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CATHETER AND CATHETER SYSTEM FOR ELECTRICAL NEUROMODULATION 

Technical Field 

The present disclosure relates generally to catheters and catheter systems, and more 

particularly to catheters and catheter systems for use in electrical neuromodulation. 

Background 

Acute heart failure is a cardiac condition in which a problem with the structure or 

function of the heart impairs its ability to supply sufficient blood flow to meet the body's needs. 

The condition impairs quality of life and is a leading cause of hospitalizations and mortality in 

the western world. Treating acute heart failure is typically aimed at removal of precipitating 

causes, prevention of deterioration in cardiac function, and control of congestive state. 

Treatments for acute heart failure include the use of inotropic agents, such as dopamine 

and dobutamine. These agents, however, have both chronotropic and inotropic effects and 

characteristically increase heart contractility at the expense of significant increments in oxygen 

consumption secondary to elevations in heart rate. As a result, although these inotropic agents 

increase myocardial contractility and improve hemodynamics, clinical trials have consistently 

demonstrated excess mortality caused by cardiac arrhythmias and increase in the myocardium 

consumption. 

As such, there is a need for selectively and locally treating acute heart failure and 

otherwise achieving hemodynamic control without causing unwanted systemic effects. 

Summary 

Embodiments of the present disclosure provide for a catheter and a catheter system for 

use in electrical neuromodulation. The catheter and the catheter system of the present disclosure, 

for example, may be useful in electrical neuromodulation of patients with cardiac disease, such 

as patients with chronic cardiac disease. As discussed herein, the configuration of the catheter 

and the catheter system of the present disclosure allows for a portion of the catheter to be 

positioned within the vasculature of the patient in the main pulmonary artery and/or one or both 

of the pulmonary arteries (the right pulmonary artery and the left pulmonary artery). Once 

positioned, the catheter and the catheter system of the present disclosure can provide electrical 
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energy to stimulate the autonomic nerve fibers surrounding the main pulmonary artery and/or 

one or both of the pulmonary arteries in an effort to provide adjuvant cardiac therapy to the 

patient. 

The catheter can include an elongate body having a first end and a second end. The 

5 elongate body includes an elongate radial axis that extends through the first end and the second 

end of the elongate body, and a first plane extends through the elongate radial axis. At least two 

elongate stimulation members extend from the elongate body, where each of the at least two 

elongate stimulation members curves into a first volume defined at least in part by the first plane. 

At least one electrode is on each of the at least two elongate stimulation members, where the at 

10 least one electrode form an electrode array in the first volume. Conductive elements extend 

through each of the elongate stimulation members, where the conductive elements conduct 

electrical current to combinations of two or more of the at least one electrode in the electrode 

array. 

The at least two elongate stimulation members can curve only in the first volume defined 

15 at least in part by the first plane, and a second volume defined at least in part by the first plane 

and being opposite the first volume contains no electrodes. A second plane can perpendicularly 

intersect the first plane along the elongate radial axis of the elongate body to divide the first 

volume into a first quadrant volume and a second quadrant volume. The at least two elongate 

stimulation members can include a first elongate stimulation member and a second elongate 

20 stimulation member, where the first elongate stimulation member curves into the first quadrant 

volume and the second elongate stimulation member curves into the second quadrant volume. 

Each of the at least two elongate stimulation members can include a stimulation member 

elongate body and a wire extending longitudinally through the elongate body and the stimulation 

member elongate body, where pressure applied by the wire against the stimulation member 

25 elongate body at or near its distal end causes the wire to deflect thereby imparting the curve into 

each of the at least two elongate stimulation members into the first volume defined at least in 

part by the first plane. The catheter can also include an anchor member that extends from the 

elongate body into a second volume defined at least in part by the first plane and opposite the 

first volume, where the anchor member does not include an electrode. 

30 In an additional embodiment, the catheter can also include a structure extending between 

at least two of the least two elongate stimulation members. An additional electrode can be 
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positioned on the structure, the additional electrode having a conductive element extending from 

the additional electrode through one of the elongate stimulation members, where the conductive 

element conducts electrical current to combinations of the additional electrode and at least one of 

the at least one electrode on each of the at least two elongate stimulation members. An example 

5 of such a structure is a mesh structure. 

The catheter can also include a positioning gauge. The positioning gauge includes an 

elongate gauge body with a first end and a bumper end distal to the first end. The elongate body 

of the catheter includes a first lumen that extends from the first end through the second end of the 

elongate body. The bumper end has a shape with a surface area no less than a surface area of the 

10 distal end of the elongate body taken perpendicularly to the elongate radial axis, and the elongate 

gauge body extends through the first lumen of the elongate body to position the bumper end 

beyond the second end of the elongate body. The first end of the position gauge extends from 

the first end of the elongate body, the elongate gauge body having a marking that indicates a 

length between the second end of the elongate body and the bumper end of the position gauge. 

15 The present disclosure also includes a catheter system that includes the catheter, as 

discussed herein, and a pulmonary artery catheter having a lumen, where the catheter extends 

through the lumen of the pulmonary artery catheter. The pulmonary artery catheter can include 

an elongate catheter body with a first end, a second end, a peripheral surface and an interior 

surface, opposite the peripheral surface, that defines the lumen extending between the first end 

20 and the second end of the elongate catheter body. An inflatable balloon is positioned on the 

peripheral surface of the elongate catheter body, the inflatable balloon having a balloon wall with 

an interior surface that along with a portion of the peripheral surface of the elongate catheter 

body defines a fluid tight volume. An inflation lumen extends through the elongate catheter 

body, the inflation lumen having a first opening into the fluid tight volume of the inflatable 

25 balloon and a second opening proximal to the first opening to allow for a fluid to move in the 

fluid tight volume to inflate and deflate the balloon. 

The present disclosure also provides for a catheter that includes an elongate catheter body 

having a first end, a second end, a peripheral surface and an interior surface defining an inflation 

lumen that extends at least partially between the first end and the second end of the elongate 

30 catheter body; an inflatable balloon on the peripheral surface of the elongate catheter body, the 

inflatable balloon having a balloon wall with an interior surface that along with a portion of the 
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peripheral surface of the elongate catheter body defines a fluid tight volume, where the inflation 

lumen has a first opening into the fluid tight volume of the inflatable balloon and a second 

opening proximal to the first opening to allow for a fluid to move in the volume to inflate and 

deflate the balloon; a plurality of electrodes positioned along the peripheral surface of the 

5 elongate catheter body, the plurality of electrodes located between the inflatable balloon and the 

first end of the elongate catheter body; conductive elements extending through the elongate 

catheter body, where the conductive elements conduct electrical current to combinations of two 

or more of the at least one electrode of the plurality of electrodes; and a first anchor extending 

laterally from the peripheral surface of the elongate body, the first anchor having struts forming 

10 an open framework with a peripheral surface having a largest outer dimension greater than a 

largest outer dimension of the inflatable balloon. 

In one embodiment, the first anchor is positioned between the inflatable balloon and the 

plurality of electrodes positioned along the peripheral surface of the elongate catheter body. A 

portion of the elongate catheter body that includes the plurality of electrodes can curve in a 

15 predefined radial direction when placed under longitudinal compression. In another 

embodiment, the first anchor is positioned between the plurality of electrodes positioned along 

the peripheral surface of the elongate catheter body and the first end of the elongate catheter 

body. 

The elongate catheter body can also include a second interior surface defining a shaping 

20 lumen that extends from the first end towards the second end. A shaping wire having a first end 

and a second end can pass through the shaping lumen with the first end of the shaping wire 

proximal to the first end of the elongate catheter body and the second end of the shaping wire 

joined to the elongate catheter body so that the shaping wire imparts a curve into a portion of the 

elongate catheter body having the plurality of electrodes when tension is applied to the shaping 

25 wire. 

An embodiment of the catheter can also include an elongate catheter body having a first 

end, a second end, a peripheral surface and an interior surface defining an inflation lumen that 

extends at least partially between the first end and the second end of the elongate catheter body; 

an inflatable balloon on the peripheral surface of the elongate catheter body, the inflatable 

30 balloon having a balloon wall with an interior surface that along with a portion of the peripheral 

surface of the elongate catheter body defines a fluid tight volume, where the inflation lumen has 
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a first opening into the fluid tight volume of the inflatable balloon and a second opening 

proximal to the first opening to allow for a fluid to move in the volume to inflate and deflate the 

balloon; a first anchor extending laterally from the peripheral surface of the elongate catheter 

body the first anchor having struts forming an open framework with a peripheral surface having 

5 a diameter larger than a diameter of the inflatable balloon; an electrode catheter having an 

electrode elongate body and a plurality of electrodes positioned along a peripheral surface of the 

electrode elongate body; conductive elements extending through the electrode elongate body of 

the electrode catheter, where the conductive elements conduct electrical current to combinations 

two or more of the at least one electrode of the plurality of electrodes; and an attachment ring 

10 joined to the electrode catheter and positioned around the peripheral surface of the elongate 

catheter body proximal to both the first anchor and the inflatable balloon. 

A catheter system of the present disclosure can also include an elongate catheter body 

having a first end, a second end, a peripheral surface and an interior surface defining an inflation 

lumen that extends at least partially between the first end and the second end of the elongate 

15 catheter body, where the elongate catheter body includes an elongate radial axis that extends 

through the first end and the second end of the elongate body, and where a first plane extends 

through the elongate radial axis; an inflatable balloon on the peripheral surface of the elongate 

catheter body, the inflatable balloon having a balloon wall with an interior surface that along 

with a portion of the peripheral surface of the elongate catheter body defines a fluid tight 

20 volume, where the inflation lumen has a first opening into the fluid tight volume of the inflatable 

balloon and a second opening proximal to the first opening to allow for a fluid to move in the 

volume to inflate and deflate the balloon; an electrode cage having two or more of a rib that 

extend radially away from the peripheral surface of the elongate catheter body towards the 

inflatable balloon, where the two or more of the rib of the electrode cage curve into a first 

25 volume defined at least in part by the first plane; one or more electrodes on each of the rib of the 

electrode cage, where the one or more electrodes on each of the rib form an electrode array in the 

first volume; conductive elements extending through the two or more of the rib of the electrode 

cage and the elongate catheter body, where the conductive elements conduct electrical current to 

combinations of the one or more electrodes in the electrode array; and an anchoring cage having 

30 two or more of the rib that extend radially away from the peripheral surface of the elongate 

catheter body towards the inflatable balloon, where the two or more of the rib of the anchoring 
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cage curve into a second volume defined at least in part by the first plane and being opposite the 

first volume, where the two or more of the rib of the anchoring cage do not include an electrode. 

Brief Description of the Figures 

5 Fig. 1A provides a profile view of a catheter according to an embodiment of the present 

disclosure. 

Fig. IB provides an end view of the catheter of Fig. 1A as viewed along lines IB-IB in 

Fig. 1A. 

Fig. 2A provides a profile view of a catheter according to an embodiment of the present 

10 disclosure. 

Fig. 2B provides an end view of the catheter of Fig. 2A as viewed along lines 2B-2B in 

Fig. 2A. 

Fig. 3 illustrates a catheter according to an embodiment of the present disclosure. 

Fig. 4 illustrates a catheter according to an embodiment of the present disclosure. 

15 Figs. 5A and 5B illustrate embodiments of a pulmonary artery catheter that can be used 

with the catheters according to the present disclosure. 

Fig. 6A illustrates a catheter according to an embodiment of the present disclosure. 

Fig. 6B illustrates a catheter according to an embodiment of the present disclosure. 

Fig. 6C illustrates the catheter provided in Fig. 6A positioned within the main pulmonary 

Fig. 6D illustrates the catheter provided in Fig. 6B positioned within the main pulmonary 

Fig. 7 illustrates a catheter according to an embodiment of the present disclosure. 

Fig. 8 illustrates a catheter according to an embodiment of the present disclosure. 

Fig. 9 illustrates a catheter system according to an embodiment of the present disclosure. 

Fig. 10 provides an illustration of a main pulmonary artery of a heart. 

Fig. 11 provides an illustration of a stimulation system for use with the catheter or 

catheter system of the present system. 

20 artery. 

artery. 

25 
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Detailed Description 

Embodiments of the present disclosure provide for a catheter and a catheter system for 

use in electrical neuromodulation. The catheter and the catheter system of the present disclosure, 

for example, may be useful in electrical neuromodulation of patients with cardiac disease, such 

5 as patients with acute and/or chronic cardiac disease. As discussed herein, the configuration of 

the catheter and the catheter system of the present disclosure allows for a portion of the catheter 

to be positioned within the vasculature of the patient in the main pulmonary artery and/or one or 

both of the pulmonary arteries (the right pulmonary artery and the left pulmonary artery). Once 

positioned, the catheter and the catheter system of the present disclosure can provide electrical 

10 energy to stimulate the autonomic nerve fibers surrounding the main pulmonary artery and/or 

one or both of the pulmonary arteries in an effort to provide adjuvant cardiac therapy to the 

patient. 

The Figures herein follow a numbering convention in which the first digit or digits 

correspond to the drawing Figure number and the remaining digits identify an element or 

15 component in the drawing. Similar elements or components between different Figures may be 

identified by the use of similar digits. For example, 110 may reference element "10" in Figure 1, 

and a similar element may be referenced as 210 in Figure 2. As will be appreciated, elements 

shown in the various embodiments herein can be added, exchanged, and/or eliminated so as to 

provide any number of additional embodiments of the present disclosure. 

20 The terms "distal" and "proximal" are used in the following description with respect to a 

position or direction relative to the treating clinician. "Distal" or "distally" are a position distant 

from or in a direction away from the clinician. "Proximal" and "proximally" are a position near 

or in a direction toward the clinician. 

Referring to Fig. 1A and IB, there is shown a catheter 100 according to the present 

25 disclosure. Fig. 1A shows a side view of the catheter 100, while Fig. IB shows an end view of 

the catheter 100 taken along view lines IB-IB as seen in Fig. 1A. The catheter 100 includes an 

elongate body 102 having a first end 104 and a second end 106 distal from the first end 104. As 

illustrated, the elongate body 102 includes an elongate radial axis 108 that extends through the 

first end 104 and the second end 106 of the elongate body 102. As illustrated, a first plane 110 

30 extends through the elongate radial axis 108 over the length of the elongate body 102. As used 

herein, a plane is an imaginary flat surface on which a straight line joining any two points on it 
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would wholly lie and is used herein to help orientate the relative position of structures on the 

catheter 100, The first plane 110 is used herein, among other reasons, to help provide the 

relative position of electrodes that are located on the embodiments of the catheters provided 

herein. Catheter 100 further includes at least two elongate stimulation members 114 (as 

5 illustrated in Fig. 1, 114-1 and 114-2). The stimulation members 114 extend from the elongate 

body 102, where each of the at least two elongate stimulation members 114-1 and 114-2 curves 

into a first volume 116 defined at least in part by the first plane 110. For example, the at least 

two elongate stimulation members 114 extend from approximately the second end 106 of the 

elongate body 102 into the first volume 116. 

10 Fig. 1 also illustrates at least one electrode 118 on each of the at least two elongate 

stimulation members 114. The at least one electrode 118 on each of the elongate stimulation 

members 114 form an electrode array in the first volume 116 defined at least in part by the first 

plane 110. The at least one electrode 118 on each of the stimulation members 114 are 

electrically isolated from one another, where the stimulation members 114 are each formed of an 

15 electrically insulating material as discussed herein. 

Each of the at least one electrode 118 is coupled to a corresponding conductive element 

120. The conductive elements 120 are electrically isolated from each other and extend through 

the stimulation members 114 from each respective electrode 118 through the first end 104 of the 

elongate body 102. The conductive elements 120 terminate at a connector port, where each of 

20 the conductive elements 120 can be releasably coupled to a stimulation system, as discussed 

herein. It is also possible that the conductive elements 120 are permanently coupled to the 

stimulation system (e.g., not releasably coupled). The stimulation system can be used to provide 

stimulation electrical energy that is conducted through the conductive elements 120 and 

delivered across combinations of the electrodes 118 in the electrode array. 

25 Each of the at least two elongate stimulation members 114 includes a stimulation member 

elongate body 122 having a distal end 124. As illustrated, the distal end 124 of the stimulation 

member elongate body 122 for each of the elongate stimulation members 114 extends from the 

elongate body 102. Each of the elongate body 102 and the stimulation member elongate body 

122 include a surface defining a lumen 128 through which a wire 126 passes. The wire 126 is 

30 joined to its respective stimulation member elongate body 122 at or near the distal end 124, 

where the wire 126 then freely extends through the lumen 128 in the elongate stimulation 
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member 114 past the first end 104 of the elongate body 102. The lumen 128 has a diameter that 

is large enough to allow the wire 126 to be moved longitudinally within the lumen 128. The 

portion of the wire 126 extending from the first end 104 can be used to apply pressure against the 

stimulation member elongate body 122 at or near the distal end 124, where the wire 126 under 

5 such pressure can deflect, or bend, thereby imparting the curve into each of the at least two 

elongate stimulation members 114 into the first volume 116 defined at least in part by the first 

plane 110. The at least two elongate stimulation members 114 extend radially away from the 

elongate body 102 over a range of distances depending upon how much pressure is applied to the 

wires 126. As illustrated, the curves of the at least two elongate stimulation members 114 can 

10 have a radius of curvature that changes along the length of the stimulation member elongate 

body 122. 

As illustrated in Figs. 1A and IB, the at least two elongate stimulation members 114 

curve only in the first volume 116 defined at least in part by the first plane 110. Figs. 1A and IB 

also illustrate a second volume 130 defined at least in part by the first plane 110 (being opposite 

15 the first volume 116) that contains no electrodes. Figs. 1A and IB also illustrate an embodiment 

in which the at least two elongate stimulation members 114 include a first elongate stimulation 

member 114-1 and a second elongate stimulation member 114-2. In addition to the first elongate 

stimulation member 114-1 and the second elongate stimulation member 114-2, Figs. 1A and IB 

show a second plane 112 perpendicularly intersecting the first plane 110 along the elongate 

20 radial axis 108 of the elongate body 102. The first plane 110 and the second plane 112 divide the 

first volume 116 into a first quadrant volume 132 and a second quadrant volume 134. As 

illustrated, the first elongate stimulation member 114-1 curves into the first quadrant volume 

132, while the second elongate stimulation member 114-2 curves into the second quadrant 

volume 134. 

25 The catheter 100 also includes an anchor member 136 that extends from the elongate 

body 102 into the second volume 130 defined at least in part by the first plane 110 and opposite 

the first volume 116. As illustrated, the anchor member 136 does not include an electrode. The 

anchor member 136 is not occlusive within the vasculature and/or does not encourage 

thrombosis or coagulation of the blood within the vasculature. The anchor member 136 and the 

30 elongate body 102 include surfaces defining a lumen 199 through which wire 140 passes. The 

wire 140 is joined to anchor member 136 at or near a distal end 197 of the member 136, where 
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the wire 140 freely extends through the lumen 199 of the anchor member 136 past the first end 

104 of the elongate body 102. The lumen 199 has a diameter that is large enough to allow the 

wire 140 to be moved longitudinally within the lumen 199. The portion of the wire 140 

extending from the first end 104 can be used to apply pressure against the anchor member 136 at 

5 or near its distal end 197, where the wire 140 under such pressure can deflect, or bend, thereby 

imparting the curve into the anchor member 136. The anchor member 136 can extend radially 

away from the elongate body 102 over a range of distances depending upon how much pressure 

is applied to the wire 140. As discussed herein, the anchor member 136 can be used to bring the 

electrodes 118 into contact with a vascular lumenal surface (e.g., a posterior surface of the main 

10 pulmonary artery and/or one or both of the pulmonary arteries) with a variety of pressures. 

Optionally, the anchor member 136 can be configured to include one or more of the electrode 

118, as discussed herein. 

Each of the wires 126 and the wire 140, upon being used to impart the curves in their 

respective members, can then be releasably locked in place by preventing the longitudinal 

15 movement of the wire relative the elongate body 102. For example, a clamp or other device can 

be used to create contact between the wire and the surface of the lumen sufficient to prevent the 

wire from moving relative the surface of the lumen. This clamping action can also function as a 

hemostasis valve to minimize blood loss. 

Figs. 1A and IB also illustrate a pulmonary artery catheter 191 (partially shown to show 

20 detail of catheter 100) that can be used with catheter 100 to provide for a catheter system. The 

pulmonary artery catheter 191 includes an elongate catheter body 1100 with a first end 1102, a 

second end 1104, a peripheral surface 1106 and an interior surface 1108, opposite the peripheral 

surface 1106. The interior surface 1108 defines a lumen 1110 that extends between the first end 

1102 and the second end 1104 of the elongate catheter body 1100. The lumen 1110 is of a 

25 sufficient size and shape to house at least a portion of the catheter 100 inside the lumen 1110 

during delivery of the catheter. For example, the anchor member 136 and the at least two 

elongate stimulation members 114, along with a least a portion of the elongate body 102, can be 

positioned within the lumen 1110. The anchor member 136, the at least two elongate stimulation 

members 114 and at least a portion of the elongate body 102 can be deployed from the distal end 

30 1104 of the pulmonary artery catheter 191 during the delivery and implantation of the catheter 

100. 
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The pulmonary artery catheter 191 can further include an inflatable balloon 1112 on the 

peripheral surface 1106 of the elongate catheter body 1100. The inflatable balloon 1112 has a 

balloon wall 1114 with an interior surface 1116 that along with a portion of the peripheral 

surface 1106 of the elongate catheter body 1100 defines a fluid tight volume 1118. The 

5 pulmonary artery catheter 191 further includes an inflation lumen 1120 that extends through the 

elongate catheter body 1100, where the inflation lumen 1118 has a first opening 1122 into the 

fluid tight volume 1116 of the inflatable balloon 1112 and a second opening 1124 proximal to 

the first opening 1122 to allow for a fluid to move in the fluid tight volume 1118 to inflate and 

deflate the balloon 1112. A syringe, or other known devices, containing the fluid (e.g., saline or 

10 a gas (e.g., oxygen)) can be used to inflate and deflate the balloon 1112. Fig. 1A shows the 

balloon 1112 in an inflated state, while Fig. IB shows the balloon 1112 in a deflated state. 

The catheter system shown in Fig. 1 can be used to position the catheter 100 in the main 

pulmonary artery and/or one or both of the pulmonary arteries of the patient, as described herein. 

To accomplish this, the pulmonary artery catheter 191 with the catheter 100 positioned within 

15 the lumen 1110 is introduced into the vasculature through a percutaneous incision, and guided to 

the right ventricle using known techniques. For example, the catheter 100 can be inserted into 

the vasculature via a peripheral vein of the arm (e.g., as with a peripherally inserted central 

catheter). Changes in a patient's electrocardiography and/or pressure signals from the 

vasculature can be used to guide and locate the catheter 100 within the patient's heart. Once in 

20 the proper location, the balloon 1112 can be inflated, as described, to allow the pulmonary artery 

catheter 191 and the catheter 100 to be carried by the flow of blood from the right ventricle to the 

main pulmonary artery and/or one of the pulmonary arteries. Additionally, various imaging 

modalities can be used in positioning the catheter and/or catheter system of the present disclosure 

in the main pulmonary artery and/or one of the pulmonary arteries of the patient. Such imaging 

25 modalities include, but are not limited to, fluoroscopy, ultrasound, electromagnetic, 

electropotential modalities. 

The catheter system can be advance along the main pulmonary artery until the distal end 

1104 of the pulmonary artery catheter 191 contacts the top of the main pulmonary artery (e.g., a 

location distal to the pulmonary valve and adjacent to both the pulmonary arteries). This can be 

30 done with the balloon 1112 in the inflated or deflated state. Once the distal end 1104 of the 

pulmonary artery catheter 191 reaches the top of the main pulmonary artery the elongate catheter 
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body 1100 can be moved relative the catheter 100 so as to deploy the catheter 100 from the 

lumen 1110 of the pulmonary artery catheter 191. 

Markings can be present on the peripheral surface of the catheter body 102, where the 

markings start and extend from the first end 104 towards the second end 106 of the catheter 100. 

5 The distance between the markings can be of units (e.g., millimeters, inches, etc.), which can 

allow the length between the distal end 1104 of the pulmonary artery catheter 191 and the top of 

the main pulmonary artery to be determined. A marking can also be provided on the peripheral 

surface of the catheter body 102 that indicates when the distal end 1104 of the pulmonary artery 

catheter 191 is clear of the anchor member 136 and the elongate stimulation members 114. In an 

10 alternative embodiment, a positioning gauge can be used to locate the catheter 100 within the 

main pulmonary artery, where the positioning gauge will be discussed herein in more detail. 

The ability to measure this distance from the top of the main pulmonary artery may be 

helpful in placing the electrodes 118 in a desired location within the main pulmonary artery. In 

addition to measuring the distance from which the second end 106 of the elongate body 102 is 

15 placed from the top of the main pulmonary artery, the elongate body 102 can also be used to 

identify, or map, an optimal position for the electrodes 114 within the vasculature. For example, 

the second end 106 of the elongate body 102 can be positioned at the desired distance from the 

top of the main pulmonary artery using the markings on the peripheral surface of the catheter 

body 102. Wires 126 and 140 are then used to impart the curves into the elongate stimulation 

20 members 114 and the anchor member 136. Using both the wires 126 and the wire 140 the 

elongate stimulation members 114 and the anchor member 136 can be provided with curves of 

sufficient size to contact a surface of the main pulmonary artery, such as the anterior surface of 

the main pulmonary artery, and thereby bring the electrodes 118 into contact with the main 

pulmonary artery or one of the pulmonary arteries (the left pulmonary artery or the right 

25 pulmonary artery). The anchor member 136, as will be appreciated, biases and helps to anchor 

the electrodes 118 along the vessel surface (e.g., along the posterior surface of the main 

pulmonary artery or one of the pulmonary arteries (the left pulmonary artery or the right 

pulmonary artery)). 

Due to its adjustable nature (e.g., how much pressure is applied to the wire 140), the 

30 anchor member 136 can be used to bring the electrodes 118 into contact with the lumenal surface 

of the main pulmonary artery or one of the pulmonary arteries with a variety of pressures. So, 
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for example, the anchor member 136 can bring the electrodes 118 into contact with the lumenal 

surface of the main pulmonary artery or one of the pulmonary arteries with a first pressure. 

Using the stimulation system, as discussed herein, stimulation electrical energy can be delivered 

across combinations of two or more of the at least one electrode 118 in the electrode array. It is 

5 possible for the patient's cardiac response to the stimulation electrical energy to be monitored 

and recorded for comparison to other subsequent tests. 

It is appreciated that for any of the catheters and/or catheter systems discussed herein any 

combination of electrodes, including reference electrodes (as discussed herein) positioned within 

or on the patient's body, can be used in providing stimulation to and sensing cardiac signals from 

10 the patient. 

If necessary, the pressure can be reduced and the elongate body 102 can be rotated in 

either a clockwise or counter-clockwise direction to reposition the electrodes 118 in contact with 

the lumenal surface of the main pulmonary artery or one of the pulmonary arteries. The 

stimulation system can again be used to deliver stimulation electrical energy across combinations 

15 of two or more of the at least one electrode 118 in the electrode array. The patient's cardiac 

response to this subsequent test can then be monitored and recorded for comparison to previous 

and subsequent test. In this way, a preferred location for the position of the electrodes 118 along 

the lumenal surface of the main pulmonary artery or one of the pulmonary arteries can be 

identified. Once identified, the wire 140 can be used to increase the pressure applied by the 

20 anchor member 136, thereby helping to better anchor the catheter 100 in the patient. 

Referring now to Figs. 2A and 2B, there is shown an additional embodiment of catheter 

200. Fig. 2A shows a side view of the catheter 200, while Fig. 2B shows an end view of the 

catheter 200 taken along view lines 2B-2B as seen in Fig. 2A. Catheter 200 includes at least the 

structures as discussed herein for catheter 100, a discussion of which is not repeated but the 

25 element numbers are included in Figs. 2A and 2B with the understanding that the discussion of 

these elements is implicit. 

In addition, catheter 200 further includes a structure 260 extending between at least two 

of the least two elongate stimulation members 214. The structure 260 is flexible such that it can 

transition between a delivery or low-profile state (radially folded state) that allows the structure 

30 260 to be delivered into the main pulmonary artery and/or one of the pulmonary arteries, and a 

deployed or expanded state (radially expanded) as illustrated in Fig. 2A. As provided herein, the 
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wires 226 and the least two elongate stimulation members 214 can be used to bring the structure 

260 into its deployed or expanded state. As illustrated, an example of the structure 260 is a mesh 

structure. 

The structure 260 has flexible strands that are connected to form a pattern of opening 

5 between the strands. Electrodes 262 can be present at one or more of the connections of the 

strands. The strands can be formed of the same insulative material as the elongate body 202 and 

the elongate stimulation members 214. Alternatively, a different insulative material than that 

used for the elongate body 202 and the elongate stimulation members 214 can be used for the 

strands of the structure 260. Examples of such insulative material for one or more portions of the 

10 catheters and structures provided herein can include, but are not limited to, medical grade 

polyurethanes, such as polyester-based polyurethanes, polyether-based polyurethanes, and 

polycarbonate-based polyurethanes; polyamides, polyamide block copolymers, polyolefins such 

as polyethylene (e.g., high density polyethylene); and polyimides, among others. 

In addition to the shape provided by the elongate stimulation members 214, the structure 

15 260 can also have a predefined shape that helps to locate and position the at least two of the least 

two elongate stimulation members 214 and the electrodes 218 thereon. So, for example, the 

structure 260 can be used to adjust and/or maintain the distance between electrodes 218 on the 

adjacent stimulation members 214. 

The structure 260 can also include one or more of an additional electrode 262. The 

20 additional electrode 262 can either be positioned on the structure 260 or formed as an integral 

part of the structure 260, where each of the additional electrodes 262 is electrically isolated from 

each of the other electrodes 262 and/or 218. The additional electrode 262 includes a conductive 

element 264. Each of the conductive elements 264 are electrically isolated from each other and 

extend through the strands of the structure 260 from each respective additional electrode 262 

25 through the stimulation members 214 and the elongate body 202 to the first end 204. The 

conductive elements 264 terminate at a connector port, where each of the conductive elements 

220 and 264 can be releasably coupled to the stimulation system, as discussed herein. It is also 

possible that the conductive elements 120 are permanently coupled to the stimulation system 

(e.g., not releasably coupled). The stimulation system can be used to provide stimulation 

30 electrical energy that is conducted through the conductive elements 220 and 264 to combinations 
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of the additional electrode 262 and at least one of the at least one electrode 218 on each of the at 

least two elongate stimulation members 214. 

Fig. 2A also illustrates an anchor wire 244 extending longitudinally through the 

stimulation member elongate body 222. As illustrated, the elongate body 202 and the member 

5 elongate body 222 include a surface defining a lumen having a first opening at the proximal end 

204 and a second opening at or adjacent to the distal end 224 of the stimulation member elongate 

body 222. The anchor wire 244 freely passes through the lumen, with a first end 246 extending 

from the elongate body 222 at the proximal end 204 of the elongate body 202 and a second end 

248 having an anchoring structure (e.g., a barb) that extends from the second opening at or 

10 adjacent to the distal end 224 of the stimulation member elongate body 222. The anchor wire 

244 can be advance through the lumen (e.g, longitudinal force can be applied to the first end 246 

of the anchor wire 244) to extend the anchoring structure away from the stimulation member 

elongate body 214. In addition to the use of the anchor member 236 in helping to better anchor 

the catheter 200 in the patient, as discussed herein, the anchor wire 244 can also be used to help 

15 secure the catheter 200 in the patient at the desired location. One or more of the anchor wire and 

the associated structures can also be included with the catheter illustrated in Figs 1A and IB. 

Optionally, the anchor wire 244 can be configured and used as an electrode with the stimulation 

system of the present disclosure. 

Fig. 2 also illustrates a pulmonary artery catheter 291 (partially shown to show detail of 

20 catheter 200), as discussed herein. 

As discussed herein, the catheter system shown in Fig. 2 can be used to position the 

catheter 200 in the main pulmonary artery and/or one of the pulmonary arteries of the patient, as 

described herein. To accomplish this, the pulmonary artery catheter 291 with the catheter 200 

positioned within the lumen 2108 is introduced into the vasculature through a percutaneous 

25 incision, and guided to the right ventricle using known techniques. The balloon 2112 is inflated, 

as described, to allow the pulmonary artery catheter 291 and the catheter 200 to be carried by the 

flow of blood from the right ventricle to the main pulmonary artery or one of the pulmonary 

arteries. 

The catheter system shown in Figs. 2A and 2B illustrates an embodiment of the present 

30 disclosure that includes a positioning gauge 252. The positioning gauge 252 includes an 

elongate gauge body 254 with a first end 256 and a bumper end 258 distal to the first end 256. 
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The elongate gauge body 254 can be moved longitudinally within a lumen 250 defined by a 

surface that extends through the elongate body 202 from its first end 204 through the second end 

206. The bumper end 258 can have a shape with a surface area no less than a surface area of the 

distal end 206 of the elongate body 202 taken perpendicularly to the elongate radial axis 208. 

5 The elongate gauge body 254 extends through the first lumen 250 of the elongate body 202 to 

position the bumper end 258 beyond the second end 206 of the elongate body 202. The first end 

256 of the position gauge 252 extends from the first end 204 of the elongate body 202, where the 

elongate gauge body 254 includes a marking 2200 that indicates a length between the second end 

206 of the elongate body 202 and the bumper end 258 of the position gauge 252. 

10 In deploying the catheter 200, the bumper end 258 of the positioning gauge 252 is 

approximately even with the distal end 224 of the stimulation member elongate body 222, the 

distal end 297 of the anchor member 236 and the distal end 2104 of the pulmonary artery 

catheter 291 (e.g., the elongate body 202, the anchor member 236 and the elongate stimulation 

members 214 are positioned within the lumen 2110 of the pulmonary artery catheter 291). In 

15 this configuration, the catheter system can be advance along the main pulmonary artery until the 

bumper end 258 of the positioning gauge 252 contacts the top of the main pulmonary artery (e.g., 

a location distal to the pulmonary valve and adjacent to both the pulmonary arteries). This can 

be done with the balloon 1112 in the inflated or deflated state. 

Once the bumper end 258 contacts the top of the main pulmonary artery, the pulmonary 

20 artery catheter 291 (with the catheter 200 positioned within its lumen 2110) can be moved 

relative the bumper end 258 (e.g., the pulmonary artery catheter 291 and the catheter 200 are 

moved away from the bumper end 258). As the pulmonary artery catheter 291 and the catheter 

200 move relative the bumper end 258 the markings 2200 on the elongate gauge body 254 can be 

used to indicate a length between the distal end 224 of the stimulation member elongate body 

25 222/the distal end 297 of the anchor member 236/the distal end 2104 of the pulmonary artery 

catheter 291 and the bumper end 258 of the position gauge 252. As discussed herein, distance 

between the markings 2200 can be of units (e.g., millimeters, inches, etc.), which can allow the 

length from the between the distal end 224 of the stimulation member elongate body 222/the 

distal end 297 of the anchor member 236/the distal end 2104 of the pulmonary artery catheter 

30 291 to be determined. Once a length that is desired is achieved, the pulmonary artery catheter 

291 can be moved relative the catheter 200 so as to deploy the anchor member 236 and the 
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elongate stimulation members 214 with the electrodes 218 within the main pulmonary artery or 

one of the pulmonary arteries. 

As discussed herein, the ability to measure this distance from the top of the main 

pulmonary artery may be helpful in placing the electrodes 218 in a desired location within the 

5 main pulmonary artery or one of the pulmonary arteries. For example, the distal end 224 of the 

stimulation member elongate body 222 and the distal end 297 of the anchor member 236 can be 

positioned at the desired distance from the top of the main pulmonary artery using the markings 

on the peripheral surface of the positioning gauge 252. Wires 226 and 240 can be used to impart 

the curves into the elongate stimulation members 214 and the anchor member 236. Using both 

10 the wires 226 and the wire 240 the elongate stimulation members 214 and the anchor member 

236 can be provided with curves of sufficient size to contact the anterior surface of the main 

pulmonary artery and thereby bring the electrodes 218 into contact with the lumenal surface of 

the main pulmonary artery. The anchor member 236, as will be appreciated, biases and helps to 

anchor the electrodes 218 along the vessel surface (e.g., along the posterior surface of the main 

15 pulmonary artery). Optionally, the anchor member 236 can be configured to include one or more 

of the electrode 218 as discussed herein. 

Due to its adjustable nature (e.g., how much pressure is applied to the wire 240), the 

anchor member 236 can be used to bring the electrodes 218 into contact with the lumenal surface 

of the main pulmonary artery or one of the pulmonary arteries with a variety of pressures. So, 

20 for example, the anchor member 236 can bring the electrodes 218 into contact with the lumenal 

surface of the main pulmonary artery or one of the pulmonary arteries with a first pressure. 

Using stimulation electrical energy from the stimulation system, as discussed herein, of electrical 

energy can be delivered across combinations of two or more of the electrodes 218 in the 

electrode array. The patient's cardiac response to the stimulation electrical energy can then be 

25 monitored and recorded for comparison to other subsequent tests. 

If necessary, the pressure can be reduced and the elongate body 202 can then be rotated 

in either a clockwise or counter-clockwise direction and/or lengthwise relative the top of the 

main pulmonary artery or one of the pulmonary arteries to reposition the electrodes 218 in 

contact with the lumenal surface of the main pulmonary artery or one of the pulmonary arteries. 

30 The stimulation system can again be used to deliver stimulation electrical energy across 

combinations of two or more of the electrodes 218 in the electrode array. The patient's cardiac 
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response to this subsequent test can then be monitored and recorded for comparison to previous 

and subsequent test. In this way, a preferred location for the position of the electrodes 218 along 

the lumenal surface of the main pulmonary artery or one of the pulmonary arteries can be 

identified. Once identified, the wire 240 can be used to increase the pressure applied by the 

5 anchor member 236, thereby helping to better anchor the catheter 200 in the patient. 

Referring now to Fig. 3, there is shown catheter 300, where catheter 300 includes the 

structures as discussed herein for catheters 100 and 200. As illustrated, catheter 300 includes an 

elongate body 302 having a first end 304 and a second end 306 distal from the first end 304. As 

illustrated, the elongate body 302 includes an elongate radial axis 308 that extends through the 

10 first end 304 and the second end 306 of the elongate body 302. As illustrated, a first plane 310 

extends through the elongate radial axis 308 over the length of the elongate body 302. Catheter 

300 further includes at least two elongate stimulation members 314, as discussed herein, that 

extend from the elongate body 302. Each of the at least two elongate stimulation members 314-1 

and 314-2 curves into a first volume 316 defined at least in part by the first plane 310. For 

15 example, the at least two elongate stimulation members 314 extend from approximately the 

second end 306 of the elongate body 302 into the first volume 316. 

Fig. 3 also illustrates at least one electrode 318 on each of the at least two elongate 

stimulation members 314. The electrodes 318 on the elongate stimulation members 314 form an 

electrode array on the first volume 316. The catheter 300 also includes conductive elements 320 

20 that extend through each of the elongate stimulation members 314. As discussed herein, the 

conductive elements 320 can conduct electrical current to combinations of two or more of the 

electrodes 318. 

Each of the at least two elongate stimulation members 314 includes a stimulation member 

elongate body 322 each having a distal end 324 that can move relative each other. In other 

25 words, the distal end 324 of each of the stimulation member elongate body 322 is free of each 

other. As illustrated in Fig. 3, the at least two elongate stimulation members 314 curve only in 

the first volume 316 defined at least in part by the first plane 310. Fig. 3 also illustrates a second 

volume 330 defined at least in part by the first plane 310 (being opposite the first volume 316) 

that contains no electrodes. Fig. 3 also illustrate an embodiment in which the at least two 

30 elongate stimulation members 314 include a first elongate stimulation member 314-1 and a 

second elongate stimulation member 314-2, where the first elongate stimulation member 314-1 
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curves into the first quadrant volume 332 and the second elongate stimulation member 314-2 

curves into the second quadrant volume 334, as previously discussed herein. The catheter 300 

also includes an anchor member 336 that extends from the elongate body 302 into the second 

volume 330. As illustrated, the anchor member 336 does not include an electrode. The anchor 

5 member 336 includes an elongate body 338 as previously discussed. Optionally, the anchor 

member 336 can be configured to include one or more of the electrode 318 as discussed herein. 

Each of the at least two elongate stimulation members 314 and the anchor member 336 

can also include a wire 366 extending longitudinally through the stimulation member elongate 

body 322 and the elongate body 338, respectively. The wire 366 can provide each of the at least 

10 two elongate stimulation members 314 and the anchor member 336 with a predefined shape. For 

example, the wire 366 in each of the at least two elongate stimulation members 314 and the 

anchor member 336 can have a coil or helical configuration that imparts a curve to the 

stimulation member elongate body 322 and the elongate body 338, respectively. The wire 366 

can also impart stiffness to the stimulation member elongate body 322 that is sufficient to 

15 maintain the predefined shape under the conditions within the vasculature of the patient. So, for 

example, the wire 366 provides sufficient stiffness and flexibility to the stimulation member 

elongate body 322 to elastically return the least two elongate stimulation members 314 to their 

curved configuration when placed in the vasculature of a patient. 

The wire 366 can be formed of a variety of metals or metal alloys. Examples of such 

20 metals or metal alloys include surgical grade stainless steel, such as austenitic 316 stainless 

among others, and the nickel and titanium alloy known as Nitinol. Other metals and/or metal 

alloys, as are known, can be used. 

The at least two elongate stimulation members 314 can also include an anchor wire 344, 

as discussed herein, extending longitudinally through a lumen in the stimulation member 

25 elongate body 322 and the elongate body 302. The anchor wire 344 includes a first end 346 

extending from the elongate body 302 and a second end 348 having an anchoring structure (e.g., 

a barb). The anchor wire 344 can be advance through the lumen (e.g, longitudinal force can be 

applied to the first end 346 of the anchor wire 344) to extend the anchoring structure away from 

the stimulation member elongate body 314. In addition to the use of the anchor member 336 in 

30 helping to better anchor the catheter 300 in the patient, as discussed herein, the anchor wire 344 

can also be used to help secure the catheter 300 in the patient at the desired location. Optionally, 
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the anchor wire 344 can be configured and used as an electrode with the stimulation system of 

the present disclosure. 

The catheter 300 further includes a pulmonary artery catheter 391, as discussed herein. 

As illustrated, the pulmonary artery catheter 391 (partially shown to show detail of catheter 300) 

5 that can be used with catheter 300 to provide for a catheter system. The pulmonary artery 

catheter 391 includes an elongate catheter body 3100 with a first end 3102, a second end 3104, a 

peripheral surface 3106 and an interior surface 3108, opposite the peripheral surface 3106. The 

interior surface 3108 defines a lumen 3110 that extends between the first end 3102 and the 

second end 3104 of the elongate catheter body 3100. The lumen 3110 is of a sufficient size and 

10 shape to house at least a portion of the catheter 300 inside the lumen 3110 during delivery of the 

catheter. For example, the anchor member 336 and the at least two elongate stimulation 

members 314, along with a least a portion of the elongate body 302, can be positioned within the 

lumen 3110. The anchor member 336, the at least two elongate stimulation members 314 and at 

least a portion of the elongate body 302 can be deployed from the distal end 3104 of the 

15 pulmonary artery catheter 391 during the delivery and implantation of the catheter 300. 

The pulmonary artery catheter 391 can further include an inflatable balloon 3112 on the 

peripheral surface 3106 of the elongate catheter body 3100. The inflatable balloon 3112 has a 

balloon wall 3114 with an interior surface 3116 that along with a portion of the peripheral 

surface 3106 of the elongate catheter body 3100 defines a fluid tight volume 3118. The 

20 pulmonary artery catheter 391 further includes an inflation lumen 3120 that extends through the 

elongate catheter body 3100, where the inflation lumen 3118 has a first opening 3122 into the 

fluid tight volume 3116 of the inflatable balloon 1112 and a second opening 3124 proximal to 

the first opening 3122 to allow for a fluid to move in the fluid tight volume 3118 to inflate and 

deflate the balloon 3112, as discussed herein. The catheter system shown in Fig. 3 can be used 

25 to position the catheter 300 in the main pulmonary artery and/or one or both of the pulmonary 

arteries of the patient, as described herein. The at least two elongate stimulation members 314 

and the anchor member 336 can be repositioned within the lumen 3110 of the pulmonary artery 

catheter 391 by moving the elongate catheter body 3100relative the elongate body 302 back over 

the at least two elongate stimulation members 314 and the anchor member 336. 

30 The catheter system illustrated in Fig. 3 can optionally include the positioning gauge, as 

discussed herein. 
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For the various embodiments, the electrode can have a variety of configurations and 

sizes. For example, the electrodes discussed herein can be ring-electrodes that fully encircle the 

body on which they are located. The electrodes discussed herein can also be a partial ring, where 

the electrode only partially encircles the body on which they are located. For example, the 

5 electrodes can be partial ring electrodes that preferably only contact the lumenal surface of the 

main pulmonary artery and/or pulmonary arteries, as discussed herein. This configuration may 

help to localize the stimulation electrical energy, as discussed herein, into the vascular and 

adjacent tissue structures (e.g., autonomic fibers) and away from the blood. The electrodes and 

conductive elements provided herein can be formed of a conductive biocompatible metal or 

10 metal alloy. Examples of such conductive biocompatible metal or metal alloys include, but are 

not limited to, titanium, platinum or alloys thereof. Other biocompatible metal or metal alloys 

are known. 

Referring now to Fig. 4, there is shown catheter 400 according to the present disclosure. 

As illustrated, catheter 400 includes an elongate body 402 having a first end 404 and a second 

15 end 406 distal from the first end 404. As illustrated, the elongate body 402 includes an elongate 

radial axis 408 that extends through the first end 404 and the second end 406 of the elongate 

body 402. As illustrated, a first plane 410 extends through the elongate radial axis 408 over the 

length of the elongate body 402. Catheter 400 further includes at least two elongate stimulation 

members 414, as discussed herein, that extend from the elongate body 402. Each of the at least 

20 two elongate stimulation members 414-1 and 414-2 curves into a first volume 416 defined at 

least in part by the first plane 410. For example, the at least two elongate stimulation members 

414 extend from approximately the second end 406 of the elongate body 402 into the first 

volume 416. 

Fig. 4 also illustrates at least one electrode 418 on each of the at least two elongate 

25 stimulation members 414. The electrodes 418 on the elongate stimulation members 414 form an 

electrode array on the first volume 416. The catheter 400 also includes conductive elements 420 

that extend through each of the elongate stimulation members 414. As discussed herein, the 

conductive elements 420 can conduct electrical current to combinations of two or more of the 

electrodes 418. 

30 Each of the at least two elongate stimulation members 414 includes a stimulation 

member elongate body 422 each having a distal end 424 that extends from the elongate body 
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402. As illustrated in Fig. 4, the at least two elongate stimulation members 414 curve only in the 

first volume 416 defined at least in part by the first plane 410. Fig. 4 also illustrates a second 

volume 430 defined at least in part by the first plane 410 (being opposite the first volume 416) 

that contains no electrodes. Fig. 4 also illustrate an embodiment in which the at least two 

5 elongate stimulation members 414 include a first elongate stimulation member 414-1 and a 

second elongate stimulation member 414-2, where the first elongate stimulation member 414-1 

curves into the first quadrant volume 432 and the second elongate stimulation member 414-2 

curves into the second quadrant volume 434, as previously discussed herein. The catheter 400 

also includes an anchor member 436 that extends from the elongate body 402 into the second 

10 volume 430. As illustrated, the anchor member 436 does not include an electrode. The anchor 

member 436 includes an elongate body 438 as previously discussed. Optionally, the anchor 

member 436 can be configured to include one or more of the electrode 418 as discussed herein. 

Each of the at least two elongate stimulation members 414 and the anchor member 436 

can also include a wire 466 extending longitudinally through the stimulation member elongate 

15 body 422 and the elongate body 438, respectively. The wire 466 can provide each of the at least 

two elongate stimulation members 414 and the anchor member 436 with a predefined shape. For 

example, the wire 466 in each of the at least two elongate stimulation members 414 and the 

anchor member 436 can have a coil or helical configuration that imparts a curve to the 

stimulation member elongate body 422 and the elongate body 438, respectively. The wire 466 

20 can also impart stiffness to the stimulation member elongate body 422 that is sufficient to 

maintain the predefined shape under the conditions within the vasculature of the patient. So, for 

example, the wire 466 provides sufficient stiffness and flexibility to the stimulation member 

elongate body 422 to elastically return the least two elongate stimulation members 414 to their 

curved configuration when placed in the vasculature of a patient. The wire 466 can be formed of 

25 a variety of metals or metal alloys as discussed herein. 

The at least two elongate stimulation members 414 can also include an anchor wire 444 

extending longitudinally through the stimulation member elongate body 422. The anchor wire 

444 includes a first end 446 extending from the elongate body 402 and a second end 448 having 

an anchoring structure (e.g., a barb). Longitudinal force applied to the first end 446 of the 

30 anchor wire 444 advances the anchor wire 444 through the stimulation member elongate body 

414 to extend the anchoring structure away from the stimulation member elongate body 414. 
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Optionally, the anchor wire 444 can be configured and used as an electrode with the stimulation 

system of the present disclosure. 

The catheter 400 further includes a pulmonary artery catheter 491, as discussed herein. 

As illustrated, the pulmonary artery catheter 491 (partially shown to show detail of catheter 400) 

5 that can be used with catheter 400 to provide for a catheter system. The pulmonary artery 

catheter 491 includes an elongate catheter body 4100 with a first end 4102, a second end 4104, a 

peripheral surface 4106 and an interior surface 4108, opposite the peripheral surface 4106. The 

interior surface 4108 defines a lumen 4110 that extends between the first end 4102 and the 

second end 4104 of the elongate catheter body 4100. The lumen 4110 is of a sufficient size and 

10 shape to house at least a portion of the catheter 400 inside the lumen 4110 during delivery of the 

catheter. For example, the anchor member 436 and the at least two elongate stimulation 

members 414, along with a least a portion of the elongate body 402, can be positioned within the 

lumen 4110. The anchor member 436, the at least two elongate stimulation members 414 and at 

least a portion of the elongate body 402 can be deployed from the distal end 4104 of the 

15 pulmonary artery catheter 491 during the delivery and implantation of the catheter 400. 

The pulmonary artery catheter 491 can further include an inflatable balloon 4112 on the 

peripheral surface 4106 of the elongate catheter body 4100. The inflatable balloon 4112 has a 

balloon wall 4114 with an interior surface 4116 that along with a portion of the peripheral 

surface 4106 of the elongate catheter body 4100 defines a fluid tight volume 4118. The 

20 pulmonary artery catheter 491 further includes an inflation lumen 4120 that extends through the 

elongate catheter body 4100, where the inflation lumen 4118 has a first opening 4122 into the 

fluid tight volume 4116 of the inflatable balloon 1112 and a second opening 4124 proximal to 

the first opening 4122 to allow for a fluid to move in the fluid tight volume 4118 to inflate and 

deflate the balloon 4112, as discussed herein. The catheter system shown in Fig. 4 can be used 

25 to position the catheter 400 in the main pulmonary artery and/or one or both of the pulmonary 

arteries of the patient, as described herein. The at least two elongate stimulation members 414 

and the anchor member 436 can be repositioned within the lumen 4110 of the pulmonary artery 

catheter 491 by moving the elongate catheter body 4100 relative the elongate body 402 back 

over the at least two elongate stimulation members 414 and the anchor member 436. 

30 The catheter system illustrated in Fig. 4 can optionally include the positioning gauge, as 

discussed herein. 
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Referring now to Figs. 5A and 5B, there is shown alternative embodiments of the 

pulmonary artery catheter 591 that can be used with the catheter (e.g., catheter 100, 200, 300 or 

400) according to the present disclosure. As illustrated, the pulmonary artery catheter 591 

includes an elongate catheter body 5100 with a first end 5102, a second end 5104, a peripheral 

5 surface 5106 and an interior surface 5108, opposite the peripheral surface 5106. The interior 

surface 5108 defines a lumen 5110 that extends between the first end 5102 and the second end 

5104 of the elongate catheter body 5100. The lumen 5110 is of a sufficient size and shape to 

house at least a portion of the catheter 100, 200, 300 or 400 inside the lumen 5110 during 

delivery of the catheter. For example, the anchor member and the at least two elongate 

10 stimulation members, along with a least a portion of the elongate body, can be positioned within 

the lumen 5110. The anchor member, the at least two elongate stimulation members and at least 

a portion of the elongate body can be deployed from the distal end 5104 of the pulmonary artery 

catheter 591 during the delivery and implantation of the catheter 100, 200, 300 or 400. 

The pulmonary artery catheter 591 includes an inflatable balloon 5112. As illustrated, 

15 the inflatable balloon 5112 is positioned on an elongate inflation catheter body 5300 that passes 

through a balloon lumen 5302. The balloon lumen 5302 is defined by lumen surface 5304 that 

can extend from the first end 5102 through the second end 5104 of the elongate catheter body 

5100. The balloon lumen 5302 has a cross-sectional dimension that allows the elongate inflation 

catheter body 5300 to longitudinally move within the balloon lumen 5302. As such, the 

20 inflatable balloon 5112 can be moved relative the distal end 5104 of the pulmonary artery 

catheter 591. 

The inflatable balloon 5112 has a balloon wall 5114 with an interior surface 5116 that 

along with a portion of a peripheral surface 5106 of the elongate inflation catheter body 5300 

defines a fluid tight volume 5118. The elongate inflation catheter body 5300 further includes an 

25 inflation lumen 5120 that extends through the elongate inflation catheter body 5300, where the 

inflation lumen 5118 has a first opening 5122 into the fluid tight volume 5116 of the inflatable 

balloon 5112 and a second opening 5124 proximal to the first opening 5122 to allow for a fluid 

to move in the fluid tight volume 5118 to inflate and deflate the balloon 5112. A syringe, or 

other known devices, containing the fluid (e.g., saline or a gas (e.g., oxygen)) can be used to 

30 inflate and deflate the balloon 5112. The cross-sectional dimension of the balloon lumen 5302 is 

also sufficient to allow the inflatable balloon 5112 in its fully deflated state to be housed within 
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the lumen 5302. The inflatable balloon 5112 along with at least a portion of the elongate 

inflation catheter body 5300 can be extended from the second end 5104 when the inflatable 

balloon 5112 is to be inflated. 

Fig. 5B illustrates an alternative embodiment of the pulmonary artery catheter 591 that 

5 can be used with the catheter 100, 200, 300 or 400 according to the present disclosure. As with 

the pulmonary artery catheter 591 illustrated in Fig. 5A, the pulmonary artery catheter 591 

includes the elongate catheter body 5100 with the first end 5102, the second end 5104, the 

peripheral surface 5106 and the interior surface 5108, opposite the peripheral surface 5106. The 

interior surface 5108 defines the lumen 5110 that extends between the first end 5102 and the 

10 second end 5104 of the elongate catheter body 5100. The lumen 5110 is of a sufficient size and 

shape to house at least a portion of the catheter 100, 200, 300 or 400 inside the lumen 5110 

during delivery of the catheter. For example, the anchor member and the at least two elongate 

stimulation members, along with a least a portion of the elongate body, can be positioned within 

the lumen 5110 (the embodiment illustrated in Fig. 5B has the catheter 100, 200, 300 or 400 fully 

15 inside the lumen 5110). The anchor member, the at least two elongate stimulation members and 

at least a portion of the elongate body can be deployed from the distal end 5104 of the pulmonary 

artery catheter 591 during the delivery and implantation of the catheter 100, 200, 300 or 400. 

The pulmonary artery catheter 591 illustrated in Fig. 5B also includes two of the 

inflatable balloons 5112 (shown as 5112-1 and 5112-2 in Fig. 5B). As illustrated, each of the 

20 inflatable balloons 5112-1 and 5112-2 are positioned on separate elongate inflation catheter 

bodies 5300-1 and 5300-2, where each of the elongate inflation catheter bodies 5300-1 and 5300-

2 pass through a balloon lumen 5302-1 and 5302-2, respectively. As illustrated, each balloon 

lumen 5302-1 and 5302-2 is defined by a lumen surface 5304-1 and 5304-2, respectively, which 

can extend from the first end 5102 through the second end 5104 of the elongate catheter body 

25 5100. The balloon lumen 5302-1 and 5302-2 each have a cross-sectional dimension that allows 

the elongate inflation catheter body 5300-1 and 5300-2 to longitudinally move within their 

respective balloon lumen 5302-1 and 5302-2. As such, each of the inflatable balloons 5112-1 

and/or 5112-2 can be independently moved relative the distal end 5104 of the pulmonary artery 

catheter 591. As with Fig. 5 A, the cross-sectional dimension of each balloon lumen 5302-1 and 

30 5302-2 is sufficient to allow each respective inflatable balloon 5112-1 and 5112-2 in its fully 

deflated state to be housed within each respective lumen 5302-1 and 5302-2. Each inflatable 
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balloon 5112-1 and 5112-2 along with at least a portion of the elongate inflation catheter body 

5300-1 and 5300-2 can independently be extended from the second end 5104 when the inflatable 

balloon 5112-1 and/or 5112-2 is to be inflated. 

Each of the inflatable balloons 5112-1 and 5112-2 has a balloon wall 5114-1 and 5114-2 

5 with an interior surface 5116-1 and 5116-2, respectively, which along with a portion of a 

peripheral surface 5106 of the elongate inflation catheter body 5300-1 and 5300-2 define a fluid 

tight volume 5118-1 and 5118-2, respectively. The elongate inflation catheter body 5300 further 

includes an inflation lumen 5120-1 and 5120-2 that extends through the elongate inflation 

catheter body 5300-1 and 5300-2, respectively, where the inflation lumen 5118-1 has a first 

10 opening 5122 into the fluid tight volume 5116-1, 5116-2 of the inflatable balloon 5112-1 and 

5112-2 and a second opening 5124-1 and 5124-2 proximal to the first opening 5122-1 and 5122-

2 to allow for a fluid to move in the fluid tight volume 5118-1 and 5118-2 to inflate and deflate 

the balloon 5112-1 and 5112-2. Each of the inflatable balloons 5112-1 and 5112-2 can be 

independently moved relative the second end 5104 of the elongate body 5100 as well as 

15 independently inflated, as discussed herein. 

The pulmonary artery catheter 591 further includes a positioning gauge 552. The 

positioning gauge 552 includes an elongate gauge body 554 with a first end 556 and a bumper 

end 558 distal to the first end 556. The elongate gauge body 554 can be moved longitudinally 

within a lumen 550 defined by a surface that extends through the elongate catheter body 5100. 

20 The elongate gauge body 554 extends through the first lumen 550 of the elongate catheter body 

5100 to position the bumper end 558 beyond the second end 5104 of the elongate catheter body 

5100. The first end 556 of the position gauge 552 extends from the first end 5102 of the elongate 

catheter body 5100, where the elongate gauge body 554 includes a marking 5200 that indicates a 

length between the second end 5104 of the elongate catheter body 5100 and the bumper end 558 

25 of the position gauge 552. 

The pulmonary artery catheter 591 can also include a first anchor 529 that extends 

laterally from the peripheral surface 5106 of the elongate catheter body 5100. As illustrated, the 

first anchor 529 has struts 531 that form an open framework. The struts 531 have a peripheral 

surface 533 having a largest outer dimension that allows the first anchor 529 when deployed to 

30 engage a surface of the main pulmonary artery and/or one or both of the pulmonary arteries. A 
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sheath can cover and hold the first anchor 529 in an undeployed state as the pulmonary artery 

catheter 591 and the catheter 100, 200, 300, 400 are being introduced into the patient. 

The catheter system shown in Figs. 5A and 5B can be used to position the catheter 100, 

200, 300 and/or 400 in the main pulmonary artery and/or one or both of the pulmonary arteries of 

5 the patient, as described herein. To accomplish this, the pulmonary artery catheter 591 with the 

catheter positioned within the lumen 5110 is introduced into the vasculature through a 

percutaneous incision, and guided to the right ventricle using known techniques. For the catheter 

system of Fig. 5 A, the balloon 5112 is inflated, as described, to allow the pulmonary artery 

catheter 191 and the catheter 100 to be carried by the flow of blood from the right ventricle to the 

10 main pulmonary artery or one of the pulmonary arteries. Once the pulmonary artery catheter 591 

and the catheter 100, 200, 300, 400 have been carried from the right ventricle into the main 

pulmonary artery or one of the pulmonary arteries the sheath can be retracted, allowing the first 

anchor 529 to deploy within the main pulmonary artery. The first anchor 529 can be brought 

back into its undeployed state by positioning the sheath (advancing the sheath) back over the first 

15 anchor 529. 

With the first anchor 529 in its deployed position, the positioning gauge 552 can be used 

to determine a length between the second end 5104 of the elongate catheter body 5100 and the 

top of the main pulmonary artery (e.g., a location distal to the pulmonary valve and adjacent to 

both the pulmonary arteries). Knowing this length, the catheter 100, 200, 300, 400 can be 

20 advanced from the lumen 5110 of the elongate catheter body 5100 to a location between the 

second end 5104 of the elongate catheter body 5100 and the top of the main pulmonary artery. 

This location can be determined using markings (e.g., markings providing a length in, for 

example, millimeters) on a portion of the elongate body of the catheter 100, 200, 300, 400 that 

extends proximally from the first end 5102 of the elongate catheter body 5100. Referring now 

25 to Figs. 6A through 6D, there is shown an additional embodiment of a catheter 600 according to 

the present disclosure. The catheter 600 includes an elongate catheter body 601 having a first 

end 603 and a second end 605. The elongate catheter body 601 also includes a peripheral surface 

607 and an interior surface 609 defining an inflation lumen 611 (shown with a broken line) that 

extends at least partially between the first end 603 and the second end 605 of the elongate 

30 catheter body 601. 
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The catheter 600 includes an inflatable balloon 613 on the peripheral surface 607 of the 

elongate catheter body 601. The inflatable balloon 613 includes a balloon wall 615 with an 

interior surface 617 that along with a portion of the peripheral surface 607 of the elongate 

catheter body 601 defines a fluid tight volume 619. The inflation lumen 611 has a first opening 

5 621 into the fluid tight volume 619 of the inflatable balloon 613 and a second opening 623 

proximal to the first opening 621 to allow for a fluid to move in the volume 619 to inflate and 

deflate the balloon 613. 

The catheter 600 further includes a plurality of electrodes 625 positioned along the 

peripheral surface 607 of the elongate catheter body 601. The plurality of electrodes 625 are 

10 located between the inflatable balloon 613 and the first end 603 of the elongate catheter body 

601. Conductive elements 627 extend through the elongate catheter body 601, where the 

conductive elements 627 conduct electrical current to combinations of two or more of the at least 

one electrode of the plurality of electrodes 625. 

The catheter 600 further includes a first anchor 629 that extends laterally from the 

15 peripheral surface 607 of the elongate body 601, the first anchor 629 having struts 631 forming 

an open framework. The struts 631 have a peripheral surface 633 having a largest outer 

dimension greater than the largest outer dimension of the inflatable balloon 613 (e.g., its largest 

diameter). As illustrated, the first anchor 629 has a center point 635 relative the peripheral 

surface 633 that is eccentric relative a center point 637 of the elongate catheter body 601 relative 

20 the peripheral surface 607. 

Figs. 6A and 6B both show the first anchor 629. Fig. 6A shows the first anchor 629 

positioned between the inflatable balloon 613 and the plurality of electrodes 625 positioned 

along the peripheral surface 607 of the elongate catheter body 601. Fig. 6B shows the first 

anchor 629 positioned between the plurality of electrodes 625 positioned along the peripheral 

25 surface 607 of the elongate catheter body 601 and the first end 603 of the elongate catheter body 

601. 

For the catheter 600 shown in Fig. 6A, a portion 639 of the elongate catheter body 601 

that includes the plurality of electrodes 625 curves in a predefined radial direction when placed 

under longitudinal compression. To provide this portion 639 that includes the plurality of 

30 electrodes 625, the elongate catheter body 601 can be pre-stressed and/or the wall can have 

thicknesses that allow for the elongate catheter body 601 to curve in the predefined radial 
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direction when placed under longitudinal compression. In addition, or alternatively, structures 

such as coils or a helix of wire having different turns per unit length can be located within the 

elongate catheter body 601 in the portion 639. One or more of these structures can be used to 

allow the longitudinal compression to create the curve in the predefined radial direction in the 

5 portion 639. To achieve the longitudinal compression, the first anchor 629 can be deployed in 

the vasculature of the patient (e.g., in the pulmonary artery), where the first anchor 629 provides 

a location or point of resistance against the longitudinal movement of the elongate body 601. As 

such, this allows a compressive force to be generated in the elongate catheter body 601 sufficient 

to cause the portion 639 of the elongate catheter body 601 along which the plurality of electrodes 

10 625 are present to curve in the predefined radial direction. 

Fig. 6C provides an illustration of the portion 639 of the elongate catheter body 601 

curved in a predefined radial direction when placed under longitudinal compression. The catheter 

600 illustrated in Fig. 6C is shown in Fig. 6A and is described herein. As illustrated, the catheter 

600 has been at least partially positioned within the main pulmonary artery 6500 of a patient's 

15 heart (the catheter 600 can also be at least partially positioned within the right pulmonary artery 

as illustrated), where the balloon 613 and the first anchor 629 are located in the lumen of the left 

pulmonary artery 6502. From this position, a compressive force applied to the elongate catheter 

body 601 can cause the portion 639 of the elongate catheter body 601 along which the plurality 

of electrodes 625 to curve in the predefined radial direction. This allows the plurality of 

20 electrodes 625 to extend towards and/or touch the lumenal surface of the main pulmonary artery. 

Preferably, the plurality of electrodes 625 are brought into position and/or contact with the 

lumenal surface of the main pulmonary artery. 

Providing a rotational torque at the first end 603 of the elongate catheter body 601 can 

help to move the plurality of electrodes 625 relative the lumenal surface. This allows the 

25 professional to "sweep" the plurality of electrodes 625 into different positions along the lumenal 

surface of the main pulmonary artery. As discussed herein, this allows for the patient's cardiac 

response to the stimulation electrical energy to be monitored and recorded at a variety of 

locations along the lumenal surface of the pulmonary artery. In this way, a preferred location for 

the position of the electrodes 625 along the lumenal surface of the main pulmonary artery can be 

30 identified. 
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Alternatively, for the catheter 600 shown in Fig. 6B, the elongate catheter body 601 can 

include a second interior surface 641 defining a shaping lumen 643 that extends from the first 

end 603 towards the second end 605. The catheter 600 of Fig. 6B can also include a shaping 

wire 645 having a first end 647 and a second end 649. The shaping lumen 643 has a size (e.g., a 

5 diameter) sufficient to allow the shaping wire 645 to pass through the shaping lumen 643 with 

the first end 647 of the shaping wire 645 proximal to the first end 603 of the elongate catheter 

body 601 and the second end 649 of the shaping wire 645 joined to the elongate catheter body 

601 so that the shaping wire 645 imparts a curve into the portion 639 of the elongate catheter 

body 601 having the plurality of electrodes 625 when tension is applied to the shaping wire 645. 

10 Fig. 6D provides an illustration of the portion 639 of the elongate catheter body 601 

curved in a predefined radial direction when using the shaping lumen and shaping wire as 

discussed herein (the catheter 600 illustrated in Fig. 6D is shown in Fig. 6B and is described 

herein). As illustrated, the catheter 600 has been at least partially positioned within the main 

pulmonary artery 6500 of a patient's heart, where the balloon 613 is located in the lumen of the 

15 left pulmonary artery 6502 and the first anchor 629 is located in the main pulmonary artery 6504. 

From this position, the shaping wire can be used to impart the curve into the portion 639 of the 

elongate catheter body 601 having the plurality of electrodes 625 when tension is applied to the 

shaping wire 645. This allows the plurality of electrodes 625 to extend towards and/or touch the 

lumenal surface of the main pulmonary artery (the catheter 600 can also be at least partially 

20 positioned within the right pulmonary artery as illustrated). Preferably, the plurality of 

electrodes 625 are brought into position and/or contact with the lumenal surface of the main 

pulmonary artery. 

Providing a rotational torque at the first end 603 of the elongate catheter body 601 can 

help to move the plurality of electrodes 625 relative the lumenal surface of the main pulmonary 

25 artery (and possibly the right or left pulmonary artery). This allows the professional to "sweep" 

the plurality of electrodes 625 into different positions along the lumenal surface of the main 

pulmonary artery, as discussed herein, so as to identify a preferred location for the position of the 

electrodes 625 along the lumenal surface of the main pulmonary artery. 

The catheter 600 of Figs. 6A and 6B both include an elongate delivery sheath 651 having 

30 a lumen 653 that extends over a peripheral surface 607 of the elongate body 601. The elongate 

delivery sheath 651, in a first position, can have the first anchor 629 positioned within the lumen 
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653 of the elongate delivery sheath 651. As the elongate delivery sheath 651 moves relative the 

peripheral surface 607 of the elongate body 601 the first anchor 629 extends from the peripheral 

surface 607 of the elongate body 601. 

Referring now to Fig. 7, there is shown an additional embodiment of a catheter 700 

5 according to the present disclosure. As described for catheter 600, catheter 700 includes an 

elongate catheter body 701 having a first end 703 and a second end 705, a peripheral surface 707 

and an interior surface 709 defining an inflation lumen 711 that extends at least partially between 

the first end 703 and the second end 705 of the elongate catheter body 701. Catheter 700 

includes an inflatable balloon 713 on the peripheral surface 707 of the elongate catheter body 

10 701, the inflatable balloon 713 having a balloon wall 715 with an interior surface 717 that along 

with a portion of the peripheral surface 707 of the elongate catheter body 701 defines a fluid 

tight volume 719. The inflation lumen 711 has a first opening 721 into the fluid tight volume 

719 of the inflatable balloon 713 and a second opening 723 proximal to the first opening 721 to 

allow for a fluid to move in the volume 719 to inflate and deflate the balloon 713. 

15 The catheter 700 includes a plurality of electrodes 725 positioned along the peripheral 

surface 707 of the elongate catheter body 701. The plurality of electrodes 725 are located 

between the inflatable balloon 713 and the first end 703 of the elongate catheter body 701. 

Conductive elements 727 extend through the elongate catheter body 701, where the conductive 

elements 727 conduct electrical current to combinations of two or more of the at least one 

20 electrode of the plurality of electrodes 725. 

The catheter 700 further includes a first anchor 729 and a second anchor 755 that both 

extend laterally from the peripheral surface 707 of the elongate body 701. Both the first anchor 

729 and the second anchor 755 have struts 731 that form an open framework for the anchors. The 

struts 731 have a peripheral surface 733 having a largest outer dimension greater than the largest 

25 outer dimension of the inflatable balloon 713 (e.g., its largest diameter). As illustrated, the first 

anchor 729 has a center point 735 relative the peripheral surface 733 that is eccentric relative a 

center point 737 of the elongate catheter body 701 relative the peripheral surface 707. In 

contrast, the second anchor 755 has a center point 735 relative the peripheral surface 733 that is 

concentric relative the center point 737 of the elongate catheter body 701 relative the peripheral 

30 surface 707. 
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The catheter 700 includes an elongate delivery sheath 751 having a lumen 753 that 

extends over a peripheral surface 707 of the elongate body 701. The elongate delivery sheath 

751, in a first position, can have the first anchor 729 and the second anchor 755 positioned 

within the lumen 753 of the elongate delivery sheath 751. As the elongate delivery sheath 751 

5 moves relative to the peripheral surface 707 of the elongate body 701 the first anchor 729 

extends from the peripheral surface 707 of the elongate body 701. As the elongate delivery 

sheath 751 moves further away from the inflatable balloon 713 relative the peripheral surface 

707 the second anchor 755 extends from the peripheral surface 707 of the elongate body 701. 

As illustrated, the plurality of electrodes 725 are located between the first anchor 729 and 

10 the second anchor 755. A portion 739 of the elongate catheter body 701 that includes the 

plurality of electrodes 725 can be made to curve in a predefined radial direction in a variety of 

ways. For example, the portion 739 of the elongate catheter body 701 that includes the plurality 

of electrodes 725 can be made to curve in the predefined radial direction when placed under 

longitudinal compression (as discussed herein). As with catheter 600, to provide this portion 739 

15 that includes the plurality of electrodes 725, the elongate catheter body 701 can be pre-stressed 

and/or the wall can have thicknesses that allow for the elongate catheter body 701 to curve in the 

predefined radial direction when placed under longitudinal compression. In addition, or 

alternatively, structures such as coils of a helix of wire having different turns per unit length can 

be located within the elongate catheter body 701 in the portion 739. One or more of these 

20 structures can be used to allow the longitudinal compression to create the curve in the predefined 

radial direction in the portion 739. 

To achieve the longitudinal compression, the first anchor 729 can be deployed in the 

vasculature of the patient, as discussed herein, where the first anchor 729 provides a location or 

point of resistance against the longitudinal movement of the elongate body 701. As discussed 

25 herein, this can be accomplished by moving the elongate delivery sheath 751 relative the 

peripheral surface 707 of the elongate body 701 so as to allow the first anchor 729 to extend 

from the peripheral surface 707 of the elongate body 701. Once deployed, the first anchor 729 

allows a compressive force to be generated in the elongate catheter body 701 sufficient to cause 

the portion 739 of the elongate catheter body 701 along which the plurality of electrodes 725 are 

30 present to curve in the predefined radial direction. Once the curve is formed in the predefined 

radial direction the elongate delivery sheath 751 is moved further away from the inflatable 
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balloon 713 relative the peripheral surface 707 so as to allow the second anchor 755 to extend 

from the peripheral surface 707 of the elongate body 701. 

Alternatively, the elongate catheter body 701 of the catheter 700 can include a second 

interior surface 741 defining a shaping lumen 743 that extends from the first end 703 towards the 

5 second end 705. The catheter 700 can also include a shaping wire 745 having a first end 747 and 

a second end 749, where the shaping lumen 743 has a size (e.g., a diameter) sufficient to allow 

the shaping wire 745 to pass through the shaping lumen 743 with the first end 747 of the shaping 

wire 745 proximal to the first end 703 of the elongate catheter body 701 and the second end 749 

of the shaping wire 745 joined to the elongate catheter body 701 so that the shaping wire 745 

10 imparts a curve into the portion 739 of the elongate catheter body 701 having the plurality of 

electrodes 725 when tension is applied to the shaping wire 745. 

Referring now to Fig. 8, there is shown an additional embodiment of the catheter 800. As 

discussed above, catheter 800 includes the elongate catheter body 801 having the first end 803, 

the second end 805, the peripheral surface 807 and the interior surface 809 defining the inflation 

15 lumen 811 that extends at least partially between the first end 803 and the second end 805 of the 

elongate catheter body 801. The catheter 800 also includes, as discussed herein, the inflatable 

balloon 813 on the peripheral surface 807 of the elongate catheter body 801, where the inflatable 

balloon 813 has the balloon wall 815 with the interior surface 817 that along with a portion of the 

peripheral surface 807 of the elongate catheter body 801 defines the fluid tight volume 819. The 

20 inflation lumen 811 has the first opening 821 into the fluid tight volume 819 of the inflatable 

balloon 815 and the second opening 823 proximal to the first opening 821 to allow for a fluid to 

move in the volume 819 to inflate and deflate the balloon 815. 

The elongate catheter body 801 also includes a first anchor 829 that can extend laterally 

from the peripheral surface 807 of the elongate catheter body 801. As discussed herein, the first 

25 anchor 829 includes struts 831 forming an open framework with a peripheral surface 833 having 

a largest outer dimension greater than the largest outer dimension of the inflatable balloon 813 

(e.g., its largest diameter). As illustrated, the first anchor 829 has a center point 835 relative the 

peripheral surface 833 that is eccentric relative a center point 837 of the elongate catheter body 

801 relative the peripheral surface 807. 

30 The catheter 800 further includes an electrode catheter 857 having an electrode elongate 

body 859 and a plurality of electrodes 825 positioned along a peripheral surface 861 of the 

33 



WO 2015/179634 PCT/US2015/031960 

electrode elongate body 859. Conductive elements 863 extend through the electrode elongate 

body 859 of the electrode catheter 857, where the conductive elements 863 conduct electrical 

current to combinations two or more of the at least one electrode of the plurality of electrodes 

825. As illustrated, the first anchor 829 is positioned between the inflatable balloon 813 and the 

5 plurality of electrodes 825 positioned along the peripheral surface of the electrode elongate body 

859. 

The catheter 800 further includes an attachment ring 865 joined to the electrode catheter 

857 and positioned around the peripheral surface 861 of the elongate catheter body 801 proximal 

to both the first anchor 829 and the inflatable balloon 813. The attachment ring 865 holds a 

10 distal end 867 of the electrode catheter 857 in a static relationship to the elongate catheter body 

801. From this position the portion 839 of the electrode elongate body 859 that includes the 

plurality of electrodes 825 can be made to curve in a predefined radial direction, as previously 

discussed. The configuration of the portion 839 of the electrode elongate body 859 that includes 

the plurality of electrodes 825 that curves can be as discussed herein. 

15 Fig. 8 also illustrates the elongate delivery sheath 851 having a lumen 853 that extends 

over the peripheral surface of the elongate catheter body 801 and the electrode catheter 857. The 

elongate delivery sheath 851, in a first position, can have the first anchor 829 positioned within 

the lumen 853 of the elongate delivery sheath 851. As the elongate delivery sheath 851 moves 

relative the peripheral surface 807 of the elongate body 801 and the peripheral surface 861 of the 

20 electrode catheter 857 the first anchor 829 extends from the peripheral surface 807 of the 

elongate body 801. 

Referring now to Fig. 9, there is shown a catheter system 969. The catheter system 969 

includes an elongate catheter body 902 having a first end 904, a second end 906, a peripheral 

surface 976 and an interior surface 984 defining an inflation lumen 994 that extends at least 

25 partially between the first end 904 and the second end 906 of the elongate catheter body 902. 

The elongate catheter body 902 includes a elongate radial axis 908 defined by an intersection of 

a first plane 910 and a second plane 912 perpendicular to the first plane 910, where the elongate 

radial axis 908 extends through the first end 904 and the second end 906 of the elongate catheter 

body 902. 

30 The catheter system 969 further includes an inflatable balloon 978 on the peripheral 

surface 976 of the elongate catheter body 902. The inflatable balloon 978 has a balloon wall 988 
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with an interior surface 990 that along with a portion of the peripheral surface 976 of the 

elongate catheter body 902 defines a fluid tight volume 992. The inflation lumen 994 has a first 

opening 996 into the fluid tight volume 992 of the inflatable balloon 978 and a second opening 

998 proximal to the first opening 996 to allow for a fluid to move in the volume 992 to inflate 

5 and deflate the balloon 978. 

The catheter system 969 further includes an electrode cage 9690 having two or more of a 

rib 971 that extend radially away from the peripheral surface 976 of the elongate catheter body 

902 towards the inflatable balloon 978. As illustrated, each of the two or more of the rib 971 of 

the electrode cage 9690 have a first end 9692 that extends away from the elongate catheter body 

10 901 towards the inflatable balloon 978. Each of the first end 9692 of the two or more of the rib 

971 of the electrode cage 9690 is free relative to every other first end of the two or more of the 

rib 971. In addition, the two or more of the rib 971 of the electrode cage 969 curve into a first 

half 916 of the first plane 910. Each of the ribs 971 of the electrode cage 969 also includes one 

or more electrodes 925. The one or more electrodes 925 on each of the rib 971 form an electrode 

15 array on the first half 916 of the first plane 910. The catheter system 969 further includes 

conductive elements 920 extending through the two or more of the rib 971 of the electrode cage 

969 and the elongate catheter body 901, where the conductive elements 920 conduct electrical 

current to combinations of the two or more electrodes 925 in the electrode array. 

The catheter system 969 also includes an anchoring cage 973 having two or more of the 

20 rib 971 that extend radially away from the peripheral surface 976 of the elongate catheter body 

901 towards the inflatable balloon 978. As illustrated, the two or more of the rib 971 of the 

anchoring cage 973 curve into the second half 934 of the first plane 910, where the two or more 

of the rib 971 of the anchoring cage 973 do not include an electrode. 

The catheter system 969 can further include a second inflatable balloon on the peripheral 

25 surface of the elongate catheter body. For example, the elongate catheter body can further 

include a third end and a second interior surface defining a second inflation lumen that extends at 

least partially between the first end and the third end of the elongate catheter body. The second 

inflatable balloon is located on the peripheral surface of the elongate catheter body adjacent the 

third end of the elongate catheter body. As with the first inflatable balloon, the second inflatable 

30 balloon includes a balloon wall with an interior surface that along with a portion of the peripheral 

surface of the elongate catheter body defines a fluid tight volume. The second inflation lumen 
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has a first opening into the fluid tight volume of the second inflatable balloon and a second 

opening proximal to the first opening to allow for a fluid to move in the volume to inflate and 

deflate the second balloon. 

Fig. 9 also illustrates the elongate delivery sheath 951 having a lumen 953 that extends 

5 over the peripheral surface of the elongate catheter body 901 and the ribs 971 of both the 

electrode cage 969 and the anchoring cage 973. The elongate delivery sheath 951, in a first 

position, can have the ribs 971 of both the electrode cage 969 and the anchoring cage 973 within 

the lumen 953 of the elongate delivery sheath 951. As the elongate delivery sheath 951 moves 

relative the peripheral surface 907 of the elongate body 901 the ribs 971 of the electrode cage 

10 969 extend from the elongate body 901 to curve into the first half 916 of the first plane 910 and 

the ribs 971 of the anchoring cage 973 extend from the elongate body 901 to curve into the 

second half 934 of the first plane 910. 

Each of the catheters and/or catheter systems discussed herein can further include one or 

more reference electrodes positioned proximal to the one or more electrodes present on the 

15 elongate body. These one or more reference electrodes each include insulated conductive leads 

that extend from the catheter and/or catheter system so as to allow the one or more reference 

electrodes to be used as common or return electrodes for electrical current that is delivered 

through one or more of the one or more electrodes on the elongate body of the catheter and/or 

catheter system. 

20 The catheter and catheter systems of the present disclosure can be used to treat a patient 

with various cardiac conditions. Such cardiac conditions include, but are not limited to, acute 

heart failure, among others. As discussed herein, the one or more electrodes present on the 

catheter can be positioned within the main pulmonary artery and/or one or both of the pulmonary 

arteries. Preferably, the one or more electrodes are positioned in contact the lumenal surface of 

25 the main pulmonary artery (e.g., in physical contact with the surface of the posterior portion of 

the main pulmonary artery). As will be discussed herein, the one or more electrodes on the 

catheter and/or catheter system provided herein can be used to provide pulse of electrical energy 

between the electrodes and/or the reference electrodes. The electrodes of the present disclosure 

can be used in any one of a unipolar, bi-polar and/or a multi-polar configuration. Once 

30 positioned, the catheter and the catheter system of the present disclosure can provide the 

stimulation electrical energy to stimulate the nerve fibers (e.g., autonomic nerve fibers) 
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surrounding the main pulmonary artery and/or one or both of the pulmonary arteries in an effort 

to provide adjuvant cardiac therapy to the patient (e.g., electrical cardiac neuromodulation). 

In addition to the catheter and catheter system of the present disclosure, one or more 

sensing electrodes can be located on or within the patent. Among other things, the sensing 

5 electrodes can be used to detect signals indicting changes in various cardiac parameters, where 

these changes can be the result of the pulse of stimulation electrical energy delivered to stimulate 

the nerve fibers (e.g., autonomic nerve fibers) surrounding the main pulmonary artery and/or one 

or both of the pulmonary arteries. Such parameters include, but are not limited to, the patient's 

heart rate (e.g., pulse),, among other parameters. The sensing electrodes can also provide signals 

10 indicting changes in one or more electrical parameter of vasculature (electrical activity of the 

cardiac cycle). Such signals can be collected and displayed, as are known, using known devices 

(e.g., electrocardiography (ECG) monitor) or a stimulation system, as discussed herein, which 

receives the detected signals and provides information about the patient. 

Other sensors can also be used with the patient to detect and measure a variety of other 

15 signals indicting changes in various cardiac parameters. Such parameters can include, but are 

not limited to, blood pressure, blood oxygen level and/or gas composition of the patient's exhaled 

breath. For example, catheter and catheter system of the present disclosure can further include a 

pressure sensor positioned within or in-line with the inflation lumen for the inflatable balloon. 

Signals from the pressure sensor can be used to both detect and measure the blood pressure of 

20 the patient. Alternatively, the catheter and catheter system of the present disclosure can include 

an integrated circuit for sensing and measuring blood pressure and/or a blood oxygen level. 

Such an integrated circuit can be implemented using 0.18 urn CMOS technology. The oxygen 

sensor can be measured with optical or electrochemical techniques as are known. Examples of 

such oxygen sensors include reflectance or transmissive pulse oximetry those that use changes in 

25 absorbance in measured wavelengths optical sensor to help determined a blood oxygen level. 

For these various embodiments, the elongate body of the catheter can include the sensor (e.g., a 

blood oxygen sensor and/or a pressure sensor) and a conductive element, or elements, extending 

through each of the elongate body, where the conductive element conducts electrical signals 

from the blood oxygen sensor and/or the pressure sensor. The detected signals can also be used 

30 by the stimulation system to provide stimulation electrical energy in response to the detected 

signals. For example, one or more of these signals can be used by the stimulation system to 
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deliver the stimulation electrical energy to the one or more electrodes of the catheter or catheter 

system. So, for example, detected signals from the patent's cardiac cycle (e.g., ECG waves, 

wave segments, wave intervals or complexes of the ECG waves) can be sensed using the sensing 

electrodes and/or timing parameter of the subject's blood pressure. The stimulation system can 

5 receive these detected signals and based on the features of the signal(s) generate and deliver the 

stimulation electrical energy to the one or more electrode of the catheter or catheter system. As 

discussed herein, the stimulation electrical energy is of sufficient current and potential along with 

a sufficient duration to stimulate one or more of the nerve fibers surrounding the main 

pulmonary artery and/or one or both of the pulmonary arteries so as to provide neuromodulation 

10 to the patient. 

Referring now to Fig. 10, there is shown an illustration of a main pulmonary artery 10500 

of a heart 10502. The main pulmonary artery 10500 begins at the base of the right ventricle 

10504, having a diameter of approximately 3 centimeter (1.2 in) and a length of about 

approximately 5 centimeters (2.0 in). The main pulmonary artery 10500 branches into two 

15 pulmonary arteries (left and right) 10501, which deliver deoxygenated blood to the 

corresponding lung. As illustrated, the main pulmonary artery 10500 has a posterior surface 

10506 that arches over the left atrium and is adjacent the pulmonary vein. As discussed herein, 

the one or more electrodes of the catheter or catheter system of the present disclosure are 

positioned at least partially within the main pulmonary artery and/or a pulmonary artery with the 

20 electrode in contact with the posterior surface 10506. Other locations along the lumen of the 

main pulmonary artery and/or pulmonary arteries are also possible. 

Preferably, the one or more electrodes of the catheter or catheter system of the present 

disclosure are in contact with the posterior surface 10506 of the main pulmonary artery 10500 

and/or pulmonary arteries 10501. From this location, the stimulation electrical energy delivered 

25 through the one or more electrodes may be better able to treat and/or provide therapy (including 

adjuvant therapy) to the patient experiencing a variety of cardiovascular medical conditions, such 

as acute heart failure. The stimulation electrical energy can elicit responses from the autonomic 

nervous system that may help to modulate a patient's cardiac contractility. The stimulation 

electrical energy is intended to affect heart contractility more than the heart rate, thereby helping 

30 to improving hemodynamic control while possibly minimizing unwanted systemic effects. 
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As discussed herein, the catheter and/or catheter system of the present disclosure can be 

positioned in the pulmonary artery of the patient, where the one or more electrodes are 

positioned in contact the lumenal surface of the main pulmonary artery (e.g., in physical contact 

with the surface of the posterior portion of the main pulmonary artery). The stimulation system 

5 is electrically coupled to the one or more electrodes via the conductive elements, where the 

stimulation system can be used to deliver the stimulation electrical energy to the autonomic 

cardiopulmonary fibers surrounding the main pulmonary artery. 

The stimulation system is used to operate and supply the stimulation electrical energy to 

the one or more electrodes of the catheter or catheter system. The stimulation system controls 

10 the various parameters of the stimulation electrical energy delivered across the one or more 

electrodes. Such parameters include control of each electrodes polarity (e.g., used as a cathode 

or an anode), pulsing mode (e.g., unipolar, bi-polar and/or multi-polar), a pulse width, an 

amplitude, a frequency, a voltage, a current, a duration, a wavelength and/or a waveform 

associated with the stimulation electrical energy. The stimulation system may operate and 

15 supply the stimulation electrical energy to different combinations and numbers of the one or 

more electrodes, including the reference electrodes discussed herein. The stimulation system can 

be external to the patient's body for use by the professional to program the stimulation system 

and to monitor its performance. Alternatively, the stimulation system could be internal to the 

patient's body. When located within the patient, the housing of the stimulation system can be 

20 used as a reference electrode for both sensing and unipolar pulsing mode. 

As discussed herein, the stimulation system can be used to help identify a preferred 

location for the position of the one or more electrodes along the lumenal surface of the main 

pulmonary artery. To this end, the one or more electrodes of the catheter or catheter system are 

introduced into the patient and tests of various locations along the lumenal surface of the main 

25 pulmonary artery using the stimulation system are conducted so as to identify a preferred 

location for the electrodes, as discussed herein. During such a test, the stimulation system can be 

used to initiate and adjust the parameters of the stimulation electrical energy. Such parameters 

include, but are not limited to, terminating, increasing, decreasing, or changing the rate or pattern 

of the stimulation electrical energy. The stimulation system can also deliver stimulation 

30 electrical energy that are episodic, continuous, phasic, in clusters, intermittent, upon demand by 
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the patient or medical personnel, or preprogrammed to respond to a signal, or portion of a signal, 

sensed from the patient. 

By way of example, the stimulation electrical energy can have a voltage of about 0.1 

microvolts to about 75 volts (V), where voltage values of 1 V to 50 V, or 0.1 V to 10 V are also 

5 possible. The stimulation electrical energy can be delivered at a frequency of about 1 Hertz (Hz) 

to about 100,000 Hz, where frequency values of about 2 Hz to about 200 Hz are also possible. 

The stimulation electrical energy can have a pulse width of about 100 microseconds to about 100 

milliseconds. The stimulation electrical energy can also have a variety of wave forms, such as 

for example, square wave, biphasic square wave, sine wave, or other electrically safe and 

10 feasible combinations. The stimulation electrical energy may be applied to multiple target sites 

simultaneously or sequentially. 

An open-loop or closed-loop feedback mechanism may be used in conjunction with the 

present disclosure. For the open-loop feedback mechanism, a professional can monitor cardiac 

parameters and changes to the cardiac parameters of the patient. Based on the cardiac 

15 parameters the professional can adjust the parameters of the stimulation electrical energy applied 

to autonomic cardiopulmonary fibers. Non-limiting examples of cardiac parameters monitored 

include arterial blood pressure, central venous pressure, capillary pressure, systolic pressure 

variation, arterial blood gases, cardiac output, systemic vascular resistance, pulmonary artery 

wedge pressure, gas composition of the patient's exhaled breath and/or mixed venous oxygen 

20 saturation. Cardiac parameters can be monitored by an electrocardiogram, invasive 

hemodynamics, an echocardiogram, or blood pressure measurement or other devices known in 

the art to measure cardiac function. Other parameters such as body temperature and respiratory 

rate can also be monitored and processed as part of the feedback mechanism. 

In a closed-loop feedback mechanism, the cardiac parameters of the patient are received 

25 and processed by the stimulation system, as discussed herein, where the parameters of the 

stimulation electrical energy are adjusted based at least in part on the cardiac parameters. As 

discussed herein, a sensor is used to detect a cardiac parameter and generate a sensor signal. The 

sensor signal is processed by a sensor signal processor, which provides a control signal to a 

signal generator. The signal generator, in turn, can generate a response to the control signal by 

30 activating or adjusting one or more of the parameters of the stimulation electrical energy applied 

by the catheter or catheter system to the patient. The control signal can initiate, terminate, 
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increase, decrease or change the parameters of the stimulation electrical energy. It is possible for 

the one or more electrodes of the catheter or catheter system to be used as a sensor a recording 

electrode. When necessary these sensing or recording electrodes may delivery stimulation 

therapy as discussed herein. 

5 Referring now to Fig. 11, there is shown an embodiment of the stimulation system 11600. 

The stimulation system 11600 includes an input/output connector 11602 that releasably joins the 

conductive elements of the catheter or catheter system of the present disclosure. It is also 

possible that the conductive elements 120 are permanently coupled to the stimulation system 

(e.g., not releasably coupled). An input from the sensor can also be releasably coupled to the 

10 input/output connector 11602 so as to receive the sensor signal(s) discussed herein. 

The input/output connector 11602 is connected to an analog to digital converter 11604. 

The output of the analog to digital converter 11604 is connected to a microprocessor 11606 

through a peripheral bus 11608 including address, data and control lines. Microprocessor 11606 

can process the sensor data, when present, in different ways depending on the type of sensor in 

15 use. The microprocessor 11606 can also control, as discussed herein, the pulse control output 

generator 11610 that delivers the stimulation electrical energy to the one or more electrodes via 

the input/output connector 11602. 

The parameters of the stimulation electrical energy can be controlled and adjusted, as 

needed, by instructions programmed in a memory 11612 and executed by a programmable pulse 

20 generator 11613. The instructions in memory 11612 for the programmable pulse generator 

11613 can be set and/or modified based on input from the closed-looped system, via the 

microprocessor 11606. The instructions in memory 11612 for the programmable pulse generator 

11613 can also be set and/or modified through inputs from a professional via an input 

11614_connected through the peripheral bus 11608. Examples of such an input include a 

25 keyboard with a display screen or through a touch screen (not shown), as are known. The 

stimulation system 11600 can also include a communications port 11615 that connects to the 

peripheral bus 11608, where data and/or programming instructions can be received by the 

microprocessor 11606 and/or the memory 11612. 

Input from either a professional via the input 11614, the communications port 11615 or 

30 from the closed-looped system via the microprocessor 11606 can be used to change (e.g., adjust) 

the parameters of the stimulation electrical energy. The stimulation system 11600 can also 
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include a power source 11616. The power source 11616 can be a battery or a power source 

supplied from an external power supply (e.g., an AC/DC power converter coupled to an AC 

source). The programmable pulse generator 11612 can also include a housing 11618. 

The microprocessor 11606 can execute one or more algorithms in order to provide 

5 stimulation with closed loop feedback control. The microprocessor 11606 can also be controlled 

by a professional via the input 11614 to initiate, terminate and/or change (e.g., adjust) the 

parameters of the stimulation electrical energy. The closed loop feedback control can be used to 

help maintain one or more of a patient's cardiac parameters at or within a threshold value or 

range programmed into memory 11612. For example, under closed loop feedback control 

10 measured cardiac parameter value(s) can be compared and then it can be determine whether or 

not the measured value(s) lies outside a threshold value or a pre-determined range of values. If 

the measured cardiac parameter value(s) do not fall outside of the threshold value or the pre­

determined range of values, the closed loop feedback control continues to monitor the cardiac 

parameter value(s) and repeats the comparison on a regular interval. If, however, the cardiac 

15 parameter value(s) from a sensor indicate that one or more cardiac parameters are outside of the 

threshold value or the pre-determined range of values one or more of the parameters of the 

stimulation electrical energy will be adjusted by the microprocessor 11606. The adjustments can 

be made using process control logic (e.g., fuzzy logic, negative feedback, etc.) so as to maintain 

control of the pulse control output generator 11610. 

20 Although preferred illustrative variations of the present disclosure are described above, it 

will be apparent to those skilled in the art that various changes and modifications may be made 

thereto without departing from the embodiments of the present disclosure. It is intended in the 

appended claims to cover all such changes and modifications that fall within the true spirit and 

scope of the disclosure. 
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What is claimed is: 

 

1. A catheter for treating acute heart failure by applying electrical neuromodulation, 

the catheter comprising: 

an elongate body having a first end and a second end, where the elongate body 

includes an elongate radial axis that extends through the first end and the second end of 

the elongate body, and where a first plane extends through the elongate radial axis; 

at least two elongate stimulation members that extend from the elongate body, 

where each of the at least two elongate stimulation members curves into a first volume 

defined at least in part by the first plane; 

at least one electrode on each of the at least two elongate stimulation members, 

where the at least one electrode forms an electrode array in the first volume; 

conductive elements extending through each of the at least two elongate 

stimulation members, where the conductive elements conduct electrical current to 

combinations of two or more of the at least one electrode in the electrode array; and 

an anchor member that extends from the elongate body into a second volume 

defined at least in part by the first plane and opposite the first volume, where the anchor 

member does not include an electrode. 

 

2. The catheter of claim 1, further comprising: 

a sensor; and 

a sensor conductive element extending through the elongate body, where the 

sensor conductive element conducts electrical signals from the sensor. 

 

3. The catheter of claim 2, wherein the sensor comprises at least one of a blood 

oxygen sensor, a pressure sensor, and an integrated circuit. 

 

4. The catheter of claim 2 or 3, wherein the sensor comprises a pressure sensor. 

 

5. The catheter of any one of claims 1 to 4, further comprising: 

a structure extending between the at least two elongate stimulation members; 
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an additional electrode positioned on the structure, the additional electrode having 

a conductive element extending from the additional electrode through one of the elongate 

stimulation members, where the conductive element conducts electrical current to 

combinations of the additional electrode and at least one of the at least one electrode on 

each of the at least two elongate stimulation members. 

 

6. The catheter of claim 5, wherein the structure comprises flexible strands that are 

connected to form a pattern of openings between the strands. 

 

7. The catheter of claim 6, wherein the additional electrode is at a connection of the 

strands. 

 

8. The catheter of claim 6, wherein the flexible strands comprise insulative material. 

 

9. The catheter of any one of claims 1 to 8, where each of the at least two elongate 

stimulation members includes: 

a stimulation member elongate body; and 

a wire extending longitudinally through the elongate body and the stimulation 

member elongate body, 

where pressure applied by the wire against the stimulation member elongate body 

at or near its distal end causes the wire to deflect thereby imparting the curve into each of 

the at least two elongate stimulation members into the first volume defined at least in part 

by the first plane. 

 

10. The catheter of any one of claims 1 to 9, where the at least two elongate 

stimulation members curve only in the first volume, and the second volume contains no 

electrodes. 

 

11. The catheter of any one of claims 1 to 10, where a second plane perpendicularly 

intersects the first plane along the elongate radial axis of the elongate body to divide the first 

volume into a first quadrant volume and a second quadrant volume, and where the at least two 
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elongate stimulation members include a first elongate stimulation member and a second elongate 

stimulation member, the first elongate stimulation member curving into the first quadrant volume 

and the second elongate stimulation member curving into the second quadrant volume. 

 

12. The catheter of any one of claims 1 to 11, where the elongate body includes a first 

lumen that extends from the first end through the second end of the elongate body; and 

a position gauge having an elongate gauge body with a first end and a bumper end 

distal to the first end, where: 

the bumper end has a shape with a surface area no less than a surface area 

of the distal end of the elongate body taken perpendicularly to the elongate radial 

axis; 

the elongate gauge body extends through the first lumen of the elongate 

body to position the bumper end beyond the second end of the elongate body; and 

the first end of the position gauge extends from the first end of the 

elongate body, the elongate gauge body having a marking that indicates a length 

between the second end of the elongate body and the bumper end of the position 

gauge. 

 

13. A catheter system comprising: 

the catheter of any one of claims 1 to 12; and 

a pulmonary artery catheter having a lumen, where the catheter extends through 

the lumen of the pulmonary artery catheter. 

 

14. The catheter system of claim 13, wherein the pulmonary artery catheter includes: 

an elongate pulmonary catheter body with a first end, a second end, a peripheral 

surface, and an interior surface, opposite the peripheral surface, that defines the lumen 

extending between the first end and the second end of the elongate catheter body; 

an inflatable balloon on the peripheral surface of the elongate catheter body, the 

inflatable balloon having a balloon wall with an interior surface that along with a portion 

of the peripheral surface of the elongate catheter body defines a fluid tight volume; and 
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an inflation lumen extending through the elongate pulmonary catheter body, the 

inflation lumen having a first opening into the fluid tight volume of the inflatable balloon 

and a second opening proximal to the first opening to allow for a fluid to move in the 

fluid tight volume and inflate and deflate the balloon. 

 

15. The catheter system of claim 14, wherein the pulmonary artery catheter includes: 

a second inflatable balloon on the peripheral surface of the elongate catheter 

body, the second inflatable balloon having a balloon wall with an interior surface that 

along with a portion of the peripheral surface of the elongate catheter body defines a fluid 

tight volume; and 

a second inflation lumen extending through the elongate pulmonary catheter 

body, the second inflation lumen having a first opening into the fluid tight volume of the 

second inflatable balloon and a second opening proximal to the first opening to allow for 

a fluid to move in the fluid tight volume and inflate and deflate the second balloon. 

 

 


