form a modulation step to deliver the treatment medium to a
selected location, and/or the mapping array may be arranged
to sense a level of autonomic nervous system activity within
the pericardial space and to create an output, using the output
to position the delivery tip at a selected treatment location
within the pericardial space, and performing a modulation
step by supplying the treatment medium to the selected loca-
tion via the delivery tip.

In accordance with one or more preferred forms, the
method may include providing the delivery tip of the medium
delivery assembly with a plurality of delivery points, and
using the plurality of delivery points to disperse the treatment
medium at a plurality of treatment areas within the pericardial
space. Further, delivery tip of the medium delivery may be
provided with a dispersion means having an exposed area,
which may be used to disperse the treatment medium over a
treatment area, the treatment area greater than the exposed
area. Additional preferred steps may include using the map-
ping array after the modulation step to sense a follow-up level
of autonomic nervous system activity at the selected location,
and comparing the follow-up level of autonomic nervous
system activity to a threshold. One may determine, directly or
indirectly, whether the follow-up level of autonomic nervous
system activity is above a threshold, and then perform a
subsequent modulation step.

The preferred method may include providing a monitor
arranged to create an output, periodically using the mapping
array after the modulation step to sense a follow-up level of
autonomic nervous system activity at the selected location
and providing a subsequent output to the monitor, comparing
the subsequent output to the threshold level of autonomic
nervous system activity, and determining whether an addi-
tional modulation step is desired. It is also contemplated to
use the mapping array or other suitable mapping means after
the modulation step to sense a follow-up level of autonomic
nervous system activity at the selected location and provide a
subsequent output to the monitor, compare the subsequent
output to the threshold level of autonomic nervous system
activity, determining whether an ablation step is desired, and
perform the ablation step by supplying the treatment medium
to the selected location via the delivery tip. The method
contemplates determining an amount of the treatment
medium effective to perform the modulation and/or ablation
step, determining a desired duration for the modulation step,
and performing the modulation step for the desired duration.
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The mapping means or mapping array may be operatively
coupled to an external system such as, for example, an ECG
system, to determine effectiveness.

In accordance with an exemplary aspect, the system may
use dynamic modulation with on-line monitoring for auto-
nomic effects. This includes a specific algorithm involving
pacing from one or more poles of the array or separate cath-
eters at high and low rate timed so as not to capture atrial
myocardium. Analysis of the retrieved signals compared
prior to and after intervention will allow detection of whether
the desired result on autonomic modulation has been
achieved. Specifically, it will be possible to monitor one or
more of changes in blood pressure, heart rate, atrioventricular
nodal conduction, atrial myocardial refractory period, and
heart rate variation along with the frequency and occurrence
of the specific detected electrograms in and around the car-
diac ganglia.

In accordance with further preferred aspects, the method
includes using the mapping array after the modulation step to
sense a follow-up level of autonomic nervous system activity
at the selected location, comparing the follow-up level of
autonomic nervous system activity to a threshold, and per-
forming a subsequent permanent modulation step. Additional
preferred steps include providing the delivery tip with an
expandable portion shiftable between a collapsed state and an
expanded state, coupling the delivery tip to the expandable
portion, and expanding the expandable portion after place-
ment of the delivery tip at the location within the pericardial
space. Further steps include selecting the treatment medium
as one of electrical energy, a pharmaceutical composition, a
chemical composition, an exothermic agent, an endothermic
agent, or vibration.

In accordance with a yet further aspect of the invention, a
method of modulating the autonomic nervous system adja-
cent a pericardial space to treat cardiac disorders comprises
the steps of providing a catheter having a proximal end and a
distal end, the distal end sized for insertion into the pericardial
space, providing a delivery assembly, the delivery assembly
having a proximal end and a distal end, the distal end arranged
to be positioned by the distal end of the catheter, providing the
distal end of the delivery assembly with a delivery tip, and
providing the delivery tip with an electrode array, positioning
to the catheter to place the delivery tip at a location in the
pericardial space, using the electrode array to take a first
indication of autonomic nervous system activity at the loca-
tion, using the electrode array to apply electrical energy at the
location, using the electrode array to take a second indication
of autonomic nervous system activity at the location, and
comparing the first indication and the second indication to
determine whether the autonomic nervous system activity has
been modulated at the location. The electrical energy may
take one of a number of possible forms.

In accordance with additional preferred forms, the method
may include providing the delivery tip with an expandable
portion shiftable between a collapsed state and an expanded
state, positioning the electrode array on or within the expand-
able portion, expanding the expandable portion after place-
ment of the delivery tip at the location within the pericardial
space. Further, the method may include forming the expand-
able portion from an expandable metal material, securing the
expandable portion in the collapsed state using a sheath, and
shifting the expandable portion to the deployed state by
removing the sheath after placing the expandable portion at
the location. An expansion balloon may be coupled to an
expansion medium, and the balloon may be shifted to the
deployed state by communicating the expansion medium to
the balloon after placing the balloon at the location. Further,
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an expandable porous medium may be coupled to an expan-
sion delivery means and the medium may be shifted to the
expanded state by communicating the expansion agent or
energy to the medium after placing the active area at the
location and urging the treatment means into close contact
with the area to be treated.

Further preferred steps include providing a processor oper-
able to execute a filtering algorithm, providing an electrical
coupling between the electrode array and the processor, com-
municating the first indication to the processor as a first input
and the second indication to the processor as a second input,
using the filtering algorithm to generate to an output indica-
tive of the first indication or the second indication, and com-
paring the output to a threshold level of autonomic nervous
system activity.

In accordance with yet another aspect of the invention, a
method for modulating the autonomic nervous system adja-
cent a pericardial space to treat cardiac disorders comprises
the steps of providing a catheter having a proximal end, and a
distal end, the distal end sized forinsertion into the pericardial
space, providing a treatment source arranged to supply a
treatment medium, providing a medium delivery assembly,
the medium delivery assembly having a proximal end and a
distal end and sized to extend through the lumen of the cath-
eter, providing the distal end of the delivery assembly with a
delivery tip arranged to extend from the distal end of the
catheter and into the pericardial space, providing the delivery
tip with a plurality of electrodes, providing a connector opera-
tively coupling the delivery tip of the medium delivery assem-
bly to the treatment source, and providing the delivery tip of
the medium delivery assembly with a plurality of delivery
points for delivering the treatment medium at a plurality of
treatment areas within the pericardial space.

In accordance with yet an additional aspect of the inven-
tion, a method for modulating the autonomic nervous system
adjacent a pericardial space to treat cardiac disorders com-
prises providing a catheter having a proximal end, and a distal
end, the distal end sized for insertion into the pericardial
space, providing a source of electrical energy, providing a
delivery assembly, the medium delivery assembly having a
proximal end and a distal end, the distal end arranged to be
positioned by the distal end of the catheter, providing the
distal end of the delivery assembly with a delivery tip com-
prising a plurality of electrodes sized for placement in the
pericardial space. the plurality of electrodes operatively
coupled to the source and forming a plurality of delivery
points for delivering the electrical energy from the source to
a plurality of treatment areas within the pericardial space,
selecting a treatment location within the pericardial space,
performing a modulation step by applying electrical energy
form the source to the treatment location via the delivery tip.

In accordance with a further exemplary aspect, the system
may include a device that allows pericardial manipulation
without “leakage” of instilled material into the extra pericar-
dial space. Specifically, two containing components are cre-
ated, which may take the form of phalanges or wings on the
sheath placed into the pericardial space, and these compo-
nents may be formed of a finely enmeshed Nitinol. The com-
ponents expand on either side of the pericardium at the site of
entry. These can then be manually approximated so as to
create as new. This iteration of the sheath may be particularly
compatible with modulation options described below where
direct current energy is accomplished via a virtual electrode
created by instilled pericardial saline and for installation of
alcohol or other ganliolytic agents.

In accordance with another aspect, a method for modulat-
ing the autonomic nervous system adjacent a pericardial
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space to treat cardiac disorders comprises providing a cath-
eter having a proximal end and a distal end, the distal end
sized for insertion into the pericardial space, providing a
delivery assembly, the medium delivery assembly having a
proximal end and a distal end, the distal end arranged to be
positioned by the distal end of the catheter, providing the
distal end of the delivery assembly with a delivery tip sized
for placement in the pericardial space, the delivery tip com-
prising a movable component arranged to apply energy, for
example kinetic, mechanical or other suitable energy, to a
treatment location within the pericardial space adjacent the
delivery tip, providing a mapping array comprising a plurality
of electrodes positionable within the pericardial space, the
mapping array to sense a level of autonomic nervous system
activity within the pericardial space and to create an output,
using the output to position the delivery tip at the treatment
location within the pericardial space, performing a modula-
tion step by activating the movable component.

In further accordance with one or more of the exemplary
forms discussed herein, exemplary methods of treating may
include performing modulations/interventions of varying
durations. By varying the duration, it is possible to achieve
varying effects on the targeted treatment area. For example,
the effect of a modulation may be temporary and/or revers-
ible, or the effect of a modulation step may be irreversible in
the form of a permanent ablation or inactivation of the tar-
geted nervous tissue. Additionally, variations in duration may
be selected based on whether the condition is acute, sub-
acute, or chronic. For example, for treatment of an acute
condition, the method may consist of modulation over a rela-
tively short term measured in, for example, minutes or hours.
Once again, this modulation may be performed electrically,
mechanically, chemically, or using thermal approaches. For
treatment of a sub-acute condition, the treatment may be
performed over an intermediate term which may be mea-
sured, for example in days. One exemplary treatment for
sub-acute conditions may involve the placement of a fluid
retention element filled with, or in flow communication with,
a treatment source consisting of, for example, alcohol,
procainamide, beta blockers, or other suitable agents. These
agents may be placed in the pericardial space for a period of
days, and using the sensing functions discussed herein, or
other suitable sensing functions, the level of autonomic ner-
vous system activity may be periodically assessed over a
selected time frame. During the ensuing time period, adjust-
ment of the modulation step or permanent ablation may be
performed. In the face of chronic conditions, the treatment
may be performed over a relatively long time which may be
measured, for example, in weeks, months or years of treat-
ment. Treatment of chronic conditions may include placing
implantable devices to deliver treatment in the form of elec-
trical energy, mechanical cutting or vibration, chemical
agents, or thermal therapy. These exemplary therapies can be
delivered continuously, or the device can reside in place and
can receive inputs from a sensing component that monitors
the heartto detect a disorder that requires therapy. The system
can then deliver therapy when additional therapy is desired.

In further accordance with one or more of the exemplary
methods discussed herein, treatment may be implemented or
selected to have varying effects on the autonomic nervous
system. The disclosed system and methods may modulate the
targeted treatment area without permanently affecting that
target, such as by electrical stimulation or blocking of auto-
nomic nerve signals, without damaging the nerve. Alterna-
tively, a targeted area may be permanently modulated by, for
example, thermal, chemical, electrical, or mechanical abla-
tion/destruction of a nerve or ganglia.
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Using the exemplary system and methods described
herein, treatment of a number of cardiac disorders, as well as
autonomic disorders related to cardiac function, can be
treated by modulating autonomic response. For example, the
disclosed system and method may be used to treat cardiac
arrhythmias such as atrial fibrillation, ventricular fibrillation,
atrial or supra-ventricular ventricular tachycardias, neurocar-
diogenic syncope, inappropriate sinus tachycardia, and pos-
tural orthostatic tachycardia syndrome. Additional conditions
that can be treated include forms of heart failure such as, for
example, diastolic dysfunction and cardiomyopathy, as well
as one or more sources of pain such as cardiac and non-
cardiac related chest pain.

It may be desirable to target these autonomic responses via
ANS modulation as a means or method of treating a variety of
cardiac disorders, such as, for example, cardiac arrythmias. In
general, in at least some forms of treatment it may be desir-
able to modulate the autonomic nervous system, and to do so
without causing damage to other tissues of the heart, such as
the myocardium and/or surrounding tissues and blood ves-
sels. As disclosed herein, modulating the target means affect-
ing the normal/natural function of the targeted area in a way
that changes the physiology or physiologic activity of the
system. The means of modulation includes electrical, chemi-
cal, thermal, or mechanical modulation and/or ablation. In
electrical modulation, electrical energy is sent or otherwise
applied to the targeted are of the ANS and sends or disrupts
signals along the ANS tissue. Using direct current (DC) or
alternating current (AC), one may temporarily or perma-
nently disrupt signals along the nervous tissue.

Mechanical means may include vibrational energy to send
of disrupt signals along nervous tissue, or physically severing
or otherwise disrupting nervous tissue, while chemical means
may include the use of agents that destroy nervous tissue to
disrupt signals along nervous tissue (e.g. ethanol, phenol,
etc), or use of drugs that temporarily disrupt signals along
nervous tissue (e.g. procainamide, lidocaine), or agents to
induce signals along nervous tissue. Finally, thermal may
include the use of Radio Frequency energy to temporarily or
permanently disrupt signals along nervous tissue, or use of
cryogenic energy (cooling) to temporarily or permanently
disrupt signals along nervous tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematic view of a device for modulating the
autonomic nervous system adjacent a pericardial space to
treat cardiac arrhythmia and/or other cardiac disorders and
assembled in accordance with the teachings of a disclosed
example of the present invention.

FIG. 2 is an enlarged fragmentary elevational view of one
exemplary form ofan expandable treatment delivery tip form-
ing the treatment delivery assembly portion of the device of
FIG. 1 and shown in a collapsed or undeployed state.

FIG. 3 is another enlarged fragmentary view of the treat-
ment delivery tip of FIG. 2 showing the treatment delivery tip
in an expanded or deployed state.

FIG. 4 is an enlarged fragmentary elevational view of
another exemplary form of an expandable treatment delivery
tip shown in a collapsed or undeployed state.

FIG. 5 is another enlarged fragmentary view of the treat-
ment delivery tip of FIG. 5 showing the treatment delivery tip
in an expanded or deployed state.

FIG. 6 is an enlarged fragmentary elevational view of still
another exemplary form of an expandable treatment delivery
tip shown in a collapsed or undeployed state.
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FIG. 7 is another enlarged fragmentary elevational view of
the treatment delivery tip of FIG. 6 showing the treatment
delivery tip in an expanded or deployed state.

FIG. 8 is an enlarged fragmentary plan view of the treat-
ment delivery tip of FIGS. 6 and 7 showing the treatment
delivery tip in an expanded or deployed state from a different
perspective.

FIG. 9 is an enlarged fragmentary elevational view of still
another exemplary form of an expandable treatment delivery
tip having an electrode array and shown in an expanded or
deployed state.

FIG. 10 is an enlarged fragmentary elevational view of yet
a further exemplary form of an expandable treatment delivery
tip having an expandable electrode array and shown in an
expanded or deployed state.

FIG. 11 is an enlarged fragmentary cross-sectional view of
aheart illustrating the treatment delivery tip of FIGS. 2and 3
inserted into the pericardial space between the pericardium
and the myocardium at a first location, and further illustrating
the treatment delivery tip of FIGS. 6-8 inserted into the cur-
rent pericardial space at a second location.

FIG. 12 is an enlarged cross-sectional view of a heart
illustrating various ganglionic areas of interest and the deliv-
ery of a catheter to various locations along the heart.

FIG. 13 is another enlarged fragmentary cross-sectional
view of a heart illustrating a treatment delivery assembly
having infusion ports, suction ports, and a blocking agent
disposed in the selected treatment area and coupled to a
control unit for the treatment medium comprising a pump and
a reservoir.

FIG. 14 is yet another enlarged fragmentary cross-sec-
tional view of a heart illustrating another exemplary treatment
delivery tip having an electrode array and an infusion system
encircling a ventricle of the heart within the pericardial space.

FIG. 15 is an enlarged fragmentary plan view illustrating
an exemplary treatment delivery tip having an electrode array
and a cryogenic element.

FIG. 16 is another enlarged fragmentary plan view illus-
trating the exemplary treatment delivery tip having an elec-
trode array and a cryogenic element mounted on an expand-
able component.

FIG. 17 is another view of the delivery tip of FIG. 16
illustrating thermal insulation applied to the delivery tip.

FIG. 18 is another enlarged fragmentary plan view illus-
trating another exemplary treatment delivery tip having an
electrode array, an elongate cryogenic element, and an insu-
lative coating.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Although the following text sets forth a detailed descrip-
tion of an exemplary embodiment of the invention, it should
be understood that the legal scope of the invention is defined
by the words of the claims set forth at the end of this patent.
The detailed description is to be construed as exemplary only
and does not describe every possible embodiment of the
invention since describing every possible embodiment would
be impractical, if not impossible. Based upon reading this
disclosure, those of skill in the act may be able to implement
one or more alternative embodiments, using either current
technology or technology developed after the filing date of
this patent. Such additional indictments would still fall within
the scope of the claims defining the invention.

Referring now to the drawings FI1G. 1 illustrates a device 10
for modulating the autonomic nervous system assembled in
accordance with the teachings of a disclosed example of the
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present invention. The device 10 includes a treatment source
12 arranged to supply a treatment medium 14. The treatment
medium 14 as illustrated only schematically in FIG. 1, and
certain exemplary forms for the treatment medium 14 will be
discussed in greater detail below. A catheter 16 is shown and
includes a proximal end 18 and a distal end 20, with the distal
end 20 sized for insertion into a pericardial space. A variety of
conventional catheters available may prove suitable. The
pericardial space is not shown in FIG. 1, but will be discussed
in greater detail below. The device 10 also includes a medium
delivery assembly 22 having a proximal end 24 and a distal
end 26. The proximal end 24 of the medium delivery assem-
bly 22 may protrude from the proximal end 18 of the catheter
16. Alternatively, the proximal end 24 of the medium delivery
assembly 22 may be concealed within the catheter 16 and
accessible via, for example, a suitable access port 28. Those
of skill in the art will appreciate that the catheter 16 may be
used to position the distal end 20 of the catheter a selected
location within the pericardial space, such that the distal end
26 of the medium delivery assembly 22 may be positioned
and the desired location within the pericardial space by the
catheter 16. The distal end 26 of the delivery assembly 22
includes a delivery tip 30 arranged to extend away from the
distal end 20 of the catheter 16 into, for example, the pericar-
dial space. The delivery tip 30 may take a number of possible
forms as will be outlined in greater detail below, and in one or
more exemplary forms the delivery tip 30 may include an
expandable portion as well as some means or mechanism for
dispersing the treatment medium over an area larger than the
area of the delivery tip itself, which will be outlined in greater
detail below. A connector 32 is provided which operatively
couples the delivery tip 30 of the medium delivery assembly
22 to the treatment source 12 and hence to the treatment
medium 14. Although only a portion of the connector 32 as
shown in FIG. 1, it will be understood that the connector 32
may run through a lumen L of the catheter 16 or, alternatively,
may run along the catheter 16. Still further alternatives are
possible.

As used herein, it is contemplated that the delivery tip may
take a number of possible forms. For example, a portionof the
delivery tip may form an anchoring portion, or a separate
anchoring component may be employed. For example, the
delivery tip may have a curve or bend, and the portion of the
delivery tip that delivers the treatment medium may be carried
on an inside curve, a lateral curve, or and outside curve of a
bend, and the device may use a reversible or irreversible
anchor to urge the delivery tip/treatment means against the
target or desired area. This may be especially useful in, for
example, the oblique sinus. Those of skill in the art, upon
reading the present disclosure, will understand that the use of
the term “delivery tip” herein would include such situations
where the delivery tip includes or is used in conjunction with
a separate anchor, and would include situations where the
actual treatment delivery means or mechanism is not disposed
at the distal-most portion of the delivery assembly.

Depending on the specific form of the treatment medium
14, the connector 32 may take a variety of forms as will be
discussed in greater detail below. Consequently, the delivery
tip 30 is capable of routing or communicating the treatment
medium 14 into the pericardial space in a number of possible
manners, with specific exemplary manners to be discussed in
greater detail below. The delivery tip 30 of the medium deliv-
ery assembly 22 includes a plurality of delivery points for
delivering the treatment medium at a treatment area or at a
plurality of treatment areas within the pericardial space.

Referring still to FIG. 1, in one or more preferred forms, the
device 10 may include an electrode system or array 34. The
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electrode array 34 may take the form of one or more indi-
vidual electrodes 35. The electrodes 35 may be, for example,
either a single or a plurality of unipolar electrodes with a
common return electrode, or may be a single or plurality of
bipolar pairs of electrodes which may be contiguous or non-
contiguous. The electrode array is shown only schematically
in FIG. 1. The electrode array 34 is preferably coupled to a
signal monitoring and control system 36 by a suitable link 38
which may extend through the catheter 16, or which alterna-
tively may extend along the catheter 16, or which further may
be routed to the desired pericardial space using other conven-
tional means. The signal monitoring and control system 36
preferably is coupled to a processor 40, and the processor 40
may include a memory which may store a filtering algorithm
as a set of instructions in a computer readable medium. As
will be explained in greater detail below, the electrode array
34 may be used to sense the level of autonomic nervous
system activity within the pericardial space and, either alone
or in combination with the signal monitoring and control
system 36, will generate an output indicative of the level of
autonomic nervous system activity sensed by the electrode
array 34. Preferably, the electrode array 34, the electrode 35,
and the signal monitoring and control system 36 together
form a navigation or mapping system 37 to aid the operator in
identifying a desired or target treatment area, and in deliver-
ing treatment.

Referring now to FIGS. 2 and 3 of the drawings, an exem-
plary form of a delivery tip 130 is shown and is assembled in
accordance with the teachings of a first disclosed example of
the present invention. The delivery tip 130 is attached to or
otherwise forms the distal end 26 of the delivery assembly 22
and is shown protruding from the distal end 20 of the catheter
16. The delivery tip 130 includes an expandable end 132
which is shiftable between a collapsed state as shown in FIG.
2 and an expanded state as shown in FIG. 3. A sheath 134 may
be provided as shown in FIG. 2 in order to constrain the
expandable end 132 in the collapsed state. As shown in FIG.
3, the expandable end 132 may be formed from a number of
possible structures including, for example, an expandable
balloon, an expandable metal material such as NITINOL, or
an expandable porous medium, such as foam. Still further
structures may prove suitable. Preferably, the electrode array
34 is carried on the expandable end 132, with the electrode
array 34 including a number of individual electrodes 35, all of
which are connected to the link 38. The expandable end 132
may also include a fluid retention element 136 such as, for
example, a fabric material, a foam, a sponge. Other fluid
retention elements may prove suitable. The expandable end
132 is connected to a suitable conduit which in turn is con-
nected to or forms a part of the connector 32 discussed above
with respect to FIG. 1. Consequently, by routing the treatment
medium 14 from the source 12 into the expandable end 132,
the expandable end 132 may be expanded to the expanded or
deployed state of FIG. 3. Upon delivery, the expandable end
132 may expand into a given space such as, for example, the
pericardial sac, the transverse sinus, the oblique sinus, etc. In
accordance with the example disclosed in FIGS. 2 and 3, the
electrode array 35 mounted on the expandable element 132
can be used as part of the mapping system 37 for mapping
(i.e., to navigate to the desired treatment site, and to determine
the orientation of the expandable end 132 at or adjacent to the
treatment site). In further accordance with the example dis-
closed in FIGS. 2 and 3, the electrode array 35 may be used to
deliver the treatment medium 14 in the form of energy to a
selected treatment site. When energy is selected as the treat-
ment medium 14, the energy may take a variety of forms such
as, for example, radiofrequency (RF) energy, direct current

5

20

25

30

40

45

60

65

10

(DC) energy, or pulsed electric fields (PEF). Consequently,
by delivering energy in any one of the chosen forms, it is
possible to modulate nerve signals, such as by blocking ner-
vous system activity, stunning the nervous system activity, or
permanently ablating the nervous system activity. In the
example of FIG. 3, when a chemical or pharmaceutical agent
is selected as the treatment medium 14, the expandable end
132 may be connected via the connector 32 to the treatment
source 12 in order to form an infusion system 134 to deliver
chemical agents (drugs, alcohol, etc) to the expandable end
132 and hence into the cardiac space. As an alternative, the
expandable end 132 may contain or be covered with the fluid
retention element 136 to hold the selected treatment medium
in a confined area to prevent damage to surrounding tissues.
In cross-section, the expandable end 132 may be relatively
flat to allow for deployment and positioning in the pericardial
space.

Referring now to FIGS. 4 and 5, another exemplary form of
a delivery tip 230 is shown and is assembled in accordance
with the teachings of a second disclosed example of the
present invention. The delivery tip 230 again is attached to or
otherwise forms the distal end 26 of the delivery assembly 22
and is shown protruding from the distal end 20 of the catheter
16. In the example of FIGS. 4 and 5, the expandable end 232
forms a design for facilitating directional deployment of the
selected treatment medium 14. Preferably, the electrode array
35 is carried on the expandable end 232, with the electrode
array 35 including a number of individual electrodes, all of
which are connected to the link 38. As with the example of
FIG. 3, when a chemical or pharmaceutical agent is selected
as the treatment medium 14, the expandable end 232 may be
connected via the connector 32 to the treatment source 12 in
order to form an infusion system 234 including a plurality of
spaced infusion ports 236 which may function to deliver
chemical agents (drugs, alcohol, etc.) to the expandable end
232 and hence into the cardiac space. The expandable end 232
may be expanded in a manner similar to that discussed above
with respect to FIGS. 2 and 3, and may, like all the exemplary
delivery tips outlined herein, use a sheath to maintain the
expandable end in the collapsed state during delivery.

The shaft of the catheter 16 may include or contain differ-
ential coatings 235 such as, for example, echogenic coatings,
radiopaque coatings, or other coatings, to allow the operator
to visualize the orientation of the catheter/delivery tip 230
once it is in position within the desired cardiac space. All
other delivery tips outlined herein may also use such coatings
as a navigation and deployment aid. The expandable end 232
again preferably includes the electrodes 35, which may be
mounted on any surface of the expandable end 232. As with
any of the electrodes discussed herein, the electrodes prefer-
ably are labeled to allow the operator to know which elec-
trodes are on which side of the expandable element, which
serves to facilitate orientation of the device during delivery.
Alternatively, the electrodes may be disposed on only a single
surface of the delivery tip 230 to allow for differential map-
ping of tissue to allow for orientation. In accordance with the
disclosed example, the ports 236 of the infusion system 234
may be positioned and/or oriented to have directional capa-
bilities, and thus may deliver the treatment medium 14 in line
with the orientation of the electrodes/catheter coatings. Fur-
ther, the expandable end 232 may contain or be covered with
a fluid retention element of the type discussed above with
respect to FIGS. 2 and 3, and also may contain or be covered
by a polymer cover 237 in an orientation which would contain
or otherwise prevent the treatment medium 14 being deliv-
ered from leaking back towards surrounding tissues.
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Referring now to FIGS. 6-8, a still further exemplary form
of adelivery tip 330 is shown and is assembled in accordance
with the teachings of a second disclosed example of the
present invention. The delivery tip 330 again is attached to or
otherwise forms the distal end 26 of the delivery assembly 22
and is shown protruding from the distal end 20 of the catheter
16. In the example of FIG. 6, the distal end 26 of the delivery
assembly forms a conduit for directing the treatment medium
14 in the form of a fluid into the pericardial space. In the
example of FIGS. 7 and 8, an expandable end 332 forms a
design for facilitating directional deployment of the selected
treatment medium 14. Preferably, the electrode array 34 is
carried on the expandable end 332, with the electrode array 34
including a number of individual electrodes 35, all of which
are connected to the link 38. As with the examples discussed
above, when a chemical or pharmaceutical agent is selected as
the treatment medium 14, the expandable end 332 may be
connected via the connector 32 to the treatment source 12 in
order to form an infusion system 334 including a plurality of
spaced infusion ports 336 which may function to deliver
chemical agents (drugs, alcohol, etc) to the expandable end
332 and hence into the cardiac space. The expandable end 332
may be expanded in a manner similar to that discussed above
with respect to the above-described Figures, using any suit-
able expansion medium. In the example of FIG. 6 and in the
example of FIGS. 7 and 8 the delivery tip 330 includes a pair
of expandable containing elements 338 which, in accordance
with the exemplary form shown, may function to contain a
chemical agent within a cardiac space. The containing ele-
ments 338 may be formed from a variety of structures or
materials, such as an expandable metal such as NITINOL,
foam, a balloon, or other structures. The containing elements
338 serve to contain the treatment medium 14 within a
selected space and also serve to prevent the treatment medium
14 from migrating or leaking to other areas. The containing
elements 338 can be delivered in a collapsed state during
catheter positioning and then may be expanded before
therapy, and may be constrained with a sheath of desired. As
a further alternative, there may be additional containing ele-
ments 338 disposed at additional locations along the catheter
which can be positioned in any configuration. FIG. 6 shows a
version with proximal and distal containing elements 338
disposed proximally of the distally located electrodes. FIG. 7
shows spaced apart proximal and distal containing elements
338, with electrodes 35 and infusion ports 336 disposed
between the containing elements 338. Additionally, the
example of FIGS. 7 and 8 includes a dorsal containing ele-
ment 339 which extends between the proximal and distal
containing elements 338.

Referring now to FIGS. 9 and 10, another exemplary forms
of a delivery tip 430 are shown and are assembled in accor-
dance with the teachings of a further disclosed example of the
present invention. The delivery tip 430 again is attached to or
otherwise forms the distal end 26 of the delivery assembly 22
and is shown protruding from the distal end 20 of the catheter
16. The delivery tip 430 in each of FIGS. 9 and 10 include
expandable ends 432 which carry the electrodes 35. As out-
lined above, the electrode array 34 and the individual elec-
trodes 35 are coupled to the link 38, and may form a portion
of the mapping system 37. If energy is selected as the treat-
ment medium, the electrodes/electrode array also acts to
deliver the treatment medium in the form of electrical energy.
In each of the example shown, the electrodes 35 are oriented
on long wire strands, which may take the form of an expand-
ing fan shape (FIG. 9) or along a more rectilinear frame or
array (FIG. 10). In the example of FIG. 9, the strands are
constructed of multiple independent wires which can be
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pushed into the cardiac space and then positioned to deliver
energy as the treatment medium. FIG. 10 shows a version
with electrodes mounted on an expandable frame which can
be placed in the cardiac space. These constructions could also
be combined with, for example, the construction of FIGS. 6-8
to concurrently deliver an agent along with the energy.

FIG. 11 illustrates the delivery of two of the above-de-
scribed embodiments at different locations into the pericar-
dial space. The enlarged fragmentary cross-section of the
heart shows the pericardium A, the myocardium B, and the
pericardial space C between the pericardium A and the myo-
cardium B. It will be understood that autonomic nervous
tissue such as cardiac ganglia will reside in the pericardial
space C. The top portion of F1G. 11 shows the delivery tip 130
of FIGS. 2 and 3 delivered into the pericardial space C via an
entry point D. The expandable end 132, when expanded,
would fill a portion of the pericardial space C. Specifically,
the expandable end 132 would expand to extend between the
myocardium B and the pericardium A, and also would expand
along the pericardial space in a direction perpendicular to the
plane of the drawing. Consequently, the electrode array 34
spreads out to occupy a greater space, as does the fluid reten-
tion element 136.

Similarly, the bottom portion of FIG. 11 shows a delivery
tip which may be the delivery tip 330 of FIG. 6 delivered into
the pericardial space C via another entry point E. The con-
taining elements 338 are expanded on opposite sides of the
pericardium in order to effectively seal the entry point E. The
infusion ports 336 of the infusion system 334 are disposed
inside the pericardial space C in order to deliver the treatment
medium 14 as a liquid agent. The electrodes 35 of the elec-
trode array 34 are also disposed in the pericardial space C.

FIG. 12 illustrates the delivery of the catheter 16 to various
locations along the heart. In the exemplary deployment of
FIG. 12, the catheter 16 is positioned along the transverse
sinus of the pericardial space and then navigated along the
trunks of the superior vena cava, the aorta, and the pulmonary
arteries. This exemplary positioning disposes the catheter 16
adjacent multiple clusters of ganglia, each of which can then
be modulated by the electrodes 35 of the mapping system 34,
and each of which can then be subjected to treatment using
any one or more of the exemplary delivery tips described
herein to deliver any one of the possible treatment mediums
described herein Further, in the example of FIG. 12, the
electrodes 35 are positioned at various locations along the
catheter labeled F1, F2, and F3. Such a positioning may
enable the creation of a bipolar energy delivery field to facili-
tate broad area coverage at each of the locations F1-F3.

FIG. 13 shows another exemplary delivery tip 530
assembled in accordance with the teachings of another dis-
closed example of the present invention. The delivery tip 530
is shown coupled to the treatment source 12 in the form of a
reservoir for holding a liquid treatment medium. The delivery
tip 530 includes a fluid infusion system 534 having a plurality
of spaced apart infusion ports 536 for delivering any one of
the selected treatment mediums described herein from the
reservoir via the link 32 in the form of a suitable conduit. The
delivery tip 530 also includes containing elements 538 to seal
the pericardial space C, and further includes a plurality of
suction or evacuation ports 537 to selectively withdraw the
treatment medium via a suitable return conduit 539. In the
example of FIG. 13, the infusion catheter 16 is placed into the
pericardial space C and attached to a suitable infusion pump/
control system 548 which preferably may be implanted any-
where in the body (e.g. subclavian, subdermal, abdominal
cavity, etc.). One or more sensors 540 can be placed along the
body of the catheter/delivery tip, in the pericardial space C, on
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the surface of the heart, within the myocardium, or on the
surface of the body. In some preferred forms, communication
between the sensors 540 and the control may be accom-
plished via wireless transmission. The sensors 540 determine
if a cardiac event is occurring (arrhythmia, infarction, etc),
and then communicate to the pump/control unit to deliver an
agent into the pericardial space C via the infusion catheter.

FIG. 14 shows another exemplary form for a delivery tip
630 assembled in accordance with the teachings of an addi-
tional disclosed embodiment. In the specific application illus-
trated, the catheter/delivery system is positioned to modulate
nerve tissue along the ventricles of the heart within the peri-
cardial space C. The catheter 16 may be positioned to encircle
the epicardial surface of the ventricles, and then may modu-
late the adjacent nerve tissue. The delivery tip 630 includes a
plurality of the electrodes 35 spaced along a length of the tip,
and furtherincludes aninfusion system 634 having a plurality
of spaced apart infusion ports 636. The modulation can be by
infusion of an agent and/or delivery of energy via the elec-
trodes 35 along the catheter 16. The catheter can be oriented
and aligned such that the infusion ports are positioned to
deliver the agent at the top of the ventricles and allow the
agent to seep down over the surface of the ventricles.

FIGS. 15-18 show several additional delivery tips
assembled in accordance with further teachings of the dis-
closed invention. Each of the examples of FIGS. 15-18 illus-
trate various forms of a cryogenic delivery tip 730 for deliv-
ering thermal energy to selected nerve tissue. FIG. 15 shows
the cryogenic delivery tip catheter with a cryogenic element
732 positioned opposite a series of spaced electrodes 35,
again for mapping, navigation, and orientation as outlined
elsewhere herein, and can be utilized by the operator to orient
the catheter 16 with the cryogenic element 732 against myo-
cardium. The delivery tip 730 preferably includes an cover-
ing/coating 734 formed of a suitable insulating material. The
insulation prevents thermal energy from damaging or affect-
ing other tissues.

FIG. 16 illustrate a slight variation on the delivery tip 730,
as the cryogenic element 732 is carried by an expandable
element 733. The expandable element 733 may be made the
same as any of the other expandable elements discussed
herein, and may be expanded using any of the exemplary
expansion mediums discussed herein. In the example shown,
the catheter 16 can be delivered with the cryogenic element/
expandable element in a collapsed state, and then the expand-
able element can be expanded to provide broad surface cov-
erage of the cryogenic element over myocardium. The
expandable element can have a relatively flat cross-sectional
shape to facilitate placement in the pericardial space. Finally,
FIG. 18 shows the cryogenic element 732 having an elon-
gated configuration with a corresponding larger elongate sur-
face area. Electrodes 35 are spaced apart along the delivery
tip. This version may be particularly useful for cooling the
ventricle.

In further accordance with one or more preferred forms of
the invention, there may be certain methods and functional-
ities that may be, depending on the specific form of imple-
mentation, common across the various devices and methods
discussed herein. For example, it is preferable to implement a
system in which it is possible to navigate within the pericar-
dial space to a targeted treatment area, identify the area to be
treated, and to assess the effectiveness both during the proce-
dure and after the procedure. These methods may include, for
example, ultrasound visualization, electrical-mapping, and
filtering of electrical signals detected by, for example, the
mapping array discussed herein. Such systems may enable
oneto visualize and detect ganglia, treat the ganglia, and then
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assess the status of the ganglia. The status may include
whether the has been stunned, killed, or not killed. Such an
assessment allows for a sub-acute treatment in which therapy
is provided over a course of days, one or more periodic
assessments are performed, and then the therapy may be
made permarnent if the assessment indicates that the therapy
has the desired effect. In general, the systems and method
outlined herein may allow treatment of the ANS while not
affecting the myocardium.

In one or more of the exemplary devices and methods
discussed herein there are a number of exemplary ways to
monitor autonomics during therapy, in preparation for
therapy, or after therapy. For example, use of the electrodes or
electrode array, which may include closely spaced bipole
electrodes, coupled with the use of an algorithm to filter out
far-field signals of certain frequencies. One possible exem-
plary algorithm may be based on using the derivative of the
electrogram voltage itself. Preferably, the system may be able
to pick up the signals while excluding the cardiac myocyte
related signals. An additional concept would be to use
dynamic recordings; (i.e. an operator could use subthreshold
stimulation or rapid stimulation and then use the effects onthe
recorded electrograms to better define what the autonomics
are). Further, a pressure sensor or a piezoelectric crystal will
help detect myocardial contraction when we are stimulating
and whichever contraction signal correlates with an electro-
gram when captured would allow exclusion of that particular
electrogram since capturing that leads to muscle capture and
thus is likely myocyte generated. Finally, looking at effects on
cardiac rhythm or function could also be used; i.e. non-exci-
tatory impulses placed at the site of recording a particular type
of signal that would result in noncapture-electrophysiology
results (change in refractory period, contractility, inducibility
ofarrhythmia etc.) would be used to allow deducing that these
signals are in fact autonomic nerves.

Inaccordance with one or more preferred aspects, it may be
desirable to specifically identify the signals targeted for
manipulation and subsequent modulation. One goal is to
identify electrograms arising from the cardiac autonomic sys-
tem, retroatrial ganglia, and related structures, and distin-
guish these electrograms from those arising from the atrial,
ventricular, and related myocardium.

One aspect of this distinguishing algorithm looks at the
frequency of signals. For example, if the frequency of the
recorded signal is greater than 50 Hz these are unlikely to be
originating from myocardium. However, these signals even
when above this frequency cut off are detected may be by
themselves misleading since overlapping cardiac structures
may be giving rise to the impression of frequently firing
myocardial cells. Thus further aspects of this disclosure may
clarify when high frequency signals do indeed represent neu-
ronal ganglia or related structure activity.

One of the ways proposed to make this distinction involves
template matching of the electrogram morphology. The 50 Hz
(or similar value) cut off will apply only if there is a greater
than 80% (or similar value) match in morphology of the
electrograms being counted for frequency determination.
Thus using this refinement of the filtering algorithm overlap-
ping structures which may be detected as rapid firing but will
have minimal similarity in electrogram morphology will be
excluded.

To further refine the accurate detection of these electro-
grams involves a dynamic algorithm where rapid stimulation
at frequency in two ranges, one where myocardial capture is
expected to occur at least intermittently and a second where
myocardial capture is unlikely to occur. The recorded elec-
trograms are compared pre and post burst stimulation at the
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above two frequencies. The disappearance of one set of sig-
nals at relatively lower frequencies suggests that those signals
were myocardial in origin and the failure for lower frequency
stimulation to effect another group of signals which then are
decreased or disappear at higher rate stimulation would be
diagnostic of a non-cardiac (neuronal) origin for those sig-
nals. The now identified myocardial signals are specifically
filtered based on their electrogram characteristics and
retained in the devices memory. Following the “intervention”
(ablation, stimulation, blocking, alcohol, etc., or any of the
treatment means outlined herein) are reacquired to assess
efficacy of the intervention.

Additional monitoring of autonomics could be accom-
plished through the use of veratrum alkaloids to monitor for
modulation and/or ablation efficacy. Veratrum causes brady-
cardia and hypotension, and these could be used as endpoints
during modulation and/or ablation, whether the ablation or
means of ablation is energy-based (RF, AC, DC, etc.) or
chemical based (alcohol, etc.), and to determine when treat-
ment has been successful. For example, Veratrum can be
given, the modulation/ablation procedure can be started, and
then the modulation/ablation is continued until the bradycar-
dia and hypotension is no longer detected.

An alternative agent to use to create the aforementioned
endpoints and that can be used as surrogates to monitor for
treatment efficacy is Ouabain. Ouabain applied to the epicar-
dial surface (infused into the pericardial space) causes brady-
cardia and hypotension. Once again, a modulation/ablation
procedure (energy based—RF, DC, etc or chemical based—
alcohol, etc) can be performed after Ouvabain administration
and continue until the hypotension and bradycardia disap-
pear.

The identification of ganglia and the navigation to selected
ganglia may be accomplished by sensing the ganglia signals,
amplifying the ganglia signals, and then filtering out the
myocardial electrograms. This may be accomplished in at
least one of three exemplary manners. First, a very-low noise
amplifier could be used with, for example, a 10 KHz band-
width. This arrangement could act as a front-end to pick up
signals from inside the heart, over the ganglia plexi. A high
frequency, high-pass filter could be used in order to minimize
the effect of motion and in order to filter out and/or ignore
intra-cardiac electrograms (which would saturate the high-
gain amplifier).

Second, near-field and far-field signals may be compared.
Inaccordance with this concept, if the near-field signal profile
is very similar to the far-field signal profile, then the delivery
device is probably disposed in muscle, such as the myocar-
dium. However, if the differences between the near-field sig-
nal profile and the far-field signal profile is distinctly different
and surpasses a threshold, then the delivery device is probably
disposed in nervous tissue, since far-field signal profile will
be weighted towards the abundant musculature. Accordingly,
it would be desirable to have a narrow-to-wide variable tip
recording system. In such an implementation, the closely
spaced bipoles would be compared to the more widely spaced
bipoles, with morphology/template matching to distinguish
nerve from muscle.

Next, a catheter-based imaging system may be employed,
which may include thermal spectral imaging, either alone or
in combination with electrograms. This may serve to distin-
guish the autonomics from underlying myocardium. A lower
thermal profile with rapid electrograms, even with overlying
atrial fibrillation, could help distinguish these structures.

In further accordance with one or more exemplary forms
disclosed herein, it may be desirable to use radiopaque and/or
echogenic coatings on the catheter in order to assist visual-
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ization during the preparation and performance of the treat-
ment procedure. These or other sensing components or meth-
ods may be used with treatment of chronic conditions in order
to sense, actuate, and treat such conditions. Such sensors may
be direct, in which the electrode or electrode array is disposed
within the pericardial space, on the myocardium, or on the
epicardium. Such sensors also may be indirect, in which the
sensor may be worn externally on the skin.

In many applications, it may be desirable to stimulate or
block nerve signals using a low current density so as not to
capture cardiac muscle. The stimulation may be performed
during diastole (when cardiac muscle is not contracting and is
not electrically as active).

When performing one or more of the methods outlined
herein, it may be desirable to leave the catheter or other device
in place in the transverse or oblique sinus. Consequently,
there it may be desirable to anchor the catheter and/or the
device in place in order to prevent the device from migrating
to the ventricle or otherwise migrating out of the desired
treatment area. Exemplary forms of anchoring the device may
include, for example, mechanical means such as screws,
barbs, or balloons, polymers such as clues or gels, or energy
means such as RF welding to attachments to tissues such as
the epicardial surface of the heart or to the pericardial sac.

Those of skill in the art will understand that the modulation
of the cardiac autonomics poses one or more are possible
challenges. These potential challenges include recording
autonomic activity (for navigation to the autonomics and for
feedback of therapeutic efficacy. It is understood that the
autonomics may be a number of autonomics which are dis-
posed in number of locations which may be dispersed across
a relatively wide area, and which may need to be modulated
simultaneously or nearly simultaneously. The autonomic
preferably are modulated without damaging, activating, or
otherwise affecting the myocardium or other structures such
as the aorta, the esophagus, the vagus nerve, etc.

The methods and devices outlined herein may offer a num-
ber of general solutions to one or more of the foregoing
challenges and concerns. The devices and methods disclosed
herein contemplate a number of different means or mecha-
nisms as well as approaches to recording the autonomic activ-
ity as discussed above with respect to how to navigate, iden-
tify and assess autonomic activity at a selected location.
Additionally, the use of chemical and/or pharmaceutical infu-
sion into various spaces in the pericardial sac, such as the
oblique sinus, the transverse sinus, the aortocaval sinus, or the
entire pericardial space, etc, may enable coverage the very
broad area which exceeds the actual area of the inserted
device. Further, the use of devices or delivery tips with
expandable elements such as expandable metal materials
such as NITINOL, a mesh material, an expandable balloon, or
other expandable structures, enables the device to carry elec-
trodes and/or agents (via sponges, foam, etc) to a relatively
large areas (see, for example, FIGS. 2-10). Finally, the use of
modulation in accordance with the teachings discussed herein
means that it is possible to affect nervous tissue (autonomics)
without affecting the myocardium. This may be accom-
plished using, for example, low energy/frequency RF or DC
modulation/ablation, vibration energy selective for autonom-
ics, as well as chemical, pharmaceutical or other agents.
Electrical Energy for Mapping, Sensing, Modulation and/or
Ablation

In further accordance with one or more exemplary forms
outlined herein, modulation/ablation may be accomplished
through the use of AC or DC electrical energy to block nerve
signals, stimulate nerve signals, or ablate nerve tissue. Sig-
nals from autonomic ganglia may be blocked by positioning
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electrodes or an array of electrodes in selected pericardial
spaces such as the oblique sinus, the transverse sinus, or other
pericardial spaces). The electrodes can be mounted on any
one of the expandable element discussed herein to provide
broad or dispersed coverage. It is also contemplated to use
saline or other fluid to act as a virtual electrode in order to
again provide broad or dispersed coverage, and to use con-
taining elements of the type outlined herein in order to seal a
given space to contain the treatment fluid.

When electrical energy is selected as the treatment medium
the electrodes could provide high frequency AC signals to
modulate, down-regulate or block signals on nerves or within
ganglia. Further, the system may provide pulsed electric
fields (PEF) to destroy nerve tissue (see U.S. Published Patent
Application No. 20070265687). Direct current (DC) may be
useful to selectively inactivate or destroy myelin and/or non-
myelinated nerves. The energy required to block/ablate is
preferably chosen so as not to damage or modulate the myo-
cardium.

Further, when electrical energy is selected as the treatment
medium, the electrodes could provide high frequency AC
signals to modulate, down-regulate or block signals on nerves
or within ganglia; further, it could provide pulsed electric
fields (PEF) to destroy nerve tissue (see U.S. Published Patent
Application No. 20070265687). Direct current (DC) may be
useful to selectively inactivate or destroy myelin and/or non-
myelinated nerves—Energy required to block/ablate nerve
without damaging or modulating myocardium.

The threshold for tissue destruction varies based on the
type of tissue and its state of health. For example, nerve tissue
has a different threshold for injury or ablation than cardiac
muscle. Since our approaches involve modulation of tissue
from the external surface the proximity itself of the nervous
system related structures when compared to muscle allows an
increased likelihood that the nervous tissue will be modified
without necessarily resulting muscle damage. Further, certain
energy forms such as low coulomb direct current energy
rarely causes permanent muscle damage but frequency may
result in temporary or permanent ablation of some types of
peri-cardiac nerve tissue. Also for another example, nerve
tissue itself may have different thresholds for injury. Myeli-
nated fibers may be less susceptible to direct current or radiof-
requency beams compared to non-myelinated fibers while the
propensity for damage or ablation when using a chemical
agent such as alcohol yields opposite results (myelinated
fibers more susceptible than non-myelinated fibers). The
assessment and deployment of energy delivery or chemicals
can therefore be done in a manner to target specific types of
tissue or within a group of tissue specific types of fibers
depending on the type of heart rhythm or other cardiac dis-
turbance being modulated. Thus, although the same regional
autonomic fibers may be targeted with therapy based on the
threshold to injury the type of energy delivered, whether or
not DC current or RF energy or chemicals are used treatment
can be individualized for thythm disturbances versus decreas-
ing cardiac pain.

One or more of the devices outlined herein provide elec-
trodes in direct contact with ganglia or ganglia bundles, such
as by mounting the electrodes one or more of the expandable
elements discussed herein in order to achieve broad or dis-
persed surface coverage, or by mounting the electrodes in a
dispersed array of independent wires such as is found in
FIGS. 9 and 10. Further, the electrodes may effectively make
in direct contact with the desired treatment area by exposing
the electrodes to a hypertonic saline or other fluid delivered to
the pericardial area, with the electrodes communicating alter-
nating current (AC) and/or direct current (DC), thus turning
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the fluid into a “virtual electrode” which effectively contacts
the nerve tissue to block or ablate/denervate a tissue (see any
of the foregoing embodiments with infusion ports). The fluid
fills the selected space and thus carries the DC or other elec-
trical current to the selected area to either activate, block, or
ablate nerve tissue/autonomics. This allows both broad field
coverage and the ability to modulate nerve activity at a dis-
tance.

The electrodes or electrode arrays mentioned herein may
be used to stimulate nerve tissue, or to stimulate receptors on
cardiac tissue. The electrodes may be used to stimulate recep-
tors on the atria, which when stimulated increase the sinus
rate, and thus electrodes cold be placed in this region to
stimulate and to pace the heart. The stimulating or blocking
electrodes specifically designed to have preferential effects
on the nerve fibers emanating from the cardiac ganglia and
either inserting into the heart muscle or fibers that emanated
from the heart muscle and will traverse one of the ganglias.
However, these electrodes may also be used to target for the
desired effect the ganglia themselves, the ganglia and under-
lying heart muscles, or in some instances unique transitional
or receptor cells that form the interface between the nerve
fibers and the heart muscles. In some instances unique tran-
sitional or receptor cells form the interface between the nerve
fibers and the heart muscles.

The electrodes or electrode arrays mentioned herein may
be used to down-regulate or block nerve tissue, or to modulate
receptors on cardiac tissue. The electrodes may be used either
directly or via receptors on the atria, which when blocked
decrease the sinus rate, and thus electrodes could be placed in
this region to control or reduce heart rate.

A stimulation threshold could be determined as a level at
which there would be enough to activate ganglia, but not
enough to activate the myocardium (either ventricular or
atrial), and this approach would prevent the treatment from
being proarrhythmic.

There may be a combination of electrical energy and a
chemical agent to stun, block, or ablate autonomic tissue.
This combination would allow for the targeting of autonomic
tissue or cardiac pain fibers (e.g. relatively low-power energy
and relatively low concentration of agent) without damaging
myocardium as the nervous tissue will be more sensitive to
these modulation means than will myocardium. Specific
examples of such approaches include the use of low energy
AC/DC/RF combined with alcohol. It may be preferable to
use alcohol as the irrigating medium along with AC, DC or
RF, since it may be desirable to use a low enough Ac and/or
DC energy level solely for neuro-blocking or electrolysis,
along with the alcohol for a similar effect. By changing the
relative proportion of AC energy, DC energy, RF energy, and
the alcohol irrigation could allow differential ablation of one
specific component of either the autonomic nerves or the
cardiac pain fibers.

The disclosed catheter and deliver systems outlined herein
may be used to deliver energy or a chemical agent to stun,
block, or ablate autonomics near the transverse sinus. Based
on anatomy, it may be important in at least some applications
to completely or nearly completely encircle the main pulmo-
nary trunk, while still having a catheter seated in the trans-
verse sinus. We thus envision a catheter/delivery assembly
capable of placement within the transverse sinus, which may
also have a blunt tip that is deflectable and extendable from
the main catheter body. The extendable tip will be pushed
forward and will course between the SVC and the main pul-
monary artery trunk, lateral to the ascending aorta and circle
anterior to the main pulmonary trunk. The catheter/delivery
assembly may then clasp in a lasso or ring-like conformation
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around the medial or leftward portion of the main pulmonary
arteries (see FIG. 14). This design would specifically be help-
ful for the sympathetic and other autonomic ganglia located
in proximity to the superior vena cava and around the pulmo-
nary trunk. This additional catheter/delivery assembly design
could be an addition to the primary dual surface transverse
sinus catheter described above with the extendable element
extended to go completely around either or both of the great
arterial trunks.

The delivery assembly may have multiple electrodes posi-
tioned along the length of the delivery tip, such as is seen in
many of the foregoing Figures, order to create a bipolar field
over which energy could be delivered between electrodes and
thereby create a larger field in which to stun or ablate nerve
tissue within the field. The stimulatory electrodes may be
mounted on the expandable element as shown in numerous of
the foregoing embodiments, or mounted on multiple indepen-
dent wires as shown in FIGS. 9 and 10, and may be placed in
the oblique sinus for high-rte stimulation of autonomic tone
of the atria or in the region of the aorto-caval ganglion for
atrial rate control and to treat ventricular fibrillation.
Mechanical Energy for Mapping, Sensing, Modulation and/
or Ablation

The present device and method also contemplates modu-
lation/ablation using mechanical energy. For example, the
delivery assembly may use a piezoelectric element to perform
one or more of a mapping function in order to find the auto-
nomics, to stun the autonomics at a selected treatment areas,
to assess the result of treatment, and to use vibrational energy
created by the element to ablate or kill local autonomic activ-
ity at the selected treatment area. Ablation may also be per-
formed using HIFU, AC or DC.

Other mechanical means may include the use of abrasion
element or a blade device to perform a local neurectomy. The
device may function to locate and/or orient the treatment
delivery tip assembly and then mechanically disrupts the
relevant tissue. Such a device may also include serrated/
barbed edges, blades or other elements, which elements may
be arranged to rotate against pericardial sac and/oragainst the
epicardial wall of the atrium. Additionally, vibrational energy
in the form of either piezoelectric vibration or mechanical
vibration may be useful in order to terminate ventricular
and/or atrial fibrillation.

Chemical Agents for Modulation and/or Ablation

The present device and method also contemplates the use
of chemical agents for modulation, blocking, and/or ablation
of autonomic nerve signaling. The delivery assembly may
include a pump/reservoir system, which preferably utilizes
the catheter, to deliver an agent into the pericardial space to
block/stun, or kill/ablate nerve tissue. Exemplary devices
could be placed by the subxyphoid approach, and may
include an anchoring/stabilizing expandable element (bal-
loon, nitinol, etc., of the exemplary forms discussed above, to
prevent the device from slipping back into the thoracic cavity
(see FIGS. 6-8, 11 and 13) A chemical delivery device infuses
an agent through a port or array of diffusion ports, and could
have additional ports for removing the agent and/or flushing
the space with saline/water after the agent has been removed.

A supply source and/or a pump preferably is connected to
the sensing array or system, and if arrhythmia is detected the
system can dispense a suitable chemical agent into pericardial
space or to another targeted treatment location. A suitable
electrode sensor could be placed in the pericardial space, on
the epicardial surface, within the myocardium, or on the skin
to sense ECG signals or other signals to detect a cardiac
disorder (e.g. arrhythmia). The system may then activate the
pump in order to dispense the agent. Further, the could be
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dispensed from a catheter placed in any pericardial space
(oblique sinus, transverse sinus, pericardial sac, etc.). The
agent could be any agent that temporarily blocks nerve sig-
naling such as, for example, Bupivocaine, lidocaine, a cooled
fluid, procainamide, etc. The pump/reservoir could be located
externally, or in the thoracic cavity, or subdermally (for ease
of refilling).

A system employing a chemical agent and an associated
pump, etc., could readily be combined with other means (e.g.
instill the agent, and then use mechanical, thermal, or electri-
cal means to further enhance modulation) In one exemplary
embodiment, a selected space (pericardial, sinuses) could be
instilled with saline which acts to carry RF, AC or DC energy
to alarge area. The space could be filled with alcohol and then
energy could be delivered using one or more of the above-
mentioned mechanisms, such as RF, AC, DC, etc., or
mechanical means. Alternatively, one of the above-described
expandable devices could be used and could contain both a
sponge/mesh for delivering agent and also contain electrodes
for delivering energy (see FIGS. 2 and 3 for example).
Another contemplated version expands from a compressed
state for delivery through the catheter and then shifts to an
expanded, deployed state upon exiting the catheter (e.g. niti-
nol mesh/framework, balloon, foam, etc). The expanded
device would provide greater surface area coverage for modu-
lating the tissue and also could conform to a given space (e.g.
oblique sinus ortransverse sinus). The expanded device could
contain or be covered by a sponge/fabric/foam which could
retain the agent to be delivered to contain the agent to a given
area (i.e. prevent damaging surrounding tissues) and also
keep the agent at the area for a longer period of time (prevent
the agent from being washed away).

The expanded device could contain or be covered with
electrodes which could be used for mapping/orientation or for
delivering energy to stun/kill/denervate nerve tissue. The
catheter with an expandable element (mesh, sponge, foam)
carrying a drug combination to a given pericardial space. In
terms of specific drug combination, the use of a fixed mixture
of procainamide along with an alpha-blocker such as phen-
tolamine or phenoxybenzamine along with a viscous gel and
alcohol. This could be exuded through the pores of the
sponge-like element and, which in tum, is temporarily
inserted in the pericardial space, to assess efficacy for a few
days and then the same catheter/element set used for more
permanent ablation either by an injection of a greater strength
of the same agents, different agents, or the combination of
agents and electrical energy (RF, AC or DC) using electrodes
mounted on the expandable element.

Pump/system could be used acutely (fill space with
agent—treat—then remove device) or chronically (implant-
able pump system to periodically deliver agent or deliver
agent based on actuation by sensor component). Pump (cath-
eter version) could have an expandable element(s) that
attaches to or protrudes from catheter (balloon/nitinol mesh/
foam) which expand and can contain the delivered agent to a
givenspace (see FIG. 13). Pump (catheter version) could have
means to provide orientation of the device within a given
space. Orientation could be provided by differential coatings
(e.g. one side of the catheter is coated with an echogenic or
radiopaque coating that could be seen by ultrasound or x-ray
respectively. Alternatively, orientation could be provided by
electrodes on the catheter or on a device that protrudes from
the catheter. (See FIG. 5).

For treatment in the Transverse Sinus, the catheter would
be oriented to place the electrodes in contact with myocar-
dium. This would allow the operator to receive an ECG signal
from the myocardium and know that the catheter is correctly
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oriented. The operator could then infuse an agent direction-
ally to ablate, block autonomics on the pericardial sac (away
from the surface of the heart) (see FIGS. 6-8). For treatment
in the Oblique sinus, the catheter would be positioned oppo-
site that of the transverse sinus (i.e. electrodes against the
pericardial sac such that no ECG signals are seen). Catheter
placed around the ventricles to deliver an agent and/or energy
to block, stun, or ablate cardiac pain fibers to treat chronic
intractable chest pain (see FIG. 6). A pump/catheter could
deliver agents to stun or temporarily block nerve activity such
as Trimethophan, Quinadine, Procanamide, Bupivocaine,
Phenoxybenzamine, Phentolamine, Anticholinergics, Alpha
and Beta Blockers, Hexamethonium, Pentolinium, Mecamy-
lamine, Pempidine, and could also deliver agents to perma-
nently ablate/destroy/block nerve activity such as Phenol,
Ethanol, Ammonium Salts, Phenoxybenzamine, Formalin.

Specific electrodes designs are contemplated for
alcohol+DC current applications. A sponge-like electrode
made of, for example, non-nitional components that may be
expanded and placed in the oblique sinus so that true small
ports alcohol can be effused and the non-nitinol segments will
absorb any leakage preventing and/or minimizing more wide-
spread effects. The same course may have electrodes which
permit placement of RF current or DC current or electrolytic
doses of DC current to produce maximal effects of the alcohol
on the ganglia in positions of contact.
Thermal Modulation and/or Ablation

Thermal or radiofrequency means may be used to perform
modulation/ablation. Ablation of receptors on the ventricle
may be used to increase the sinus rate, and thus the device
may function as a pacemaker. The ablation of subepicardial
ventricular receptors may also be performed, as can RF abla-
tion with saline as virtual electrode (See FIGS. 2-8. Cryo-
genic energy can be used to cool the epicardial surface/peri-
cardium ofthe heart (both autonomics and/or myocardium) to
terminate arrhythmias. This could form the basis of painless
defibrillation. Cooling could be accomplished by several
means, such as the injection of cooled fluid into pericardial
spaceor into device placed in contact with atria or ventricle or
ganglia. A cooling of mesh may be brought into contact with
the heart (e.g. by use of Peltier type system as outlined in U.S.
Pat. No. 5,515,682). Chemicals which mix and cause an
endothermic reaction could be used, as can cenergy to tran-
siently block signaling/ablate nerve tissue. Cryogenic cath-
eters would be positioned as described above for placement in
the transverse sinus or oblique sinus. Transverse sinus, the
cryogenic source would be oriented away from the epicardial
surface of the heart, and towards the epicardial surface of the
heart in the oblique sinus. Electrodes mounted on the cryo-
genic catheter could be used to orient the catheter correctly
(See F1IGS.15-18). Operators may perform cryogenic cooling
for atrial fibrillation (relatively slow cooling) with a device
that protects the esophagus (see FIG. 18), which offers large
surface covering and rapid cooling for ventricular fibrillation.

Cooled saline or other refrigerants may be used. In accor-
dance with one exemplary aspect, cooling can be used as part
ofanimplanted system which is left in the body using the type
of sheath described above to prevent leakage. One contem-
plated method is an endothermic reaction that would occur on
contact, and which may cause an immediate or near immedi-
ate and relatively sudden cooling. When this cooling occurs
arrhythmia may be suppressed both because of the effects of
the cooling on the autonomics and perhaps due to the effects
of cooling on the ventricular myocardium itself. This
approach would in fact be a type of cryo manipulation. In
addition, a contemplated approach envisions this cooling can
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be done temporarily and regionally, i.e., not for the whole
heart but at specific chosen locations, such as the ganglia
behind the atrium.

Modulation of the cardiac autonomics, interventricular
myocardium, or the receptors/transitional regions between
nerve fiber and myocardium may be used for non-arrhythmia
indications. These include control of cardiac chest pain,
modulation of cardiac activity and contractions, or in some
instances to increase the heart rate. In some cardiac condi-
tions such as neurocardiogenic syncope there is over activity
of some of the mechanoreceptors that modulate a reflex
designed to prevent over vigorous cardiac contractions. An
untoward effect of activities from these receptors is inordinate
lowering of the blood pressure or slowing of the heart rate.
The methods described may be used to target these receptors
or the nerves that originate in these receptors where by the
abnormally low heart rate may be modulated to increase
potentially obviating the need for a pacemaker in some
instances. On the other hand, these same receptors may also
be dysfunctional and create abnormally high heart rates and
blood pressure and either stimulation blocking or ablation of
these receptors may be helpful in reducing these abnormali-
ties as well.

In accordance with one or more of the aspects outlined
herein, treatment methods and treatment devices may be
viewed in modular form. These modules include options for
accessing the relevant space or treatment are, options for
mapping and/or identifying the ganglia or autonomic nervous
system activity, options for modulating the ganglia of other
autonomics, and options for interpreting and/or assessing the
results of the modulation.

For example, the options for accessing and/or covering the
desired or selected treatment area include accessing any one
or more of the pericardial space (e.g. subxyphoid access,
thoracotomy), the epicardial surface, the oblique sinus, the
transverse sinus, retro-atrial area, or broad field coverage
(cover arelatively large area to get all ganglia or broad ganglia
coverage, which can be spread out over a relatively large
area).

The options for mapping and/or identifying the ganglia
activity or other autonomic nervous system activity include
the algorithms and filtering discussed above regarding vari-
ous aspects of distinguishing and/or matching electrogram
morphology. Further options exist, such as may be found in
Feasibility Study of Endocardial Mapping of Ganglionated
Plexuses During Catheter Ablation of Atrial Fibrillation,
Lemery et al., Heart Rhythm Society, (1996); Combined
Effect of Pulmonary Vein Isolation and Ablation of Cardiac
Autonomic Nerves for Atrial Fibrillation, Ohkubo et el.,
(2008); and in Gross and Microscopic Anatomy of the Human
Intrinsic Cardiac Nervous System, Armour et al., The Ana-
tomical Record, 247:289-298 (1997).

Further, the various mechanisms or means for modulating
and/or ablating nervous system activity may be selected from
any one of the foregoing mechanisms or means. For example,
one may choose electrical means, such as, for example, alter-
nating or direct current energy, for stimulation and blocking
of activity. Mechanical options also may be chosen such as,
for example, ultrasound, vibration, or other physical disrup-
tion or application of kinetic energy. Chemical means may be
chosen from any one of the foregoing discussed examples,
and thermal means may be chosen, again from any one of the
foregoing discussed examples, including heating, cooling,
cryogenic and/or RF energy.

Finally, the options for assessing and/or interpreting the
results of the modulation include mapping of the relevant
nervous system or autonomic activity after the treatment step.
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These options would also include assessing and/or interpret-
ing indirect results of the modulation step such as, for
example, surrogate biological functions including heart rate,
blood pressure, etc.

Ts used herein, autonomic activity and/or autonomic regu-
lation may be used to refer to any of the ganglia activity or
nervous system activity discussed herein. Therefore, it may
be convenient to use the term autonomics to apply generically
to these various types of activity. These specific types of
activity are mentioned for explanatory purposes only, and are
not intended to limit in any way the scope of the claims
appended hereto.

Numerous modifications and alternative embodiments of
the invention will be apparent to those skilled in the art in view
of the forgoing description. Accordingly, this description is to
be construed as illustrative only and is for the purpose of
teaching those skilled in the art the best mode of carrying out
the invention. The details of the present disclosure may be
varied without departing from the spirit of the invention, and
the exclusive use of all modifications which are within the
scope of the claims is reserved.

The invention claimed is:

1. A method of modulating autonomic nervous tissue resid-
ing within a pericardial space to treat cardiac disorders, the
method comprising the steps of:

positioning a distal end of a treatment delivery assembly at

a location within the pericardial space, the distal end
comprising one or more electrodes and an infusion sys-
tem comprising one or more infusion ports;

energizing the one or more electrodes with direct current

electrical energy; and

infusing a fluid into the pericardial space via the one or

more infusion ports such that the fluid disperses at least
some of the direct current electrical energy away from
the distal end of the treatment delivery assembly to the
autonomic nervous tissue such that at least some of the
autonomic nervous tissue becomes ablated by the direct
current electrical energy.

2. The method of claim 1, wherein the one or more infusion
ports comprise a plurality of spaced apart infusion ports.

3. The method of claim 1, wherein the fluid comprises
saline.

4. The method of claim 1, including:

using a mapping array to sense a follow-up level of auto-

normic nervous system activity at the location; and
comparing the follow-up level of autonomic nervous sys-
tem activity to a threshold.

5. The method of claim 4, including:

determining whether the follow-up level of autonomic ner-

vous system activity is above a threshold; and
performing subsequent energizing and infusing steps.

6. The method of claim 1, wherein a catheter is used for
positioning the distal end of the treatment delivery assembly.

7. The method of claim 1, further comprising positioning a
containing element to seal the pericardial space.
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8. The method of claim 7, wherein the containing element
substantially prevents the fluid from exiting the pericardial
space.

9. The method of claim 1, wherein the one or more elec-
trodes make direct contact with at least some of the autonomic
nervous tissue residing within the pericardial space.

10. The method of claim 1, wherein the one or more elec-
trodes comprises a plurality of spaced apart electrodes.

11. The method of claim 1, wherein the distal end com-
prises an expandable portion shiftable between a collapsed
state and an expanded state: and

expanding the expandable portion after placement of the

distal end at the location within the pericardial space.
12. The method of claim 1, wherein other myocardium
contacted by the fluid does not become damaged substantially
as a result of the direct current electrical energy.
13. A method of treating autonomic nervous tissue adjacent
a pericardial space, the method comprising the steps of:
creating an entry point to the pericardial space through a
pericardium surrounding the pericardial space;

inserting a distal end of a treatment delivery assembly
through the entry point and into the pericardial space, the
distal end comprising one or more electrodes and one or
more infusion ports;

positioning the distal end at a location within the pericar-

dial space;

energizing the one or more electrodes with direct current

electrical energy; and

infusing a fluid into the pericardial space via the one or

more infusion ports such that the fluid disperses at least
some of the direct current electrical energy away from
the distal end of the treatment delivery assembly to the
autonomic nervous tissue such that at least some of the
autonomic nervous tissue becomes ablated by the direct
current electrical energy.

14. The method of claim 13, wherein the one or more
electrodes are mounted on an expandable element of the
treatment delivery assembly, and wherein the expandable
element expands after the inserting.

15. The method of claim 13, wherein the fluid comprises
saline.

16. The method of claim 13, further comprising position-
ing a containing element at the entry point to seal the pericar-
dial space.

17. The method of claim 16, wherein the containing ele-
ment substantially prevents the fluid from exiting the pericar-
dial space.

18. The method of claim 13, wherein the one or more
electrodes make direct contact with at least some of the auto-
nomic nervous tissue residing within the pericardial space.

19. The method of claim 13, wherein other myocardium
contacted by the fluid receives at least some of the direct
current electrical energy and is not substantially damaged as
a result of the direct current electrical energy.
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