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(57) Abstract: Apparatus and methods are provided for accessing a region within a patient's body and performing a procedure
therein that includes a catheter including a tubular member comprising a proximal end, a distal end sized for introduction into a pa -
tient's body, an imaging assembly on the distal end, and a substantially transparent expandable member attached to the tubular mem

o ber distal end such the imaging assembly is disposed within an interior of the expandable member, the imaging assembly imaging
through a surface of the expandable member. The tubular member includes a drainage lumen communicating one or more drainage
ports on the tubular member distal end proximal to the balloon for aspirating fluid from the patient's body. The catheter may be used
to access a pericardial space and an ablation probe may be introduced through the catheter to treat heart tissue while fluid is infused
and/or aspirated via the drainage ports.



PERICARDIAL ACCESS CATHETERS AND METHODS FOR USE

RELATED APPLICATION DATA

[0001] The present application claims benefit of co-pending provisional

application Serial No. 62/ 121,818, filed February 27, 2015, the entire disclosure of which is

expressly incorporated by reference herein.

FIELD OF THE INVENTION

[0002] The present invention relates generally to catheters for accessing,

imaging, and/or performing medical procedures within a patient's body, and more

particularly to catheters for accessing a pericardial space of a patient's heart and to systems

and methods for using such catheters, e.g., to drain fluid from the space while performing a

procedure, such as an ablation procedure.

BACKGROUND

[0003] The pericardial space provides an advantageous approach for many

medical procedures. For some procedures, an epicardial approach to the heart may provide

more direct access with fewer risks, such as the risk of clotting or other embolic events

(e.g., release of device debris, air, and the like), e.g., as compared to endovascular

approaches. Recently, there has been a large increase in the number of therapies designed

to access and treat the heart via an epicardial approach - both via a subxyphoid access as

well as surgical access. Many of these treatments require careful positioning, e.g., to target

specific areas as well as to avoid other specific areas. These areas can include atrial

appendages, coronary arteries, coronary veins, fat pads, separate/individual chambers of the

heart and/or walls thereof, and the like. These anatomies are difficult to visualize in general

using standard imaging modalities, such as fluoroscopy or ultrasound, where resolution is

poor and/or the ability to deliver and contain contrast is difficult, which may present a real

and significant challenge to the development of truly therapeutic devices and procedures.

[0004] Likewise, fluid management in the pericardial space is critical to the

overall success and safety of the procedure. Excess fluid in the pericardial space may

compress the heart and reduce cardiac output. In the extreme, this may lead to cardiac



tamponade. Furthermore, introduced fluid that is electrically insulating, e.g. air, can

increase defibrillation thresholds, which can be dangerous in the event the patient develops

a shockable arrhythmia during the procedure and requires cardioversion.

[0005] Therefore, apparatus and methods that facilitate medical procedures via

epicardial approach would be useful.

SUMMARY

[0006] The present invention is directed to catheters for accessing, imaging,

and/or performing medical procedures within a patient's body. More particularly, the

present invention is directed to catheters for accessing a pericardial space of a patient's

heart and to systems and methods for using such catheters, e.g., to drain fluid from the space

while performing a procedure, such as an ablation procedure.

[0007] Various procedures may require introduction of fluid into the pericardial

space. For example, RF ablation may be performed in conjunction with irrigation, e.g., to

locally cool the tissue during energy delivery. Contrast media may be introduced into the

pericardial space to enhance visualization. Air may be entrained into the pericardial space,

for example, during device exchanges or around the access site as intra-thoracic pressure

intermittently falls below atmospheric pressure. In all of these situations, systems and

methods to control the accumulation and/or quickly remove fluid from the pericardial space

would be advantageous.

[0008] In accordance with one embodiment, an apparatus is provided for

accessing a region within a patient's body that includes a tubular member comprising a

proximal end, a distal end sized for introduction into a patient's body, and one or more

lumens extending between the proximal and distal ends; an imaging assembly on the distal

end; and a substantially transparent expandable member attached to the tubular member

distal end such the imaging assembly is disposed within an interior of the expandable

member, the imaging assembly imaging through a surface of the expandable member,

wherein the tubular member further comprises a drainage lumen extending from the tubular

member proximal end to one or more drainage ports on the tubular member distal end

proximal to the balloon. Optionally, a source of fluid and/or vacuum may be coupled to the

tubular member proximal end and communicating with the drainage lumen for delivering

and/or aspirating fluid via the one or more drainage ports.



[0009] In accordance with another embodiment, a system is provided for

performing a procedure within a region of a patient's body that includes an access catheter

comprising a tubular member including a proximal end, a distal end sized for introduction

into a patient's body and carrying an imaging assembly within a balloon, an instrument

lumen extending from the proximal end to an outlet in the distal end beyond the balloon,

and a drainage lumen extending from the proximal end to one or more ports proximal to the

balloon; an ablation probe comprising a proximal end, a distal end sized for introduction

through the instrument lumen, and one or more ablation elements on the distal end for

delivering energy to tissue; and a source of fluid coupled to one of the access catheter and

the ablation probe for delivering fluid through a lumen to modulate energy delivered by the

one or more ablation elements to tissue. In addition or alternatively, a source of vacuum

may be coupled to the access catheter proximal and communicating with the drainage lumen

for aspirating fluid from a region adjacent the access catheter distal end via the one or more

ports.

[0010] In accordance with yet another embodiment, a method is provided for

method is provided for performing procedure within a pericardial space adjacent a patient's

heart and pericardium that includes introducing a distal end of a catheter into the pericardial

space adjacent the patient's heart; expanding an expandable member on the distal end to

separate the pericardium from the patient's heart; imaging tissue within the pericardial

space to identify a target location of the patient's heart; introducing a medical device

through the catheter and out the distal end; performing a procedure at the target location

using the medical device; and draining fluid from the pericardial space via one or more

drainage ports on the distal end of the catheter adjacent the expandable member.

[0011] In accordance with still another embodiment, a method is provided for

performing procedure within a pericardial space adjacent a patient's heart and pericardium

that includes introducing a distal end of a catheter into the pericardial space adjacent the

patient's heart; expanding an expandable member on the distal end to separate the

pericardium from the patient's heart; imaging tissue within the pericardial space to identify

a target location of the patient's heart; introducing an ablation probe through the catheter

and out the distal end; delivering energy from the ablation probe to tissue at the target

location; delivering fluid into the pericardial space adjacent the target location to modulate

delivering energy to the tissue; and draining fluid from the pericardial space via one or more

drainage ports on the distal end of the catheter adjacent the expandable member.



[0012] Other aspects and features of the present invention will become apparent

from consideration of the following description taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The drawings illustrate exemplary embodiments of the invention, in

which:

[0014] FIG. 1 is a side view of an exemplary embodiment of an access and/or

drainage catheter for providing access into a patient's body.

[0015] FIG. 2 is a detail of an exemplary embodiment of a distal end of the

catheter of FIG. 1 .

[0016] FIGS. 2A and 2B are cross-sectional views of the distal end of the

catheter of FIG. 2 .

[0017] FIG. 3 is a detail of an alternative embodiment of a distal end of the

catheter of FIG. 1 .

[0018] FIG. 3A is a cross-sectional view of the distal end of the catheter of FIG.

2 .

[0019] FIG. 4 is a side view of another embodiment of an access and/or ablation

catheter.

[0020] FIG. 5 is a side view of yet another embodiment of an access catheter.

[0021] FIG. 6 is a cross-sectional view of a patient's body showing an

exemplary method for using the catheter of FIG. 1 to introduce an ablation catheter into the

pericardial space of the patient's heart.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0022] Turning to the drawings, FIGS. 1 and 2 show an exemplary embodiment

of an access sheath or catheter apparatus 8 for performing a medical procedure within a

patient's body, e.g., for accessing a pericardial space adjacent a patient's heart, e.g., while

draining fluid and/or imaging the heart. For example, the catheter 8 may be part of a system

6 for performing an ablation procedure on the patient's heart 90 using an ablation probe 80,

e.g., as shown in FIG. 6 . As best seen in FIG. 2, the catheter 8 generally includes an

elongate tubular body or member 10 carrying a balloon 30 and an imaging assembly 40, and

including one or more lumens, e.g., an instrument lumen 18a for introducing one or more



devices into the patient's body, such as the ablation probe 80, and a drainage lumen 18b

communicating with one or more drainage ports 19b adjacent the balloon 30. Optionally,

the system 6 may include one or more additional components or devices, e.g., an access or

delivery sheath, one or more stylets, and/or one or more guidewires or rails (all not shown).

[0023] Generally, as shown in FIG. 1, the catheter 8 includes an elongate tubular

member 10 including a proximal portion or end 12, a distal portion or end 14 sized for

introduction into a patient's body, a longitudinal axis 16 extending between the proximal

and distal ends 12, 14, and one or more lumens 18 extending between the proximal and

distal ends 12, 14. In exemplary embodiments, as shown in FIGS. 2 and 2A, the catheter 10

may include a primary or instrument lumen 18a that extend between the proximal and distal

ends 12, 14, e.g., to an outlet 19a in a distal tip 15 of the tubular member 10, and one or

more, relatively smaller, auxiliary lumens 18b-18d also extend at least partially between the

proximal and distal ends 12, 14.

[0024] For example, the tubular member 10 may include one or more drainage

lumens 18b (one shown) that extend from the proximal end 12 to one or more drainage

ports 19b on the distal end 14, e.g., proximal to the balloon 30. As shown in FIG. 2, a

plurality of drainage ports 19b are provided, which may be spaced apart axially relative to

one another. In addition or alternatively, the drainage ports 19b may be spaced apart around

the circumference of the distal end 14, e.g., as shown in FIG. 1 . In this embodiment,

multiple drainage lumens may be provided or internal passages (not shown) may be

provided within the distal end 14 that communicate from a single drainage lumen 18b to the

drainage ports 19b. Such a lumen and port(s) may allow infusion of saline or other

transparent fluids to clear the field around the balloon 30 of blood or other obstructive

materials and/or may allow aspiration to remove such materials, blood, contrast, saline, air,

and/or other materials or fluids, e.g., that have accumulated in the pericardial space.

[0025] In addition, the tubular member 10 may include one or more inflation

lumens 18c (one shown) that extend from the proximal end 12 and communicate with the

interior 36 of the balloon 30, e.g., via an inflation port 37 on the distal end 14. The balloon

30 may be used in conjunction with imaging, e.g. to clear an optical path. Furthermore, the

balloon 30 may be used to open the potential space around the heart, e.g., to provide

separation between the heart surface and pericardial sac, e.g., to substantially isolate

ablation on the surface of the heart and avoid damage to the pericardium. In addition, an



imaging lumen 18b may extend between the proximal and distal ends 12, 14 for receiving

one or more cables, wires, and the like (not shown) coupled to the imaging assembly 40

[0026] Optionally, the tubular body 10 may include one or more pull wires, e.g.,

if the distal end 14 of the catheter 10 is steerable and/or otherwise deflectable. For example,

one or more additional lumens (not shown) may be provided that extend from the proximal

end 12 to a desired location at the distal end 14 for receiving a pull wire or stylet (also not

shown), which may be used to cause the distal end 14 to bend in a predetermined manner.

In exemplary embodiments, one or more pull wires may be provided for directing the distal

end 14 from a substantially straight to a curvilinear shape or a stylet may be inserted into the

instrument lumen 18a to straighten or bend the distal end 14, as described elsewhere herein.

[0027] Optionally, the distal end 14 may include one or more features to

enhance visibility under ultrasound, MRI or other imaging modalities, e.g., by providing

one or more radiopaque markers on and/or doping one or more regions of the distal end 14

and/or the balloon 30, e.g. as known in the art.

[0028] The tubular member 10 may be substantially flexible, semi-rigid, and/or

rigid along its length, and may be formed from a variety of materials, including plastic,

metal, and/or composite materials, as is well known to those skilled in the art. For example,

the catheter 10 may be substantially flexible at the distal end 14 to facilitate advancement

through anatomy, and/or may be semi-rigid or rigid at the proximal end 12 to enhance

pushability and/or torqueability of the catheter 8 without substantial risk of buckling or

kinking. In an exemplary embodiment, the tubular member 10 may include an inner liner

(not shown), e.g., at least partially or entirely surrounding or otherwise defining the

instrument lumen 18a, a reinforcement layer surrounding the inner liner, and an outer jacket

surrounding the reinforcement layer (all not shown for simplicity), each of which may

extend at least partially between the proximal and distal ends 12, 14 of the tubular member

10. Optionally, the instrument lumen 18a and/or one or more of the auxiliary lumens 18b-

18d may include lubricious material or may be formed from one or more layers of

thermoplastic or other polymeric material including one or more coatings on the inner

surface having desired properties, e.g., a hydrophilic and/or lubricious coating, e.g., similar

to the liners disclosed in U.S. Patent Nos. U.S. Patent Nos. 7,550,053 and 7,553,387, and

U.S. Publication No. 2009/ 0126862, the disclosures of which are expressly incorporated by

reference herein.



[0029] Optionally, a distal portion of the catheter 8 may be pre-shaped, steerable

or deflectable, i.e., may be bent, curved, or otherwise deflected. For example, the distal end

14 may be biased to a curved shape, e.g., having a predetermined radius of curvature.

Optionally, a stylet (not shown) may be inserted into the tubular member 10 (e.g., into the

instrument lumen 18a or a dedicated stylet lumen (not shown), e.g., to straighten the distal

end 14 and/or otherwise support the distal end 14 during introduction into a patient's body.

Alternatively, the catheter 10 may include one or more pull wires (not shown), which may

be actuated to direct the distal end 14 between straightened and curved shapes, as desired,

during use.

[0030] Returning to FIG. 2, a handle or hub 50 may be provided on the proximal

end 12 of the tubular member 10, e.g., configured and/or sized for holding and/or

manipulating the catheter 8 from the proximal end 12. In addition, the handle 50 may

include one or more ports 52 communicating with respective lumens within the catheter 10.

For example, port 52a may communicate with the instrument lumen 18a. Optionally, the

port 52a include one or more valves, e.g., a hemostatic valve (also not shown), which may

provide a substantially fluid-tight seal, while accommodating insertion of a device, such as

ablation probe 80, into the instrument lumen 18a.

[0031] In addition, one or more side ports 52b, 52c may be provided, e.g., that

communicate with the drainage lumen 18b and inflation lumen 18c, respectively. For

example, a syringe or other source of inflation media (not shown) may be coupled to the

side port 52c for introducing and/or removing fluid, e.g., saline, nitrogen, and the like, into

and/or from the interior 36 of the balloon 30, e.g., to inflate and deflate the balloon 30.

Similarly, a syringe, pump, or a vacuum line (not shown) may be coupled to the side port

52b, e.g., to selectively infuse fluid and/or aspirate material through the drainage ports 19b.

[0032] The handle 50 and/or proximal end 12 may also include one or more

connectors, e.g., electrical connectors, and the like (not shown), for connecting the imaging

assembly 40 to a controller, e.g., including a power source, processor, display, and the like

(not shown), via one or more cables (also not shown).

[0033] Finally, the handle 50 may also include one or more actuators, such as

sliders, buttons, switches, rotational actuators, locks, and the like, e.g., for activating and/or

manipulating components on the distal end 14 or otherwise operating the apparatus 10. For

example, one or more switches (not shown) may be provided on the controller and/or on the

handle 50 for operating the imaging assembly 40. In addition, if the tubular member 10 is



steerable or deflectable, one or more sliders or other actuators (not shown) may also be

provided for directing respective pull wire(s) to deflect the distal end 14, or a port (not

shown) may be provided for receiving a stylet, e.g., to straighten or otherwise deflect the

distal end 14, as described elsewhere herein.

[0034] With particular reference to FIG. 2, the balloon 30 includes a proximal

end 32 attached to the distal end 14 adjacent the drainage ports 19b and a distal end 34

attached to the distal end 24 distal to the proximal end 32, e.g., adjacent the distal tip 15.

The proximal and distal ends 32, 34 of the balloon 30 may be secured to the outer surface of

the tubular member 10, e.g., using an adhesive, heating, an interference fit, an outer collar

(not shown), and the like. The balloon 30 may be expandable from a contracted or delivery

condition (not shown) to an enlarged condition when fluid is introduced into an interior 36

of the balloon 30, e.g., as shown in FIGS. 1 and 2 . Optionally, the balloon 30 may be

shaped such that, in the enlarged condition, the balloon 30 may define a substantially flat

distal surface, which may facilitate imaging tissue structures beyond the balloon 30 using

the imaging assembly 40. Alternatively, the balloon 30 may have an ovular or elliptical or

other cross-sectional shape when expanded, e.g., having a width substantially greater than

its height in a plane transverse to the longitudinal axis 16 of the catheter 8, e.g., to provide

rotational stability and/or bias as the catheter 8 tracks between the pericardial sac and the

surface of the heart.

[0035] In an exemplary embodiment, the balloon 30 may be formed from

compliant and/or elastic materials, e.g., elastomeric materials such as silicone, latex,

isoprene, and chronoprene. The compliance of the balloon 30 may facilitate clearing fluid

when the balloon 30 is pressed against or otherwise contacts tissue surfaces. Alternatively,

the balloon 30 may be formed from substantially noncompliant material, e.g.,

polytetrafluoroethylene (PTFE), expanded polytetrafluoroethylene (EPTFE), fluorinated

ethylenepropylene (FEP), polyethylene teraphathalate (PET), urethane, olefins, and

polyethylene (PE), such that the balloon 30 expands to a predetermined shape when fully

inflated to the enlarged configuration. The material may be sufficiently flexible and/or

elastic such that the balloon 30 may conform substantially to the shape of contacted tissue

structures, e.g., the epicardium of a patient's heart, which may displace blood or other fluid

from between the balloon 30 and the contacted tissue to facilitate imaging through the

balloon 30.



[0036] The material may also be substantially transparent, i.e., allow light from

the imaging assembly 40 to pass therethrough and/or be reflected off tissue or other

structures beyond the distal surface 38 of the balloon 30 back to the imaging assembly 40,

as described elsewhere herein. As used herein, "transparent" refers to any material and/or

fluid that may permit sufficient light to pass therethrough in order to identify or otherwise

visualize objects through the material and/or fluid. "Light" as used herein may refer to light

radiation within the visible spectrum, but may also include other spectra, such as infrared

("IR") or ultraviolet ("UV") light.

[0037] With additional reference to FIG. 2B, the imaging assembly 40 generally

includes one or more cameras or other imaging element(s) 42 and one or more light sources

44, e.g., mounted on a distal imaging surface 17 of the tubular member 10. The imaging

surface 17 may be offset proximally from the distal tip 15 of the tubular member 10 and the

field of view of the imaging element(s) 42 may be oriented to image through the distal

surface 38 of the balloon 30. As shown in FIG. 2, the imaging surface 17 is substantially

perpendicular to the longitudinal axis 16 such that the field of view of the imaging

element(s) 42 is oriented substantially distally and axially.

[0038] Optionally, the imaging surface may not be substantially perpendicular to

the longitudinal axis 16 of the catheter 8, e.g., such that the field of view of the imaging

element(s) 42 is angled relative to the distal end 14 of the tubular member 10, i.e., such that

a center axis of the field of view defines an angle, e.g., an acute angle, relative to the

longitudinal axis 16 of the catheter 8 . Similarly, the illumination fields of the light sources

44 may also be angled relative to the distal end 14 of the tubular member 10, e.g., to

enhance illuminating tissue structures offset from the distal end 14. The illumination fields

of the light sources 44 may be substantially parallel to the field of view or may be offset

relative to one another, if desired. In addition, the illumination fields may have a wider

angle than the field of view, if desired, which may facilitate illumination and/or imaging of

tissue and/or other features beyond the balloon 30.

[0039] In an exemplary embodiment, the imaging element 42 may include a

CMOS (complementary metal-oxide-semiconductor) or CCD (charge-coupled device)

sensor that is exposed within the interior 36 of the balloon 30 for capturing light images

through the balloon 30. Alternatively, the imaging element 42 may include a bundle of

optical fibers, e.g. a coherent image bundle, that extends between the proximal and distal

ends 12, 14 of the catheter 10 and terminates adjacent the distal surface 15.



[0040] Optionally, one or more lenses, filters, and the like (not shown) may be

coupled to the imaging element 42, e.g., to focus light from beyond the distal surface 38 of

the balloon 30 onto the active area of the imaging element 42, direct a field of view of the

imaging element 42, and/or filter undesired wavelengths of light, as known to those skilled

in the art. Optionally, the imaging element 42 may be covered with a transparent protective

coating, e.g., to prevent inflation media within the interior 36 from contacting the imaging

element 42.

[0041] The one or more light sources 44 may include one or LEDs (light

emitting diodes) and/or other light sources mounted on the distal surface 15 adjacent the

imaging element 42, e.g., substantially surrounding the imaging element 42 to deliver light

into the interior 36 and/or through the distal surface 38 of the balloon 30. Alternatively, one

or more optical fibers may be provided that extend from the proximal end 12 of the catheter

10 to the distal surface 15, e.g., to emit light from a source in the controller.

[0042] The controller (not shown) may provide a power source for the imaging

element 42 and/or light sources 44 and/or may receive image data from the imaging element

42. In addition, the controller may include one or more processors, displays or other output

devices, memory, and the like (not shown) to process, display, and/or store the images

acquired from the imaging element 42. For example, the imaging element 42 may acquire

digital images and may convert the image data onboard to analog signals, which may be

conveyed via the cables to the controller, which may convert the images back to digital

images and/or further process the images for presentation on a display. Additional

information on imaging assemblies and/or balloons that may be provided on the catheter 10

are disclosed in U.S. Patent No. 6,979,290, the entire disclosure of which is expressly

incorporated by reference herein.

[0043] Turning to FIGS. 3 and 3A, an alternative embodiment of a catheter 8' is

shown that includes an elongate tubular member 10' carrying a balloon 30,' generally

similar to the catheter 8 except that the imaging assembly has been omitted. Similar to the

catheter 8, the tubular member 10' includes an instrument lumen 18a', an inflation lumen

18c', and a plurality of drainage ports 19b' on the distal end 14' proximal to the balloon 30'

that communicate with a drainage lumen 18b.' Alternatively, the drainage lumen 18b' may

be omitted and one or more drainage ports may be provided that communicate with the

instrument lumen (not shown), e.g., a plurality of perforations in the wall of the tubular



member 10' proximal to the balloon 30' that communicate directly with the instrument

lumen 18a.'

[0044] The catheter 8' (or other embodiments herein) may be constructed in

length and/or shape such that the portion of the catheter 8' including the drainage ports 19b'

tends to pass through the dependent areas of the pericardial space, e.g., to better remove

liquids that may accumulate, e.g., on the posterior aspect of the heart while the outlet 19a'

of the instrument lumen 18a' is positioned at the target location for performing intervention

or diagnosis. Where air is of greater concern, the catheter 8' may be constructed in length

and/or shape such that the drainage ports 19b' tend to pass through the non-dependent areas

of the pericardial space, e.g., the anterior wall, while the outlet 19a' of the instrument lumen

18a' is positioned at the target location for diagnosis or treatment.

[0045] Turning to FIG. 4, another embodiment of a catheter 108 is shown that

generally includes a tubular member 110 including proximal and distal end 112, 114, and a

balloon 130 carried on the distal end 114, similar to other embodiments herein. The tubular

member 110 includes an instrument lumen (not shown), e.g., extending from the proximal

end 112 to an outlet 119a in the distal tip 115, an inflation lumen (also not shown)

communicating with the interior of the balloon 130, and a drainage lumen communicating

with the drainage ports 119b proximal to the balloon 130. Unlike the previous

embodiments, the balloon 130 may include one or more electrodes 140, e.g., a plurality of

mapping and/or ablation electrodes carried on an exterior surface of the balloon 130.

[0046] Turning to FIG. 5, yet another embodiment of a catheter 208 is shown

that generally includes a tubular member 210 including proximal and distal end 212, 214,

and a balloon 230 carried on the distal end 214, generally similar to other embodiments

herein. The tubular member 210 includes an instrument lumen (not shown), e.g., extending

from the proximal end 212 to an outlet 219a in the distal tip 215, and an inflation lumen

(also not shown) communicating with the interior of the balloon 230. Optionally, the

tubular member 210 may include a drainage lumen communicating with drainage ports

219b proximal to the balloon 230 and/or an imaging lumen communicating with an imaging

assembly on the distal end 214 (not shown). Unlike the previous embodiments, the balloon

130 may have a substantially uniform cylindrical shape when inflated, as shown, or may

have an oval or other cross-sectional shape (not shown).

[0047] Turning to FIG. 6, an exemplary method is shown for performing a

medical procedure within the pericardial space 94, i.e., between a patient's heart 90 and the



pericardial sac 92, e.g., using the catheter 8 of FIGS. 1 and 2 (although the methods are

equally applicable to other embodiments herein). Initially, the distal end 14 of the catheter

8 may be introduced into the patient's body, e.g., from the patient's skin 96 through the

pericardial sac 92 into the pericardial space 94 with the balloon 30 in the contracted

condition. For example, the distal end 14 of the catheter 8 may be introduced into the

patient's chest, e.g., using minimally invasive or open surgical access. Optionally, a stylet

(not shown) may be positioned in the catheter 8 to at least partially straighten the catheter 8

and/or otherwise facilitate advancement of the distal end 14 into the pericardial space 94.

[0048] Once the distal end 14 is exposed within the pericardial space 94, the

balloon 30 may be expanded, which may open the pericardial space 94 and the catheter 8

may be manipulated to place the balloon 30 against the wall of the heart 90. During

manipulation, the imaging assembly 40 may be used to acquire images of the pericardial

space 94 and heart 90. In addition, external imaging may be used, if desired in conjunction

with acquiring images using the imaging assembly 40. The catheter 10 may be manipulated

further as desired, e.g., to move the distal end 14 along the wall of the heart 90 until a target

location is identified for treatment. For example, a target location 98 may be identified in

the images and/or by electrical mapping (e.g., using electrodes on the balloon, e.g., as

shown in FIG. 4) for performing an ablation procedure, whereupon a distal end 84 of an

ablation probe 80 may be introduced through the instrument lumen 18a and out the outlet

19a (as best seen in FIG. 2A) and placed against the target location 98. One or more

electrodes or other sources of energy delivery (e.g., cryo energy, laser energy, RF energy,

ultrasound energy, high voltage energy, etc.) 86 on the distal end 84 may be activated, as

desired, to ablate tissue at the target location 98 with the balloon 30 also serving to direct

the pericardium 92 to avoid ablating unintended structures. Additionally, fluid may be

introduced at or around the point of energy delivery, e.g., via a lumen (not shown) of the

ablation probe 80 and/or via the catheter 8 (e.g., via the instrument lumen 18a or a dedicated

lumen), e.g., to cool, provide a conductive pathway, and/or otherwise modulate delivery of

energy to the target ablation site. The ablation probe 80 and/or catheter 8 may be further

manipulated, as desired to treat additional locations of the heart 90.

[0049] At any time during the introduction, manipulation, and/or ablation, fluid

may be infused and/or aspirated via the drainage ports 19b. For example, contrast may be

infused via the ports 19b to facilitate imaging the region, and/or fluid may be removed, e.g.,

contrast, bodily fluids, and/or air entrained through the catheter 8 and/or access site. In this



manner, excess fluid within the pericardial space 94 may be removed as desired, e.g. to

avoid fluid building up and compressing the heart 90, which may otherwise impair heart

function, lead to tamponade, and/or increase defibrillation thresholds, and the like.

[0050] Removal of fluid may be intermittent or continuous. As one example,

the operating clinician may intermittently aspirate fluid, e.g., using a syringe (not shown)

coupled to the side port 52b (shown in FIG. 2). Alternatively a vacuum pump or other

source of suction may be attached to the side port 52a of the catheter 8, e.g., to aspirate fluid

via the drainage ports 19b. Furthermore, substantially continuous suction may be applied to

the drainage ports 19b, e.g., to ensure that minimal air, contrast, saline, blood, and/or other

fluid accumulates in the pericardial space during the procedure.

[0051] The foregoing disclosure of the exemplary embodiments has been

presented for purposes of illustration and description. It is not intended to be exhaustive or

to limit the invention to the precise forms disclosed. Many variations and modifications of

the embodiments described herein will be apparent to one of ordinary skill in the art in light

of the above disclosure.

[0052] Further, in describing representative embodiments, the specification may

have presented the method and/or process as a particular sequence of steps. However, to the

extent that the method or process does not rely on the particular order of steps set forth

herein, the method or process should not be limited to the particular sequence of steps

described. As one of ordinary skill in the art would appreciate, other sequences of steps

may be possible. Therefore, the particular order of the steps set forth in the specification

should not be construed as limitations on the claims.

[0053] While the invention is susceptible to various modifications, and

alternative forms, specific examples thereof have been shown in the drawings and are herein

described in detail. It should be understood, however, that the invention is not to be limited

to the particular forms or methods disclosed, but to the contrary, the invention is to cover all

modifications, equivalents and alternatives falling within the scope of the appended claims.



We claim:

1. A system for performing a procedure within a region of a patient's body,

comprising:

an access catheter comprising a tubular member including a proximal end, a distal

end sized for introduction into a patient's body and carrying an imaging assembly within a

balloon, an instrument lumen extending from the proximal end to an outlet in the distal end

beyond the balloon, and a drainage lumen extending from the proximal end to one or more

ports proximal to the balloon;

an ablation probe comprising a proximal end, a distal end sized for introduction

through the instrument lumen, and one or more ablation elements on the distal end for

delivering energy to tissue; and

a source of fluid coupled to one of the access catheter and the ablation probe for

delivering fluid through a lumen to modulate energy delivered by the one or more ablation

elements to tissue.

2 . The system of claim 1, further comprising a source of vacuum coupled to the

access catheter proximal and communicating with the drainage lumen for aspirating fluid

from a region adjacent the access catheter distal end via the one or more ports.

3 . The system of claim 2, wherein the source of vacuum comprises one of a

syringe and a vacuum pump.

4 . The system of claim 1, wherein the source of fluid comprises one of a

syringe or a pump coupled to the access catheter proximal end and communicating with the

drainage lumen for delivering fluid from the syringe or pump through the one or more ports

to a region adjacent the access catheter distal end.

5 . The system of claim 1, wherein the source of fluid comprises one of a

syringe or a pump coupled to the access catheter proximal end and communicating with the

instrument lumen for delivering fluid from the syringe or pump through the instrument

lumen around the ablation probe to a region adjacent the access catheter distal end



6 . The system of claim 4 or 5, wherein the syringe or pump is configured to

selectively deliver fluid and aspirate fluid from the region adjacent the access catheter distal

end via the one or more ports.

7 . The system of claim 1, wherein the source of fluid comprises a syringe or

pump coupled to the ablation probe proximal end and communicating with an infusion

lumen for delivering fluid from the syringe through one or more outlets on the ablation

probe distal end to a region adjacent the access catheter distal end.

8 . The system of claim 1, wherein the balloon is expandable from a contracted

condition to an enlarged condition, and wherein the balloon has a non-circular cross-section

in the enlarged condition.

9 . The system of claim 8, wherein the balloon has an ovular or elliptical cross-

section in the enlarged condition.

10. The system of claim 1, wherein the balloon carries one or more mapping or

ablation electrodes.

11 . An apparatus for accessing a region within a patient's body, comprising:

a tubular member comprising a proximal end, a distal end sized for introduction into

a patient's body, and one or more lumens extending between the proximal and distal ends;

an imaging assembly on the distal end; and

a substantially transparent expandable member attached to the tubular member distal

end such the imaging assembly is disposed within an interior of the expandable member, the

imaging assembly imaging through a surface of the expandable member,

wherein the tubular member further comprises a drainage lumen extending from the

tubular member proximal end to one or more drainage ports on the tubular member distal

end proximal to the balloon.

12. The apparatus of claim 11, wherein the expandable member is expandable

from a contracted condition to an enlarged condition when fluid is introduced through an

inflation lumen of the tubular member into the interior of the expandable member.



13. The apparatus of claim 12, wherein the expandable member has a non-

circular cross-section in the enlarged condition.

14. The apparatus of claim 13, wherein the expandable member has an ovular or

elliptical cross-section in the enlarged condition.

15. The apparatus of claim 11, further comprising a source of vacuum coupled to

the tubular member proximal and communicating with the drainage lumen for aspirating

fluid from a region adjacent the tubular member distal end via the one or more ports.

16. The apparatus of claim 15, wherein the source of vacuum comprises one of a

syringe and a vacuum pump.

17. The apparatus of claim 11, further comprising a source of fluid coupled to

the tubular member proximal end and communicating with the drainage lumen for

delivering fluid from the source through the one or more ports to a region adjacent the

access catheter distal end.

18. The apparatus of claim 17, wherein the source of fluid comprises one of a

syringe or a pump.

19. The apparatus of claim 17 or 18, wherein the syringe or pump is configured

to selectively deliver fluid and aspirate fluid from the region adjacent the tubular member

distal end via the one or more ports.

20. The apparatus of claim 11, wherein the expandable member comprises a

balloon carrying one or more mapping or ablation electrodes.

2 1. A method for performing procedure within a pericardial space adjacent a

patient's heart and pericardium, comprising:

introducing a distal end of a catheter into the pericardial space adjacent the patient's

heart;



expanding an expandable member on the distal end to separate the pericardium from

the patient's heart;

imaging tissue within the pericardial space to identify a target location of the

patient's heart;

introducing a medical device through the catheter and out the distal end;

performing a procedure at the target location using the medical device; and

draining fluid from the pericardial space via one or more drainage ports on the distal

end of the catheter adjacent the expandable member.

22. The method of claim 21, wherein the medical device comprises an ablation

probe, and wherein performing a procedure comprises delivering energy from the ablation

probe to tissue at the target location.

23. The method of claim 22, further comprising delivering fluid into the

pericardial space to modulate the energy delivered from the ablation probe.

24. The method of claim 23, wherein fluid is drained to prevent fluid from

accumulating within the pericardial space.

25. The method of claim 22, wherein the fluid is delivered into the pericardial

space via the catheter.

26. The method of claim 25, wherein the fluid is delivered into the pericardial

space via the one or more drainage ports.

27. The method of claim 25, wherein the ablation probe is introduced through an

instrument lumen of the catheter, and wherein the fluid is delivered into the pericardial

space through the instrument lumen around the ablation probe.

28. The method of claim 22, wherein the fluid is delivered via into the

pericardial space via the ablation probe.



29. The method of claim 22, wherein the fluid is delivered to provide a

conductive pathway to the tissue.

30. The method of claim 22, wherein the fluid is delivered to cool the tissue

while the energy is delivered.

31. The method of claim 21, wherein the expandable member adopts a non-

circular shape when expanded to provide rotational stability or bias to the catheter distal end

between the pericardium and the heart.

32. A method for performing procedure within a pericardial space adjacent a

patient's heart and pericardium, comprising:

introducing a distal end of a catheter into the pericardial space adjacent the patient's

heart;

expanding an expandable member on the distal end to separate the pericardium from

the patient's heart;

imaging tissue within the pericardial space to identify a target location of the

patient's heart;

introducing an ablation probe through the catheter and out the distal end;

delivering energy from the ablation probe to tissue at the target location;

delivering fluid into the pericardial space adjacent the target location to modulate

delivering energy to the tissue; and

draining fluid from the pericardial space via one or more drainage ports on the distal

end of the catheter adjacent the expandable member.

33. The method of claim 32, wherein fluid is drained to prevent fluid from

accumulating within the pericardial space.

34. The method of claim 32, wherein the fluid is delivered into the pericardial

space via the catheter.

35. The method of claim 34, wherein the fluid is delivered into the pericardial

space via the one or more drainage ports.



36. The method of claim 34, wherein the ablation probe is introduced through an

instrument lumen of the catheter, and wherein the fluid is delivered into the pericardial

space through the instrument lumen around the ablation probe.

37. The method of claim 32, wherein the fluid is delivered via into the

pericardial space via the ablation probe.

38. The method of claim 32, wherein the fluid is delivered to provide a

conductive pathway to the tissue.

39. The method of claim 32, wherein the fluid is delivered to cool the tissue

while the energy is delivered.

40. The method of claim 32, wherein the expandable member adopts a non-

circular shape when expanded to provide rotational stability or bias to the catheter distal end

between the pericardium and the heart.













A. CLASSIFICATION OF SUBJECT MATTER

A61M 25/01(2006.01)i, A61B 17/00(2006.01)i, A61B 17/34(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61M 25/01; A6IB 18/14; A61M 25/09; A61M 25/04; A6 IB 19/00; A61M 1/00; A6 IB 18/18; A61B 17/00; A6 IB 17/34

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: pericardial access, catheter, ablation, drainage, irrigation, withdraw, vacuum, image

DOCUMENTS CONSIDERED TO BE RELEVANT

Category' Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2010-0114093 Al (MAHAPATRA, S . et al.) 06 May 2010 1-20

See abstract; claim V, paragraphs [0057]-[0058] ; figure 1 .

US 2007-0208329 Al (WARD, J . et al.) 06 September 2007 1-20

See entire document.

US 6558382 B2 (JAHNS , S . E . et al.) 06 May 2003 1-20

See entire document.

US 2011-0130744 Al (KASSAB, G . S . et al.) 02 June 2011 1-20

See entire document.

US 2010-0331854 Al (GREENBERG, I . et al.) 30 December 2010 1-20

See entire document.

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

2 1 June 2016 (21.06.2016) 22 June 2016 (22.06.2016)
Name and mailing address of the ISA/KR Authorized officer

/ International Application Division
Korean Intellectual Property Office , Mho
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3362

Form PCT/ISA/210 (second sheet) (January 2015)



Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.: 21-40
because they relate to subject matter not required to be searched by this Authority, namely:
Claims 2 1-40 pertain to methods for treatment of the human body and thus relate to a subject-matter which this International
Searching Authority is not required to search under PCT Article 17(2)(a)(i) and PCT Rule 39. l(iv).

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3 . Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I IAs all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

I IAs all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

I IAs only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4 . I INo required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos. :

Remark on Protest | | The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

I IThe additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



Information on patent family members PCT/US2016/019992

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2010-0114093 Al 06/05/2010 WO 2008-112870 A2 18/09/2008
wo 2008-112870 A3 13/11/2008

US 2007-0208329 Al 06/09/2007 us 7731715 B2 08/06/2010
wo 2006-063071 Al 15/06/2006

US 6558382 B2 06/05/2003 AU 2001-59371 Al 07/11/2001
EP 1276423 A2 22/01/2003
EP 1276423 Bl 04/07/2007
JP 2004-500917 A 15/01/2004
US 2002-0002372 Al 03/01/2002
us 2003-0078575 Al 24/04/2003
us 2003-0167056 Al 04/09/2003
us 2005-0251133 Al 10/11/2005
us 2011-0066146 Al 17/03/2011
us 6514250 Bl 04/02/2003
us 6887238 B2 03/05/2005
us 6960205 B2 01/11/2005
us 7818039 B2 19/10/2010
wo 01-80755 A2 01/11/2001
wo 01-80755 A3 10/01/2002

US 2011-0130744 Al 02/06/2011 AU 2007-269768 Al 10/01/2008
AU 2007-269768 B2 23/01/2014
AU 2007-275844 Al 24/01/2008
AU 2007-275844 B2 23/05/2013
AU 2008-216528 Al 21/08/2008
AU 2008-216528 B2 11/07/2013
AU 2008-245870 Al 06/11/2008
AU 2008-245870 B2 30/04/2015
AU 2008-246012 Al 06/11/2008
AU 2008-246083 Al 06/11/2008
AU 2008-246083 B2 22/08/2013
AU 2008-349770 Al 13/08/2009
AU 2008-349770 B2 16/10/2014
CA 2655732 Al 10/01/2008
CA 2656341 Al 24/01/2008
CA 2674484 Al 21/08/2008
CA 2684079 Al 06/11/2008
CA 2684605 Al 06/11/2008
CA 2684609 Al 06/11/2008
CA 2713341 Al 13/08/2009
EP 2034881 A2 18/03/2009
EP 2035074 A2 18/03/2009
EP 2126380 Al 02/12/2009
EP 2126380 Bl 24/07/2013
EP 2142041 Al 13/01/2010
EP 2142233 A2 13/01/2010
EP 2144569 A2 20/01/2010

Form PCT/ISA/2 10 (patent family annex) (January 20 15)



Information on patent family members PCT/US2016/019992

Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2144658 Al 20/01/2010
EP 2249909 Al 17/11/2010
JP 2009-523557 A 25/06/2009
JP 2009-542338 A 03/12/2009
JP 2009-542341 A 03/12/2009
JP 2010-518337 A 27/05/2010
JP 2010-524633 A 22/07/2010
JP 2010-524638 A 22/07/2010
JP 2010-529866 A 02/09/2010
JP 2010-535537 A 25/11/2010
JP 2011-510786 A 07/04/2011
JP 2014-087695 A 15/05/2014

R 10-2010-0017254 A 16/02/2010
US 2007-0173345 Al 26/07/2007
us 2008-0128960 Al 05/06/2008
us 2008-0193257 Al 14/08/2008
us 2009-0182287 Al 16/07/2009
us 2010-0010355 Al 14/01/2010
us 2010-0010368 Al 14/01/2010
us 2010-0010488 Al 14/01/2010
us 2010-0010503 Al 14/01/2010
us 2010-0063375 Al 11/03/2010
us 2010-0069849 Al 18/03/2010
us 2010-0160719 Al 24/06/2010
us 2010-0168655 Al 01/07/2010
us 2010-0168761 Al 01/07/2010
us 2010-0168791 Al 01/07/2010
us 2010-0185044 Al 22/07/2010
us 2010-0185140 Al 22/07/2010
us 2010-0185141 Al 22/07/2010
us 2010-0185235 Al 22/07/2010
us 2010-0191264 Al 29/07/2010
us 2010-0194155 Al 05/08/2010
us 2010-0201165 Al 12/08/2010
us 2010-0228221 Al 09/09/2010
us 2010-0256599 Al 07/10/2010
us 2010-0312256 Al 09/12/2010
us 2011-0060182 Al 10/03/2011
us 2011-0144572 Al 16/06/2011
us 2011-0245800 Al 06/10/2011
us 2012-0130151 Al 24/05/2012
us 2012-0191181 Al 26/07/2012
us 2013-0218156 Al 22/08/2013
us 2013-0237743 Al 12/09/2013
us 7780546 B2 24/08/2010
us 7845889 B2 07/12/2010
us 8075532 B2 13/12/2011
us 8128593 B2 06/03/2012
us 8147424 B2 03/04/2012
us 8211084 B2 03/07/2012

Form PCT/ISA/2 10 (patent family annex) (January 20 15)



Information on patent family members PCT/US2016/019992

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 8303481 B2 06/11/2012
US 8328752 B2 11/12/2012
US 8366707 B2 05/02/2013
US 8382651 B2 26/02/2013
US 8382699 B2 26/02/2013
US 8512617 B2 20/08/2013
US 8540674 B2 24/09/2013
US 8632469 B2 21/01/2014
US 8682411 B2 25/03/2014
US 8882765 B2 11/11/2014
US 8894606 B2 25/11/2014
US 9023075 B2 05/05/2015
US 9050064 B2 09/06/2015
US 9295768 B2 29/03/2016
WO 2008-005388 A2 10/01/2008
WO 2008-010905 A2 24/01/2008
WO 2008-091584 A2 31/07/2008
WO 2008-091609 A2 31/07/2008
WO 2008-091610 A2 31/07/2008
WO 2008-100744 Al 21/08/2008
WO 2008-133953 Al 06/11/2008
WO 2008-134104 A2 06/11/2008
WO 2008-134104 A3 24/12/2008
WO 2008-134128 Al 06/11/2008
WO 2008-134245 Al 06/11/2008
WO 2008-134247 Al 06/11/2008
WO 2008-134267 A2 06/11/2008
WO 2009-006444 Al 08/01/2009
WO 2009-099464 Al 13/08/2009
WO 2011-133341 Al 27/10/2011
WO 2011-143246 Al 17/11/2011
WO 2012-037185 Al 22/03/2012

US 2010-0331854 Al 30/12/2010 EP 2231001 A2 29/09/2010
WO 2009-087592 A2 16/07/2009
WO 2009-087592 A3 23/12/2009

Form PCT/ISA/2 10 (patent family annex) (January 2015)


	abstract
	description
	claims
	drawings
	wo-search-report

