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(57) ABSTRACT 

Devices, systems, and methods for accessing the internal and 
external tissues of the heart are disclosed. At least some of the 
embodiments disclosed herein provide access to the external 
surface of the heart through the pericardial space for localized 
delivery of substances to the heart tissue. In addition, various 
disclosed embodiments provide access to the internal Surface 
of the heart for aspiration and delivery of substances to a 
targeted region without disturbing or interfering with nearby 
structures or Surfaces. 
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PERCUTANEOUS INTRAVASCULAR ACCESS 
TO CARDAC TSSUE 

0001. This U.S. Utility patent application claims priority 
to U.S. Provisional Patent Application Ser. No. 60/914,452, 
filed Apr. 27, 2007, and U.S. Provisional Patent Application 
Ser. No. 60/817,421, filed Jun. 30, 2006. 

BACKGROUND 

0002 Ischemic heart disease, or coronary heart disease, 
kills more Americans per year than any other single cause. 
Indeed, in 2004, one in every five deaths in the United States 
resulted from ischemic heart disease. It has been estimated 
that the disease will cost S151.6 billion in 2007. 
0003 Ischemic heart disease is generally characterized by 
a diminished flow of blood to the myocardium and is often 
treated using drug therapy. Although many of the available 
drugs may be administered systemically, local drug delivery 
(“LDD) directly to the heart can result in higher local drug 
concentrations with fewer systemic side effects, thereby lead 
ing to improved therapeutic outcomes. 
0004 Cardiac drugs may be delivered locally via catheter 
passing through the blood vessels to the inside of the heart. 
However, endoluminal drug delivery has several shortcom 
ings, such as: (1) inconsistent delivery, (2) low efficiency of 
localization, and (3) relatively rapid washout into the circu 
lation. 
0005 To overcome such shortcomings, drugs may be 
delivered directly into the pericardial space, which surrounds 
the external surface of the heart. The pericardial space is a 
cavity formed between the heart and the relatively stiff peri 
cardial sac that encases the heart. Although the pericardial 
space is usually quite Small because the pericardial sac and 
the heart are in Such close contact, a catheter may be used to 
inject a drug into the pericardial space for local administra 
tion to the myocardial and coronary tissues. Drug delivery 
methods that Supply the agent to the heart via the pericardial 
space offer several advantages over endoluminal delivery, 
including: (1) enhanced consistency and (2) prolonged expo 
Sure of the drug to the cardiac tissue. 
0006. In current practice, drugs are delivered into the peri 
cardial space either by the percutaneous transventricular 
method or by the transthoracic approach. The percutaneous 
transventricular method involves the controlled penetration 
of a catheter through the Ventricular myocardium to the peri 
cardial space. The transthoracic approach involves accessing 
the pericardial space from outside the heart using a sheathed 
needle with a suction tip to grasp the pericardium, pulling it 
away from the myocardium to enlarge the pericardial space, 
and injecting the drug into the space with the needle. 
0007 Clinically, the only approved non-surgical means 
for accessing the pericardial space include the SubXiphoid and 
the ultrasound-guided apical and parasternal needle catheter 
techniques, and each methods involves a transthoracic 
approach. In the subxiphoid method, a sheathed needle with a 
Suction tip is advanced from a SubXiphoid position into the 
mediastinum under fluoroscopic guidance. The catheter is 
positioned onto the anterior outer surface of the pericardial 
sac, and the Suction tip is used to grasp the pericardium and 
pull it away from the heart tissue, thereby creating additional 
clearance between the pericardial sac and the heart. The addi 
tional clearance tends to decrease the likelihood that the myo 
cardium will be inadvertently punctured when the pericardial 
sac is pierced. 
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0008 Although this technique works well in the normal 
heart, there are major limitations in diseased or dilated 
hearts—the very hearts for which drug delivery is most 
needed. When the heart is enlarged, the pericardial space is 
significantly Smaller and the risk of puncturing the right ven 
tricle or other cardiac structures is increased. Additionally, 
because the pericardium is a very stiff membrane, the Suction 
on the pericardium provides little deformation of the pericar 
dium and, therefore, very little clearance of the pericardium 
from the heart. 

0009. Thus, there is need for an efficient, easy to use, and 
relatively inexpensive technique that can be used to access the 
heart for local delivery of therapeutic and diagnostic sub 
StanceS. 

BRIEF SUMMARY 

0010 Various embodiments disclosed herein relate to sys 
tems, devices, and methods for accessing specific tissues of 
the heart and for delivering Substances to the cardiac tissue. 
For example, using certain embodiments, a Substance may be 
delivered to a specifically targeted area of the interior of a wall 
of the heart (i.e., “targeted tissue'). Certain other embodi 
ments provide for access to the tissue on the external Surface 
of the heart by delivering a substance to the pericardial space 
using a non-Surgical, percutaneous route that is both rapidland 
safe. Indeed, many of the disclosed embodiments avoid per 
cutaneous SubXiphoid puncture and hence the associated 
increased risk of right Ventricular lesions, as well as the ante 
rior thoracotomy for pericardial window procedure. 
0011. At least some of the embodiments disclosed herein 
include a system for accessing the tissue of a heart comprising 
an engagement catheter having a proximal end, a distal end, 
and first and second lumens extending between the proximal 
end and the distal end. A vacuum port is located at the proxi 
mal end of the engagement catheter and is operatively con 
nected to the first lumen of the engagement catheter and 
capable of operative connection to a vacuum source. The first 
lumen of the engagement catheter includes a Suction port 
located at or near the catheter's distal end, and the Suction port 
is configured to removably attach to a targeted tissue on the 
interior of a wall of the heart. The wall may be an atrial wall 
or a wall of the atrial appendage. The Suction port is capable 
of forming a reversible seal with the targeted tissue when the 
vacuum source is operatively attached to the vacuum port, and 
the system is capable of enlarging a pericardial space between 
the targeted tissue and a pericardial sac that Surrounds the 
heart by retracting the targeted tissue away from the pericar 
dial sac. 

0012. The system also includes a delivery catheter com 
prising a proximal end, a distal end, and a hollow tube extend 
ing between the proximal end and the distal end, and the 
delivery catheter may be configured to be inserted into the 
second lumen of the engagement catheter. A needle may be 
located at the distal end of the delivery catheter, and the 
needle may include a pressure tip or a needle wire. In some 
embodiments, the delivery catheter may include a first lumen 
for delivering a fluid to the pericardial space. Further, the 
delivery catheter may be configured to fit within the second 
lumen of the engagement catheter Such that the needle is 
positioned to be capable of piercing the targeted tissue when 
the Suction port is attached to the targeted tissue, and Such 
that, when the tissue is pierced, access to the pericardial space 
is achieved. 
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0013. In various embodiments, the engagement catheter 
also has, in fluid communication with its second lumen, an 
injection channel that is configured to administer a fluid to the 
targeted tissue. The system may include a fluid, Such as an 
adhesive, for administration to the targeted tissue through the 
injection channel. The injection channel may beformed along 
the length of the engagement catheter, may have at its distal 
end at least one opening for administering a fluid to the heart 
tissue, and may be capable of operable attachment to an 
external fluid source at the proximal end of the injection 
channel such that fluid from the external fluid source can flow, 
through the injection channel to the targeted tissue when the 
external fluid source is operatively attached to the injection 
channel. In some embodiments, the injection channel is ring 
shaped. 
0014. Also disclosed herein are embodiments of an 
engagement catheter to be used with a vacuum source in 
accessing heart tissue. Such embodiments include an elon 
gated tube comprising a proximal end, a distal end, an outer 
wall positioned circumferentially along the length of the tube, 
and an inner wall positioned circumferentially along the 
length of the tube, wherein the outer wall and the inner wall 
form at least one Suction channel along the length of the tube 
between the outer wall and the inner wall; a vacuum port in 
communication with the proximal end of the tube, the 
vacuum port being operatively connected to the at least one 
Suction channel and capable of operative connection to the 
vacuum source; and a Suction port in communication with the 
at least one suction channel at the distal end of the tube. The 
Suction port is configured to removably attach to targeted 
tissue on the interior of a wall of the heart and is capable of 
forming a reversible seal with the heart wall when the vacuum 
source is operatively attached to the vacuum port. When the 
Suction port is attached to the targeted tissue, the engagement 
catheter is capable of enlarging the pericardial space between 
the heart and the pericardial sac. 
0.015 Certain embodiments include at least one internal 
lumen Support positioned within the Suction channel and 
attached to the outer wall and the inner wall. Each internal 
lumen support may extend from the distal end of the tube 
along at least a Substantial portion of the length of the tube. In 
embodiments having two internal lumen Supports, the lumen 
Supports form two Suction channels. 
0016. At least some of the embodiments of an engagement 
catheter disclosed herein have an injection channel formed 
along the length of the tube, the injection channel having at its 
distal end at least one opening for administering a fluid to the 
targeted tissue. The injection channel is capable of operable 
attachment to an external fluid source at the proximal end of 
the injection channel such that fluid from the external fluid 
Source can flow through the injection channel to the heart 
tissue when the external fluid source is operatively attached to 
the injection channel. 
0017 Various embodiments disclosed herein include a 
delivery catheter for use inaccessing heart tissue. Some deliv 
ery catheter embodiments include an elongated hollow tube 
comprising a proximal end, a distal end, a lumen, a needle 
extending from the distal end of the tube, and a security notch 
formed circumferentially around the needle. The security 
notch is configured to prevent over-perforation of the needle 
when piercing a wall of the heart into the pericardial space. 
The tube of some embodiments of delivery catheter further 
includes one or more openings for administering a fluid to an 
external Surface of the heart located in the pericardial space, 
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Such that the at least one opening is in fluid communication 
with the lumen of the tube. In at least some embodiments, an 
elongated guide wire may be placed inside the lumen of the 
tube and inserted into the pericardial space. 
0018. Also disclosed herein are various methods for 
accessing heart tissue. Certain embodiments include the steps 
of providing a system as disclosed herein; inserting an 
engagement catheter into the body Such that the distal end of 
the engagement catheter is positioned inside the heart and the 
suction port is in contact with the interior of a wall of the 
heart; operatively connecting a vacuum source to the vacuum 
port such that the suction port is reversibly attached to a 
targeted tissue on the interior of a wall of the heart; inserting 
the delivery catheterinto the second lumen of the engagement 
catheter, piercing the targeted tissue with the needle; and 
administering a substance into the pericardial space. In some 
embodiments, the method also includes the step of adminis 
tering a substance to the targeted tissue after withdrawal of the 
needle, and the Substance may include an adhesive for sealing 
a puncture wound in the targeted tissue. 
0019 Certain other embodiments include the steps of 
extending into a blood vessel an elongated hollow tubehaving 
a proximal end, a distal end, and at least one lumen, Such that 
the distalend of the tube is in contact with the interior of a wall 
of the heart; aspirating a targeted tissue on the interior of a 
wall of the heart such that the wall of the heart is retracted 
away from a pericardial sac Surrounding the heart to enlarge 
a pericardial space between the pericardial sac and the wall of 
the heart; delivering a fluid onto the targeted tissue; and 
removing the elongated tube from the body. Such embodi 
ments may further include the steps of inserting through a 
lumen of the elongated tube a delivery catheter having a 
proximal end, a distal end, and a needle located at the distal 
end, such that the needle is located within the heart; inserting 
the needle into the targeted tissue on the interior of the wall of 
the heart; and injecting a fluid into the pericardial space Such 
that the fluid contacts the exterior of the heart within the 
pericardial space. In at least Some embodiments, the needle is 
withdrawn after puncture, and the distal end of a guide wire is 
inserted through the lumen of the delivery catheter and into 
the pericardial space. The delivery catheter may then be 
inserted into the pericardial space. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1A shows an embodiment of an engagement 
catheter and an embodiment of a delivery catheter as dis 
closed herein; 
0021 FIG.1B shows a percutaneous intravascular pericar 
dial delivery using another embodiment of an engagement 
catheter and another embodiment of a delivery catheter as 
disclosed herein; 
0022 FIG. 2A shows a percutaneous intravascular tech 
nique for accessing the pericardial space through a right atrial 
wall or atrial appendage using the engagement and delivery 
catheters shown in FIG. 1A: 
0023 FIG. 2B shows the embodiment of an engagement 
catheter shown in FIG. 2A; 
0024 FIG. 2C shows another view of the distal end of the 
engagement catheter embodiment shown in FIGS. 2A and 
2B: 
0025 FIG. 3A shows removal of an embodiment of a 
catheter as disclosed herein; 
0026 FIG.3B shows the resealing of a puncture according 
to an embodiment as disclosed herein; 
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0027 FIG. 4A to 4C show a closure of a hole in theatrial 
wall using an embodiment as disclosed herein; 
0028 FIG. 5A shows an embodiment of an engagement 
catheter as disclosed herein; 
0029 FIG. 5B shows a cross-sectional view of the proxi 
mal end of the engagement catheter shown in FIG. 5A; 
0030 FIG. 5C shows a cross-sectional view of the distal 
end of the engagement catheter shown in FIG. 5A; 
0031 FIG. 5D shows the engagement catheter shown in 
FIG. 5A approaching a heart wall from inside of the heart; 
0032 FIG. 6A shows an embodiment of a delivery cath 
eter as disclosed herein; 
0033 FIG. 6B shows a close-up view of the needle shown 
in FIG. 6A: 
0034 FIG. 6C shows a cross-sectional view of the needle 
shown in FIGS. 6A and 6B. 

DETAILED DESCRIPTION 

0035. It will be appreciated by those of skill in the art that 
the following detailed description of the disclosed embodi 
ments is merely exemplary in nature and is not intended to 
limit the scope of the appended claims. 
0036. The disclosed embodiments include devices, sys 
tems, and methods useful for accessing various tissues of the 
heart from inside the heart. For example, various embodi 
ments provide for percutaneous, intravascular access into the 
pericardial space through an atrial wall or the wall of an atrial 
appendage. In at least Some embodiments, the heart wall is 
aspirated and retracted from the pericardial sac to increase the 
pericardial space between the heart and the sac and thereby 
facilitate access into the space. 
0037 Unlike the relatively stiff pericardial sac, the atrial 
wall and atrial appendage are rather soft and deformable. 
Hence. Suction of the atrial wall or atrial appendage can 
provide significantly more clearance of the cardiac structure 
from the pericardium as compared to Suction of the pericar 
dium. Furthermore, navigation from the intravascular region 
(inside of the heart) provides more certainty of position of 
Vital cardiac structures than does intrathoracic access (outside 
of the heart). 
0038 Access to the pericardial space may be used for 
identification of diagnostic markers in the pericardial fluid; 
for pericardiocentesis; and for administration of therapeutic 
factors with angiogenic, myogenic, and antiarrhythmic 
potential. In addition, epicardial pacing leads may be deliv 
ered via the pericardial space, and an ablation catheter may be 
used on the epicardial tissue from the pericardial space. 
0039. In the embodiment of the catheter system shown in 
FIG. 1A, catheter system 10 includes an engagement catheter 
20, a delivery catheter 30, and a needle 40. Although each of 
engagement catheter 20, delivery catheter 30, and needle 40 
has a proximal end and a distal end, FIG. 1A shows only the 
distal end. Engagement catheter 20 has a lumen through 
which delivery catheter 30 has been inserted, and delivery 
catheter 30 has a lumen through which needle 40 has been 
inserted. Delivery catheter 30 also has a number of openings 
50 that can be used to transmit fluid from the lumen of the 
catheter to the heart tissue in close proximity to the distal end 
of the catheter. 
0040. As shown in more detail in FIGS. 2A, 2B, 2C, 
engagement catheter 20 includes a vacuum channel 60 used 
for suction of a targeted tissue 65 in the heart and an injection 
channel 70 used for infusion of substances to targeted tissue 
65, including, for example, a biological or non-biological 
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degradable adhesive. As is shown in FIGS. 2B and 2C, injec 
tion channel 70 is ring-shaped, which tends to provide rela 
tively even dispersal of the infused substance over the tar 
geted tissue, but other shapes of injection channels may be 
suitable. A syringe 80 is attached to injection channel 70 for 
delivery of the appropriate substances to injection channel 70, 
and a syringe 90 is attached to vacuum channel 60 through a 
vacuum port (not shown) at the proximal end of engagement 
catheter 20 to provide appropriate Suction through vacuum 
channel 60. At the distal end of engagement catheter 20, a 
suction port 95 is attached to vacuum channel 60 for contact 
ing targeted tissue 65, such that suction port 95 surrounds 
targeted tissue 65, which is thereby encompassed within the 
circumference of suction port 95. Although syringe 90 is 
shown in FIG. 2B as the vacuum source providing suction for 
engagement catheter 20, other types of vacuum sources may 
be used, such as a controlled vacuum system providing spe 
cific Suction pressures. Similarly, Syringe 80 serves as the 
external fluid source in the embodiment shown in FIG. 2B, 
but other external fluid sources may be used. 
0041. A route of entry for use of various embodiments 
disclosed herein is through the jugular or femoral vein to the 
Superior or inferior Vena cavae, respectively, to the right atrial 
wall or atrial appendage (percutaneously) to the pericardial 
sac (through puncture). 
0042. Referring now to FIG. 1B, an engagement catheter 
100 is placed via standard approach into the jugular or femo 
ral vein. The catheter, which may be 4 or 5 Fr., is positioned 
under fluoroscopic or echocardiographic guidance into the 
right atrial appendage 110. Suction is initiated to aspirate a 
portion of atrial appendage 110 away from the pericardial sac 
120 that surrounds the heart. As explained herein, aspiration 
of the heart tissue is evidenced when no blood can be pulled 
back through engagement catheter 100 and, if Suction pres 
Sure is being measured, when the Suction pressure gradually 
increases. A delivery catheter 130 is then inserted through a 
lumen of engagement catheter 100. A Small perforation can 
be made in the aspirated atrial appendage 110 with a needle 
such as needle 40, as shown in FIGS. 1A and 2A. A guide wire 
(not shown) can then be advanced through delivery catheter 
130 into the pericardial space to secure the point of entry 125 
through the atrial appendage and guide further insertion of 
delivery catheter 130 or another catheter. Flouroscopy or 
echocardiogram can be used to confirm the position of the 
catheter in the pericardial space. Alternatively, a pressure tip 
needle can sense the pressure and measure the pressure 
change from the atrium (about 10 mmHg) to the pericardial 
space (about 2 mmHg). This is particularly helpful for tran 
septal access where puncture of arterial structures (e.g., the 
aorta) can be diagnosed and sealed with an adhesive, as 
described in more detail below. 

0043 Although aspiration of the atrial wall or the atrial 
appendage retracts the wall or appendage from the pericardial 
sac to create additional pericardial space, CO2 gas can be 
delivered through a catheter, such as delivery catheter 130, 
into the pericardial space to create additional space between 
the pericardial sac and the heart surface. 
0044) Referring now to FIG. 3A, the catheter system 
shown in FIG. 1B is retrieved by pull back through the route 
of entry. However, the puncture of the targeted tissue in the 
heart (e.g., the right atrial appendage as shown in FIG. 3A) 
may be sealed upon withdrawal of the catheter, which pre 
vents bleeding into the pericardial space. The retrieval of the 
catheter may be combined with a sealing of the tissue in one 
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of several ways: (1) release of a tissue adhesive or polymer 75 
via injection channel 70 to seal off the puncture hole, as 
shown in FIG. 3B; (2) release of an inner clip or mechanical 
stitch to close off the hole from the inside of the cavity; or (3) 
mechanical closure of the heart with a sandwich type 
mechanical device that approaches the hole from both sides of 
the wall (see FIGS. 4A, 4B, and 4C). In other words, closure 
may be accomplished by using, for example, a biodegradable 
adhesive material (e.g., fibrin glue or cyanomethacrylate), a 
magnetic system, or an umbrella-shaped nitinol stent. An 
example of the closure of a hole in theatrium is shown in FIG. 
3B. Engagement catheter 20 is attached to targeted tissue 95 
using suction through suction port 60. Tissue adhesive 75 is 
injected through injection channel 70 to coat and seal the 
puncture wound in targeted tissue 95. Engagement catheter 
20 is then withdrawn, leaving a plug of tissue adhesive 75 
attached to the atrial wall or atrial appendage. 
0045 Another example for sealing the puncture wound in 
the atrial wall or appendage is shown in FIGS. 4A, 4B, and 
4C. A sandwich-type closure, having an external cover 610 
and an internal cover 620, is inserted through the lumen of 
engagement catheter 600, which is attached to the targeted 
tissue of an atrial wall 630. Each of external and internal 
covers 610 and 620 is similar to an umbrella in that it can be 
inserted through a catheter in its folded configuration and 
expanded once it is outside of the catheter. As shown in FIG. 
4A, external cover 610 is deployed (in its expanded configu 
ration) on the outside of the atrial wall to seal a puncture 
wound in the targeted tissue. Internal cover 620 is delivered 
through engagement catheter 600 (in its folded configura 
tion), as shown in FIGS. 4A and 4B. Once internal cover 620 
is in position on the inside of atrial wall 630 at the targeted 
tissue, internal cover 620 is deployed to help seal the puncture 
wound in the targeted tissue (see FIG. 4C). Engagement 
catheter 600 then releases its grip on the targeted tissue and is 
withdrawn, leaving the sandwich-type closure to seal the 
puncture wound, as shown in FIG. 4C. External cover 610 and 
internal cover 620 may be held in place using adhesion or 
magnetic forces. 
0046 FIGS.5A, 5B, 5C, and 5D show another embodi 
ment of an engagement catheter as disclosed herein. Engage 
ment catheter 700 is an elongated tube having a proximal end 
710 and a distal end 720, as well as two lumens 730, 740 
extending between proximal end 710 and distal end 720. 
Lumens 730,740 are formed by concentric inner wall 750 and 
outer wall 760, as particularly shown in FIGS. 5B and 5C. At 
proximal end 710, engagement catheter 700 includes a 
vacuum port 770, which is attached to lumen 730 so that a 
vacuum source can be attached to vacuum port 770 to create 
suction in lumen 730, thereby forming a suction channel. At 
distal end 720 of catheter 700, a suction port 780 is attached 
to lumen 730 so that suction port 780 can be placed in contact 
with heart tissue 775 (see FIG. 5D) for aspirating the tissue, 
thereby forming a vacuum seal between suction port 780 and 
tissue 775 when the vacuum source is attached and engaged. 
The vacuum seal enables suction port 780 to grip, stabilize, 
and retract tissue 775. For example, attaching a suction port to 
an interior atrial wall using a vacuum source enables the 
suction port to retract the atrial wall from the pericardial sac 
Surrounding the heart, which enlarges the pericardial space 
between the atrial wall and the pericardial sac. 
0047. As shown in FIG. 5C, two internal lumen supports 
810, 820 are located within lumen 730 and are attached to 
inner wall 750 and outer wall 760 to provide support to the 
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walls. These lumen supports divide lumen 730 into two suc 
tion channels. Although internal lumen supports 810, 820 
extend from distal end 720 of catheter 700 along a substantial 
portion of the length of catheter 700, internal lumen supports 
810, 820 may or may not span the entire length of catheter 
700. Indeed, as shown in FIGS. 5A, 5B, and 5C, internal 
lumen supports 810,820 do not extend to proximal end 710 to 
ensure that the Suction from the external vacuum source is 
distributed relatively evenly around the circumference of 
catheter 700. Although the embodiment shown in FIG. 5C 
includes two internal lumen Supports, other embodiments 
may have just one internal Support or even three or more Such 
Supports. 
0048 FIG. 5D shows engagement catheter 700 approach 
ing heart tissue 775 for attachment thereto. It is important for 
the clinician performing the procedure to know when the 
Suction port has engaged the tissue of the atrial wall or the 
atrial appendage. For example, in reference to FIG. 5D, it is 
clear that suction port 780 has not fully engaged tissue 775 
such that a seal is formed. However, because suction port 780 
is not usually seen during the procedure, the clinician may 
determine when the proper vacuum seal between the atrial 
tissue and the Suction port has been made by monitoring the 
amount of blood that is aspirated, by monitoring the Suction 
pressure with a pressure sensor/regulator, or both. For 
example, as engagement catheter 700 approaches the atrial 
wall tissue (such as tissue 775) and is approximately in posi 
tion, the suction can be activated through lumen 730. A cer 
tain level of Suction (e.g., 10 mmHg) can be imposed and 
measured with a pressure sensor/regulator. As long as cath 
eter 700 does not engage the wall, some blood will be aspi 
rated into the catheter and the suction pressure will remain the 
same. However, when catheter 700 engages or attaches to the 
wall of the heart (depicted as tissue 775 in FIG.5D), minimal 
blood is aspirated and the Suction pressure will start to gradu 
ally increase. Each of these signs can alert the clinician 
(through alarm or other means) as an indication of engage 
ment. The pressure regulator is then able to maintain the 
Suction pressure at a preset value to prevent over-Suction of 
the tissue. 
0049. An engagement catheter, such as engagement cath 
eter 700, may be configured to deliver a fluid or other sub 
stance to tissue on the inside of a wall of the heart, including 
an atrial wall or a ventricle wall. For example, lumen 740 
shown in FIGS.5A and 5C includes an injection channel 790 
at distal end 720. Injection channel 790 dispenses to the 
targeted tissue a Substance flowing through lumen 740. As 
shown in FIG. 5D, injection channel 790 is the distal end of 
lumen 740. However, in other embodiments, the injection 
channel may be ring-shaped (see FIG.2C) or have some other 
Suitable configuration. 
0050. Substances that can be locally administered with an 
engagement catheter include preparations for gene or cell 
therapy, drugs, and adhesives that are safe for use in the heart. 
The proximal end of lumen 740 has a fluid port 800, which is 
capable of attachment to an external fluid source for Supply of 
the fluid to be delivered to the targeted tissue. Indeed, after 
withdrawal of a needle from the targeted tissue, as discussed 
herein, an adhesive may be administered to the targeted tissue 
by the engagement catheter for sealing the puncture wound 
left by the needle withdrawn from the targeted tissue. 
0051 Referring now to FIGS. 6A, 6B, and 6C, there is 
shown a delivery catheter 850 comprising an elongated hol 
low tube 880 having a proximal end 860, a distal end 870, and 
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a lumen 885 along the length of the catheter. Extending from 
distal end 870 is a hollow needle 890 in communication with 
lumen 885. Needle 890 is attached to distal end 870 in the 
embodiment of FIGS. 6A, 6B, and 6C, but, in other embodi 
ments, the needle may be removably attached to, or otherwise 
located at, the distal end of the catheter (see FIG. 1A). In the 
embodiment shown in FIGS. 6A, 6B, and 6C, as in certain 
other embodiments having an attached needle, the junction 
(i.e., site of attachment) between hollow tube 880 and needle 
890 forms a security notch 910 circumferentially around 
needle 890 to prevent needle 890 from over-perforation. 
Thus, when a clinician inserts needle 890 through an atrial 
wall to gain access to the pericardial space, the clinician will 
not, under normal conditions, unintentionally perforate the 
pericardial sac with needle 890 because the larger diameter of 
hollow tube 880 (as compared to that of needle 890) at secu 
rity notch 910 hinders further needle insertion. Although 
security notch 910 is formed by the junction of hollow tube 
880 and needle 890 in the embodiment shown in FIGS. 6A, 
6B, and 6C, other embodiments may have a security notch 
that is configured differently. For example, a security notch 
may include a band, ring, or similar device that is attached to 
the needle a suitable distance from the tip of the needle. Like 
security notch910, other security notch embodiments hinder 
insertion of the needle past the notch itself by presenting a 
larger profile than the profile of the needle such that the notch 
does not easily enter the hole in the tissue caused by entry of 
the needle. 

0052. It is useful for the clinician performing the proce 
dure to know when the needle has punctured the atrial tissue. 
This can be done in several ways. For example, the delivery 
catheter can be connected to a pressure transducer to measure 
pressure at the tip of the needle. Because the pressure is lower 
and much less pulsatile in the pericardial space than in the 
atrium, the clinician can recognize immediately when the 
needle passes through the atrial tissue into the pericardial 
Space. 

0053 Alternatively, as shown in FIG. 6B, needle 890 may 
be connected to a strain gauge 915 as part of the catheter 
assembly. When needle 890 contacts tissue (not shown), 
needle 890 will be deformed. The deformation will be trans 
mitted to strain gauge 915 and an electrical signal will reflect 
the deformation (through a classical wheatstone bridge), 
thereby alerting the clinician. Such confirmation of the punc 
ture of the wall can prevent over-puncture and can provide 
additional control of the procedure. 
0054. In some embodiments, a delivery catheter, such as 
catheter 850 shown in FIGS. 6A, 6B, and 6C, is used with an 
engagement catheter, such as catheter 700 shown in FIGS. 
5A, 5B, 5C, and 5D, to gain access to the pericardial space 
between the heart wall and the pericardial sac. For example, 
engagement catheter 700 may be inserted into the vascular 
system and advanced such that the distal end of the engage 
ment catheter is within the atrium. The engagement catheter 
may be attached to the targeted tissue on the interior of a wall 
of the atrium using a suction port as disclosed herein. A 
standard guide wire may be inserted through the lumen of the 
delivery catheter as the delivery catheter is inserted through 
the inner lumen of the engagement catheter, Such as lumen 
740 shown in FIGS. 5B and 5C. Use of the guide wire enables 
more effective navigation of the delivery catheter 850 and 
prevents the needle 890 from damaging the inner wall 750 of 
the engagement catheter 700. When the tip of the delivery 
catheter with the protruding guide wire reaches the atrium, 
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the wire is pulled back, and the needle is pushed forward to 
perforate the targeted tissue. The guide wire is then advanced 
through the perforation into the pericardial space, providing 
access to the pericardial space through the atrial wall. 
0055 Referring again to FIGS. 6A, 6B, and 6C, lumen885 
of delivery catheter 850 may be used for delivering fluid into 
the pericardial space after needle 890 is inserted through the 
atrial wall or the atrial appendage. After puncture of the wall 
or appendage, a guide wire (not shown) may be inserted 
through needle lumen 900 into the pericardial space to main 
tain access through the atrial wall or appendage. Fluid may 
then be introduced to the pericardial space in a number of 
ways. For example, after the needle punctures the atrial wall 
or appendage, the needle is generally withdrawn. If the needle 
is permanently attached to the delivery catheter, as in the 
embodiment shown in FIGS. 6A and 6B, then delivery cath 
eter 850 would be withdrawn and another delivery catheter 
(without an attached needle) would be introduced over the 
guide wire into the pericardial space. Fluid may then be 
introduced into the pericardial space through the lumen of the 
second delivery catheter. 
0056. In some embodiments, however, only a single deliv 
ery catheter is used. In such embodiments, the needle is not 
attached to the delivery catheter, but instead may be a needle 
wire (see FIG. 1A). In such embodiments, the needle is with 
drawn through the lumen of the delivery catheter, and the 
delivery catheter may be inserted over the guide wire into the 
pericardial space. Fluid is then introduced into the pericardial 
space through the lumen of the delivery catheter. 
0057 The various embodiments disclosed herein may be 
used by clinicians, for example: (1) to deliver genes, cells, 
drugs, etc.; (2) to provide catheter access for epicardial stimu 
lation; (3) to evacuate fluids acutely (e.g., in cases of pericar 
dial tampondae) or chronically (e.g., to alleviate effusion 
caused by chronic renal disease, cancer, etc.); (4) to perform 
transeptal puncture and delivery of a catheter through the left 
atrial appendage for electrophysiological therapy, biopsy, 
etc.; (5) to deliver a magnetic glue or ring through the right 
atrial appendage to the aortic root to hold a percutaneous 
aortic valve in place; (6) to deliver a catheter for tissue abla 
tion, e.g., to the pulmonary veins, or right atrial and epicardial 
surface of the heart for atrial and ventricular arrythmias; (7) to 
deliver and place epicardial, right atrial, and right and left 
Ventricle pacing leads; (8) to occlude the left atrial appendage 
through percutaneous approach; and (9) to visualize the peri 
cardial space with endo-camera or scope to navigate the epi 
cardial Surface of the heartfortherapeutic delivery, diagnosis, 
lead placement, mapping, etc. Many other applications, not 
explicitly listed here, are also possible and within the scope of 
the present disclosure. 
0.058 While various embodiments of devices, systems, 
and methods for accessing the heart tissue have been 
described in considerable detail herein, the embodiments are 
merely offered by way of non-limiting examples of the inven 
tion described herein. Many variations and modifications of 
the embodiments described herein will be apparent to one of 
ordinary skill in the art in light of the this disclosure. It will 
therefore be understood by those skilled in the art that various 
changes and modifications may be made, and equivalents 
may be substituted for elements thereof, without departing 
from the scope of the invention. Indeed, this disclosure is not 
intended to be exhaustive or to limit the scope of the inven 
tion. The scope of the invention is to be defined by the 
appended claims, and by their equivalents. 
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0059. Further, in describing representative embodiments, 
the disclosure may have presented a 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 
ofsteps may be possible. Therefore, the particular order of the 
steps disclosed herein should not be construed as limitations 
on the claims. In addition, the claims directed to a method 
and/or process should not be limited to the performance of 
their steps in the order written, and one skilled in the art can 
readily appreciate that the sequences may be varied and still 
remain within the spirit and scope of the present invention. 
0060. It is therefore intended that the invention will 
include, and this description and the appended claims will 
encompass, all modifications and changes apparent to those 
of ordinary skill in the art based on this disclosure. 
We claim: 
1. A system for use with a vacuum source for accessing the 

tissue of a heart, comprising: 
an engagement catheter comprisingaproximal end, a distal 

end, and first and second lumens extending between the 
proximal end and the distal end; 

a delivery catheter comprising a proximal end, a distal end, 
and a hollow tube extending between the proximal end 
and the distal end, the delivery catheter configured such 
that the hollow tube is capable of insertion into the 
Second lumen of the engagement catheter, 

a needle located at the distal end of the delivery catheter; 
and 

a vacuum port located at the proximal end of the engage 
ment catheter, the vacuum port being operatively con 
nected to the first lumen of the engagement catheter and 
capable of operative connection to the vacuum source: 

wherein the first lumen of the engagement catheter 
includes a Suction port located at or near the distal end of 
the engagement catheter, the Suction port configured to 
removably attach to a targeted tissue on the interior of a 
wall of the heart, such that the suction port is capable of 
forming a reversible seal with the targeted tissue when 
the vacuum source is operatively attached to the vacuum 
port, and 

wherein the system is capable of enlarging a pericardial 
space between the targeted tissue and a pericardial sac 
that Surrounds the heart by retracting the targeted tissue 
away from the pericardial sac. 

2. The system of claim 1, wherein the targeted tissue com 
prises a portion of an atrial wall. 

3. The system of claim 1, wherein the targeted tissue com 
prises a portion of an atrial appendage. 

4. The system of claim 1, wherein: 
the needle is positioned to be capable of piercing the tar 

geted tissue when the hollow tube is inserted into the 
second lumen and the Suction port is attached to the 
targeted tissue, Such that, when the targeted tissue is 
pierced, access to the pericardial space is achieved. 

5. The system of claim 4, further comprising: 
a guide wire for insertion into the pericardial space. 
6. The system of claim 5, wherein: 
the needle comprises a hollow needle in communication 

with the hollow tube, and 
the guide wire is capable of insertion through the hollow 

tube and the hollow needle into the pericardial space. 
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7. The system of claim 1, wherein the engagement catheter 
further comprises an injection channel in fluid communica 
tion with the second lumen of the engagement catheter, the 
injection channel being configured to administer a fluid to the 
targeted tissue. 

8. The system of claim 7, wherein the fluid comprises an 
adhesive. 

9. The system of claim 7, wherein the injection channel is 
ring-shaped. 

10. The system of claim 1, wherein the engagement cath 
eter further comprises an injection channel formed along the 
length of the engagement catheter, the injection channel hav 
ing at its distal end at least one opening for administering a 
fluid to the targeted tissue, the injection channel being 
capable of operable attachment to an external fluid source at 
the proximal end of the injection channel, such that fluid from 
the external fluid source can flow through the injection chan 
nel to the targeted tissue when the external fluid source is 
operatively attached to the injection channel. 

11. The system of claim 1, wherein the needle comprises a 
needle wire for piercing the targeted tissue. 

12. The system of claim 1, wherein the needle comprises a 
pressure tip needle. 

13. An engagement catheter for use with a vacuum source 
in accessing heart tissue, comprising: 

an elongated tube comprising a proximal end, a distal end, 
an outer wall positioned circumferentially along the 
length of the tube, and an inner wall positioned circum 
ferentially along the length of the tube, wherein the outer 
wall and the inner wall form at least one Suction channel 
along the length of the tube between the outer wall and 
the inner wall; 

a vacuum port in communication with the proximal end of 
the tube, the vacuum port being operatively connected to 
the at least one Suction channel and capable of operative 
connection to the vacuum source; and 

a Suction port in communication with the at least one Suc 
tion channel at the distal end of the tube, the suction port 
configured to removably attach to targeted tissue on the 
interior of a wall of the heart such that the suction port is 
capable of forming a reversible seal with the wall of the 
heart when the vacuum source is operatively attached to 
the vacuum port, 

wherein the engagement catheter is capable of enlarging a 
pericardial space between the heart and a pericardial sac 
when the suction port is attached to the interior wall of 
the heart. 

14. The engagement catheter of claim 13, further compris 
ing: 

at least one internal lumen Support positioned within the at 
least one Suction channel and attached to the outer wall 
and the inner wall, the at least one internal lumen Support 
extending from the distal end of the tube along at least a 
substantial portion of the length of the tube. 

15. The engagement catheter of claim 14, wherein: 
the at least one internal lumen Support comprises two inter 

nal lumen Supports and the at least one suction channel 
comprises two Suction channels. 

16. The engagement catheter of claim 13, further compris 
ing: 

an injection channel formed along the length of the tube, 
the injection channel having at its distal end at least one 
opening for administering a fluid to the targeted tissue, 
the injection channel being capable of operable attach 
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ment to an external fluid source at the proximal end of 
the injection channel, such that fluid from the external 
fluid source can flow through the injection channel to the 
targeted tissue when the external fluid Source is opera 
tively attached to the injection channel. 

17. A delivery catheter for use in accessing a pericardial 
space Surrounding the external Surface of a heart, comprising 

an elongated hollow tube comprising a proximal end, a 
distal end, and a lumen; 

a needle extending from the distal end of the tube; and 
a security notch formed circumferentially around the 

needle, the security notch being configured to prevent 
over-perforation of the needle when piercing a wall of 
the heart into the pericardial space. 

18. The delivery catheter of claim 17, further comprising: 
an elongated guide wire sized to be placed inside the lumen 

of the tube. 
19. The delivery catheter of claim 18, wherein: 
the needle comprises a hollow needle in communication 

with the lumen of the hollow tube, and 
the distal end of the guide wire is capable of insertion 

through the hollow tube and the hollow needle to access 
the pericardial space. 

20. The delivery catheter of claim 17, wherein the tube 
further comprises at least one opening at the distal end of the 
tube for administering a fluid to the external surface of the 
heart located in the pericardial space, such that the at least one 
opening is in fluid communication with the lumen of the tube. 

21. A method of accessing the tissue of a heart, the method 
comprising the steps of providing a system, comprising: 

an engagement catheter comprisingaproximal end, a distal 
end, and first and second lumens extending between the 
proximal end and the distal end; 

a delivery catheter comprising a proximal end, a distal end, 
and a hollow tube extending between the proximal end 
and the distal end, the delivery catheter configured to be 
inserted into the second lumen of the engagement cath 
eter; 

a needle located at the distal end of the delivery catheter; 
and 

a vacuum port located at the proximal end of the engage 
ment catheter, the vacuum port being operatively con 
nected to the first lumen of the engagement catheter and 
capable of operative connection to the vacuum source: 

wherein the first lumen of the engagement catheter 
includes a Suction port located at or near the distal end of 
the engagement catheter, the Suction port configured to 
removably attach to a targeted tissue on the interior of a 
wall of the heart, such that the suction port is capable of 
forming a reversible seal with the targeted tissue when 
the vacuum source is operatively attached to the vacuum 
port, and 

wherein the system is capable of enlarging a pericardial 
space between the targeted tissue and a pericardial sac 
that Surrounds the heart by retracting the targeted tissue 
away from the pericardial sac: 

inserting the engagement catheter into the body such that 
the distal end of the engagement catheter is positioned 
inside the heart and the suction port is in contact with the 
targeted tissue on the interior of a wall of the heart; 
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operatively connecting a vacuum source to the vacuum port 
such that the suction port is reversibly attached to the 
targeted tissue on the interior of a wall of the heart; 

inserting the delivery catheter into the second lumen of the 
engagement catheter, 

piercing the targeted tissue on the interior of a wall of the 
heart with the needle; and 

administering a substance into the pericardial space. 
22. The method of claim 21, further comprising: 
withdrawing the needle from the targeted tissue; and 
administering a substance to the targeted tissue after with 

drawal of the needle. 
23. The method of claim 22, wherein: 
the Substance comprises an adhesive for sealing a puncture 
wound in the targeted tissue. 

24. The method of claim 21, wherein: 
the targeted tissue comprises a portion of an atrial wall. 
25. The method of claim 21, wherein: 
wherein the targeted tissue comprises a portion of an atrial 

appendage. 
26. The method of claim 22, further comprising: 
accessing the pericardial space by inserting a guide wire 

through the wall of the heart into the pericardial space. 
27. A method of accessing the tissue of a heart, the method 

comprising: 
extending into a blood vessel an elongated tube having a 

proximal end, a distal end, and at least one lumen, Such 
that the distal end of the tube is in contact with a targeted 
tissue on the interior of a wall of the heart; 

aspirating the targeted tissue such that the wall of the heart 
is retracted away from a pericardial sac surrounding the 
heart to enlarge a pericardial space between the pericar 
dial sac and the wall of the heart; 

delivering a fluid onto the targeted tissue; and 
removing the elongated tube from the body. 
28. The method of claim 27, further comprising: 
inserting through one of the at least one lumen of the 

elongated tube a delivery catheter having a proximal 
end, a distal end, and a needle located at the distal end, 
such that the needle is located within the heart; 

inserting the needle into the targeted tissue; and 
injecting a fluid into the pericardial space Such that the fluid 

contacts the exterior of the heart within the pericardial 
Space. 

29. The method of claim 28, wherein: 
the needle comprises a security notch circumferentially 

around the needle. 
30. The method of claim 28, further comprising: 
inserting at least the distal end of an elongated guide wire 

through the needle into the pericardial space; 
withdrawing the needle from the targeted tissue; and 
inserting the delivery catheter into the pericardial space. 
31. The method of claim 27, wherein the elongated tube 

further comprises at least one internal lumen Support posi 
tioned within the at least one lumen, the at least one internal 
lumen Support extending from the distal end of the elongated 
tube along at least a Substantial portion of the length of the 
elongated tube. 

32. The method of claim 31, wherein the at least one 
internal lumen Support comprises two internal lumen 
Supports. 


