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DEVICES, SYSTEMS, AND METHODS FOR PROMOTION OF INFARCT
HEALING AND REINFORCEMENT OF BORDER ZONE

This International Patent Application claims priority to, and in at least some designated

countries should be considered a continuation-in-part application of. International Patent

Application No. PCT/US2008/056666, fi led March 12, 200S, which claims priority to, and in at

least some designated countries should be considered a continuation-in-part application of.

International Patent Application No. PCT/US2008/053061, filed February S 2008, which claims

priority- to, and in at least some designated countries should be considered a continuation-in-part

application of, International Application Serial No. PCT/US2007/0 15207, filed June 29, 2007,

which claims priority to U.S. Provisional Patent Application Serial No. 60/914,452, filed April

27, 2007, and U.S. Provisional Patent Application Serial No. 60/817,421, filed June 30, 2006.

lite present application also claims priority to International Patent Application No.

PCT/US2008/05306I, filed February S, 2008, International Application Serial No.

PCT/US2007/0I5207, tiled June 29, 2007, and U.S. Provisional Patent Application Serial No.

60/914,452, filed April 27, 2007. Each of these applications are incorporated herein by

reference.

BACKGROUND

Ischemic heart disease, or coronary heart disease, kills more Americans per year than any

other single cause. In 2004, one in every five deaths in the United Stales resulted from ischemic

heart disease. Indeed, the disease has had a profound impact worldwide. If left untreated,

ischemic heart disease can lead to chronic heart failure, which can be defined as a significant

decrease in the heart's ability to pump blood. Chronic heart failure is often treated with drug

therapy.

Ischemic heart disease is generally characterized by a diminished flow of blood to the

myocardium and is also 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 leading to improved

therapeutic outcomes.

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 shortcomings, such as:

(1) inconsistent delivery, (2) low efficiency of localization, and (3) relatively rapid washout into

the circulation.

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 pericardial 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

administration 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 exposure of the drug to the cardiac tissue.

In current practice, drugs are delivered into the pericardial space either by the

percutaneous transventricular method or by the transthoracic approach. The percutaneous

transventricuiar method involves the controlled penetration of a catheter through the ventricular

myocardium to the pericardial 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.

For some patients with chronic heart failure, cardiac resynchronization therapy ("CRT")

can be used in addition to drug therapy to improve heart function. Such patients generally have

an abnormality in conduction that causes the right and left ventricles to beat (i.e., begin systole)

at slightly different times, which further decreases the heart's already-limited function. CRT

helps to correct this problem of dyssynchrony by resynchronizing the ventricles, thereby leading

to improved heart function. The therapy involves the use of an implantable device that helps

control the pacing of at least one of the ventricles through the placement of electrical leads onto

specified areas of the heart. Small electrical signals are then delivered to the heart through the

leads, causing the right and left ventricles to beat simultaneously.

Like the local delivery of drugs to the heart, the placement of CRT leads on the heart can

be challenging, particularly when the target placement site is the left ventricle. Leads can be

placed using a transvenous approach through the coronary sinus, by surgical placement at the

epicardium, or by using an endocardial approach. Problems with these methods of lead

placement can include placement at an improper location (including inadvertent placement at or

near scar tissue, which does not respond to the electrical signals), dissection or perforation of the

coronary sinus or cardiac vein during placement, extended fluoroscopic exposure (and the

associated radiation risks) during placement, dislodgement of the lead after placement, and long

and unpredictable times required for placement (ranging from about 30 minutes to several

hours).

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

additional clearance tends to decrease the likelihood that the myocardium will be inadvertently

punctured when the pericardial sac is pierced.

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 and CRT lead placement are

most needed. When the heart is enlarged, the pericardial space is significantly smaller and the

risk of puncturing the right ventricle 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 pericardium and, therefore, very little clearance of the pericardium from the

heart.

As reference above, the heart is surrounded by a "sac" referred to as the pericardium.

The space between the surface of the heart and the pericardium can normally only accommodate

a small amount of fluid before the development of cardiac tamponade, defined as an emergency

condition in which fluid accumulates in the pericardium. Therefore, it is not surprising that

cardiac perforation can quickly result in tamponade, which can be lethal. With a gradually

accumulating effusion, however, as is often the case in a number of diseases, very large

effusions can be accommodated without tamponade. The key factor is that once the total

intrapericardial volume has caused the pericardium to reach the noncompliant region of its

pressure-volume relation, tamponade rapidly develops. Little W. C , Freeman G. L. (2006).

"Pericardial Disease." Circulation 113(12): 1622-1632.

Cardiac tamponade occurs when fluid accumulation in the intrapericardial space is

sufficient to raise the pressure surrounding the heart to the point where cardiac filling is affected.

Ultimately, compression of the heart by a pressurized pericardial effusion results in markedly

elevated venous pressures and impaired cardiac output producing shock which, if untreated, it

can be rapidly fatal. Id.

The frequency of the different causes of pericardial effusion varies depending in part

upon geography and the patient population. Corey G. R. (2007). "Diagnosis and treatment of

pericardial effusion." http://palients.uptodale.com. A higher incidence of pericardial effusion is

associated with certain diseases. For example, twenty-one percent of cancer patients have

metastases to the pericardium. The most common are lung (37% of malignant effusions), breast

(22%), and leukemia/lymphoma (17%). Patients with HIV, with or without AIDS, are found to

have increased prevalence, with 41-87% having asymptomatic effusion and 13% having

moderate-to-severe effusion. Strimel W. J. e. a. (2006). "Pericardial Effusion."

http://www.emedicine.com/med/topic1786.htm.



End-stage renal disease is a major public health problem. In the United States, more than

350,000 patients are being treated with either hemodialysis or continuous ambulatory peritoneal

dialysis. Venkat A., Kaufmann K. R., Venkat K. (2006). "Care of the end-stage renal disease

patient on dialysis in the ED." Am J Emerg Med 24(7): 847-58. Renal failure is a common

cause of pericardial disease, producing large pericardial effusions in up to 20% of patients. Task

Force members, Maisch B., Seferovic P. M., Ristic A. D., Erbel R., Rienmuller R., Adler Y.,

Tomkowski W. Z., fhiene G., Yacoub M. H., ESC Committee for Practice Guidelines, Priori S.

G., Alonso Garcia M. A., Blanc J -J., Budaj A.. Cowie M., Dean V., Deckers J., Fernandez

Burgos E., Lekakis 3., Lindahl B., Mazzotta G., Moraies J., Oto A., Smlseth O. A., Document

Reviewers, Acar J., Arbustini E., Becker A. E., Chiaranda G.. Hasin Y., Jenni R., Klein W.,

Lang J., Luscher T. F., Pinto F. J., Shabetai R., Simoons M. L., Soler Soler J., Spodick D. H.

(2004). "Guidelines on lhe Diagnosis and Management of Pericardial Diseases Executive

Summary: The Task Force on the Diagnosis and Management of Pericardial Diseases of the

European Society of Cardiology." Eur Heart J 25(7): 587-610.

Viral pericarditis is the most common infection of the pericardium. Inflammatory

abnormalities are due to direct viral attack, the immune response (antiviral or anticardiac), or

both. ϊd. Purulent (bacterial) pericarditis in adults is rare, but always fatal if untreated.

Mortality rate in treated patients is 40%, mostly due to cardiac tamponade, toxicity, and

constriction. It is usually a complication of an infection originating elsewhere in the body,

arising by contiguous spread or haematogenous dissemination. Id.. Other forms of pericarditis

include tuberculous and neoplastic.

The most common secondary malignant tumors are lung cancer, breast cancer, malignant

melanoma, lymphomas, and leukemias. Effusions may be small or large with an imminent

tamponade. In almost two-thirds of the patients with documented malignancy pericardial

effusion is caused by non-malignant diseases, e.g., radiation pericarditis, or opportunistic

infections. The analyses of pericardial fluid, pericardial or epicardial biopsy are essential for the

confirmation of malignant pericardial disease. Id.

Management of pericardial effusions continues to be a challenge. There is no uniform

consensus regarding the best way to treat this difficult clinical entity. Approximately half the

patients with pericardial effusions present with symptoms of cardiac tamponade. In these cases,

symptoms are relieved by pericardial decompression, irrespective of the underlying cause.

Georghiou G. P., Stamler A., Sharoni E., Fichman-Horn S., Berman M., Vidne B. A., Saute M.

(2005). "Video-Assisted Thoracoscopic Pericardial Window for Diagnosis and Management of

Pericardial Effusions." Ann Thorac Surg 80(2): 607-610. Symptomatic pericardiac effusions are

common and may result from a variety of causes. When medical treatment has failed to control

the effusion or a diagnosis is needed, surgical intervention is required. Id.



The most effective management of pericardial effusions has yet to be identified. The

conventional procedure is a surgically placed pericardial window under general anesthesia. This

procedure portends significant operative and anesthetic risks because these patients often have

multiple comorbidities. Less invasive techniques such as blind needle pericardiocentesis have

high complication and recurrence rates. The technique of echocardiographic-guided

pericardiocentesis with extended catheter drainage is performed under local anesthetic with

intravenous sedation. Creating a pericardiostomy with a catheter in place allows for extended

drainage and sclerotherapy. Echocardiographic-guided pericardiocentesis has been shown to be a

sate and successful procedure when performed at university-affiliated or academic institutions,

However, practices in community hospitals have rarely been studied in detail. Buchanan C. L ,

Sullivan V. V., Lampman R., Kuikarni M. G. (2003). "Pericardiocentesis with extended catheter

drainage: an effective therapy." Ann Thorac Surg 76(3): 817-82.

The treatment of cardiac tamponade is drainage of the pericardial effusion. Medical

management is usually ineffective and should be used only while arrangements are made for

pericardial drainage. Fluid resuscitation may be of transient benefit if the patient is volume

depleted (hypovolemic cardiac tamponade).

Surgical drainage (or pericardiectomy) is excessive for many patients. The best option is

pericardiocentesis with the Seldinger technique, leaving a pigtail drainage catheter that should

be kept in place until drainage is complete. Sagrista Sauleda J., Permanyer Miralda G., Soler

Soler J. (2005). "(Diagnosis and management of acute pericardial syndromes]." Rev Esp Cardiol

58(7): 830-41. This less-invasive technique resulted in a short operative time and decreased

supply, surgeon, and anesthetic costs. When comparing procedure costs of a pericardial window

versus an echo-guided pericardiocentesis with catheter drainage at our institution, there was a

cosl savings of approximately $l,800/case in favor of catheter drainage. In an era of accelerating

medical costs, these savings are of considerable importance. Buchanan C. L., Sullivan V. V.,

Lampman R., Kuikarni M. G. (2003). "Pericardiocentesis with extended catheter drainage: an

effective therapy." Ann Thorac Surg 76(3): 817-82.

Myocardial infarctions (heart attacks) affect a significant number of people, typically

resulting in damaged heart tissue from a lack of blood flow. The area surrounding the

myocardial infarct, known as the border zone, is the border between the non-viable tissue from

the myocardial infarct and its surrounding viable tissue. Over time, as the border zone expands

(due to a lack of myocardial infarct healing), the heart will fail, typically resulting in death.

Healthy myocardium is uniformly irrigated, meaning that the tissue receives its needed

blood flow in order to remain healthy. If such tissue becomes deprived of blood (from a

myocardial infarction), areas of the tissue may become "patchy" or contain "islands" of health

tissue and/or damaged tissue.



Attempts to facilitate infarct healing date back to at least 1993, when Pleischmann et ai.

introduced a therapeutic method for open fractures which combined conventional negative

pressure drainage with modern occlusive dressing. '{Tie technique later became known as

vacuum-assisted closure (VAC) technique, which obtained certification by the U.S. Food and

Drug Administration. Chen S. Z. et al. (2005). "Effects of vacuum-assisted closure on wound

microcirculation: an experimental study." Asian J. Surg. 28{3): 2 11-7. The VAC technique

applies sub-atmospheric pressure by controlled suction through a porous dressing.

In 1999, Obdetjn and colleagues applied this new method for treatment for

postetemotomy mediastinals. Although scientific evidence tor VAC efficacy for promotion of

wound healing is established, the effects on heart and lung function are still not fully understood.

Petzina R. et ai. (2007). "Hemodynamic effects of vacuum-assisted closure therapy in cardiac

surgery: assessment using magnetic resonance imaging." J. Thorac. Cardiovasc. Surg. 133(5):

1154-62.

The major objectives of VAC are to clean the wound, reduce wound edema and

infection, improve local blood flow, and promote the growth of healthy granulation tissue. Chen

et al. 2005. VAC has been shown to significantly increase blood volume, and the increase in

blood flow was related to the increase in capillary caliber, density, and angiogenesis. ϊd.

Negative pressure is thought to cause an increase in blood flow due to a pressure gradient

of blood between the wound and surrounding tissues. This would passively dilate the capillaries

and open up the capillary bed of the organ of interest. The VAC treatment has also been shown

to re Sto re the integrity of the basement membrane and reduce the endothelial space.

The VAC device produces microdeformations of the wound surface in contact with a

foam. An application of the microdefo πnational wound therapy (MDWT) may cause local

wound hypoxia, which is a potent stimulator of vascular endothelial growth factor (VEGF)

production. Greene A. K. et al. (2006). "Microdeformational wound therapy: effects on

angiogenesis and matrix metal loproteinases in chronic wounds of 3 debilitated patients," Ann.

Plast. Surg. 56(4): 418-22. MDWT increases angiogeneshs and reduces metalloproteinase

(MMP) activity, both of which promote chronic wound healing. Id.

For the left ventricle, it has been demonstrated that an imbalance between MMP and

tissue inhibitor MMPs occurs in the post-myocardia! infarct (Ml) myocardium, and that

increased MMP proteolytic activity facilitates post-MI remodeling and eventually LV dilation.

Webb et al., Circulation, Sep 2006; 114: 1020 - 1027.

Healing is an interdependent process that involves complex interactions between cells,

the cellular microenvironment, biochemical mediators, and extracellular matrix molecules that

results in a functional restoration of the injured tissue. The rate of wound healing is restricted by

the available vascular supply and the rates of formation of new capillaries and matrix molecules.



Morykwas M. J. et a!. ( J997). "Vacuum-assisted closure: a new method for wound control and

treatment: animal studies and basic foundation." Ann. Plasl. Surg. 38(6): 553-62. The increase

in localized blood flow following application of sub-atmospheric pressure may be due to active

removal of the excess interstitial fluid from the tissues surrounding the wound, decompressing

small blood vessels and restoring blood flow. Id.

A mechanical stretch of adult cardiac myocytes or neonatal myocytes* cultured in serum-

free media by 10 to 20 percent above resting length increases protein synthesis without UNA

synthesis (hypertrophy). This demonstrates that cardiac myocytes can sense external load in the

absence of neuronal and hormonal factors. A stretch of cardiac myocytes in vitro also causes

transcriptional activation of immediate-early genes followed by an induction of the fetal genes.

VAC may provide the stretch stimulus known to show efficacy.

Previous studies on VAC therapy in pig models have shown that -l25mmHg is the

optimal negative pressure for wound healing which has been established as a standard pressure

in clinical use. On the heart surface, pressures as low as -25 mmHg have been shown to be

effective in increasing microvascular flow.

In continuous sub-atmospheric pressure-treated wound, the granulation tissue showed

hyper-proliierative growth above the margins of the wound. In an intermittent sub-atmospheric

pressure-treated wound, the mean increase in rate of granulation tissue formation was

significantly greater than in control wounds. Morykwas M. J. et al., 1997.

A single mechanical stretch causes an up-regulation of cells whereas intermittent

application of sub-atmospheric pressure results in repetitive release of second messengers. This

continual stimulation is shown in the more rapid deposition of granulation tissue in wounds

exposed to intermittent sub-atmospheric pressure as compared to wounds exposed to continuous

sub-atmospheric pressure. Changes in cellular shape increase proliferation and protein and

matrix molecule synthesis and promote granulation tissue formation. Id.

Regarding heart reinforcement, left ventricular remodeling after acute myocardial

infarction is a complex process that either produces a compensated ventricle with stable

hemodynamics or an uncompensated ventricle that progressively enlarges and eventually fails.

Bowen F. W. et al. (2001). "Restraining acute infarct expansion decreases collagenase activity in

borderzone myocardium." Ann. Thorac. Surg. 72(6): 1950-6. The changes in the cardiac

collagen network occur after myocardial infarct. Reparative fibrosis results in response to a loss

of myocardial material after necrosis or apoptosis, due to myocardial ischemia or senescence.

Piuhola J. (2002). "Regulation of cardiac responses to increased load: Role of endothelin-1,

angiotensin II and collagen XV."

Materials currently available for cardiac patching include synthetics, such as woven

nylon (Dacron) and expanded polytetrafluoroethlyene (ePTFE), as well as glutaraldehyde-cross-



linked biological membranes, like bovine pericardium. Although such materials perform

adequately to fill tissue voids or reinforce weaknesses, they have no capacity for bioresorption,

and therefore do not become viable. Such patches become incorporated by fibrotic

encapsulation and cannot restore regional tissue functionality. Robinson K. A. et al. (2005).

"Extracellular matrix scaffold for cardiac repair." Circulation 112 (9 Suppl): 1135-43.

Polymer scaffolds can be produced from natural or synthetic materials. Natural materials

may mimic the native cellular environment as they are often extracellular matrix components,

and may include collagen, hydroxyapatite, Matrigei, alginate, etc. Synthetic materials have the

advantage of having selected material properties such as strength, degradation time, porosity,

and microstructure.

Growth (actors can also be incorporated into the matrix, wherein defined shapes and sizes

can be fabricated readily and reproducibly. Ideally such polymers must be biocompatible and

bioabsorbable, nonimmunogenic, support cell growth, and be able to induce angiogenesis to

supply the newly formed tissue. The most widely used polymers in tissue engineering fulfilling

these criteria include the poly (alpha-hydroxy acids) of the aliphatic polyesters (polyglycolic acid

(PGA), polylactic acid (PLA), and the copolymers (PLGA)) of these materials.

Bone marrow stromal cells (or mesenchymal stem cells) have been shown to have the

potential of differentiating into cardiomyocytes in vitro after treatment with 5-azaeytidine.

Because these cells can be harvested repeatedly by bone marrow aspiration, can be expanded

significantly in vitro, and do not require immunosuppression, they are an attractive cell source

for cellular cardiomyoplasty. Fuchs J. R. et al. (2001). "Tissue engineering: a 21st century

solution to surgical reconstruction." Ann. Thorac. Surg. 72(2): 577-91.

The second approach to myocardial tissue engineering involves seeding cells onto a

biodegradable scaffold. Tissue-engineered constructs have a definitive structure and may be

more apt to produce a significant myocardial augmentation when transplanted as opposed to a

cell suspension alone. Furthermore, biodegradable polymers such as PGA and poly-L-lactic acid

are well suited for the delivery of a large number of cells because of their high porosity and

surface area, which also allows for the vascularization and structural integration of the new

tissue with surrounding native tissue after implantation. Fuchs, J. R. et al., 2001.

Clearly, there is a clinical need for a mini-invasive, sate and effective approach to

treatment of pericardial effusion and tamponade. The present application takes advantage of a

safe and effective pericardial access approach previously disclosed in combination with a special

catheter used specifically for fluid drainage, fluid diagnosis, resuscitation and therapy delivery to

treat the underlying cause of the effusion.

Thus, there is need for an efficient, easy to use, and relatively inexpensive device, system

and technique that can be used to access the heart for local delivery of therapeutic and diagnostic



substances, as well as of CRT leads and olher types of leads. There s also a need for an

efficient, easy to use, and relatively inexpensive device, system and technique that can be used

to access a space containing fluid within a tissue to remove the fluid and to optionally deliver a

substance if necessary. There is also a need for an efficient, easy to use, and relatively

inexpensive device, system and method that can be used to effectively heal a myocardial infarct

and reinforce its border zone.

BRIEF SUMMARY

Disclosed herein are devices, systems, and methods for myocardial infarct healing and

reinforcement of its border zone. According to at least one embodiment of a device for

myocardial infarct healing and/or border zone reinforcement, the device comprises a

suction/infusion catheter with one or more apertures useful for delivering a substance to a target

site within the pericardial space over the epicardial surface of the heart. In another embodiment,

the suction/infusion catheter comprises a "memory" as described herein.

According to at least one embodiment of a method for myocardial infarct healing, the

method comprises the steps of introducing a suction/infusion catheter Io a target site within a

heart and introducing a negative pressure via suction at or near a target site to facilitate blood

flow and general myocardial infarct healing.

According to at least one embodiment of a method of border zone reinforcement, the

method comprises the steps of introducing a suction/infusion catheter to a target site within the

pericardial space surrounding the heart and delivering a glue-like substance and/or magnetic

cells to a target site to facilitate myocardial infarct and/or border zone reinforcement.

According to at least one embodiment of a method of facilitating myocardial infarct

repair, the method comprises the steps of introducing at least one suction/infusion catheter

having a lumen therethrough to a pericardial space surrounding a heart at or near a site of

myocardial infarct, the at least one suction/infusion catheter comprising one or more apertures

defined along a portion of the at least one suction/infusion catheter at or near a distal end of the

at least one suction/infusion catheter, and a memory comprising a first configuration when the at

least one suction/infusion catheter is at least partially extended from a deliver)' catheter,

operably connecting a vacuum source at or near a proximal end of the at least one

suction/infusion catheter, extending the at least one suction/infusion catheter from the delivery

catheter to create a coiled configuration, and operating the vacuum source to create suction from

the one or more apertures at or near the distal end of the at least one suction/infusion catheter,

wherein the suction results in increased blood flow at or near the site of myocardial infarct. In

another embodiment, the first configuration of the memory comprises a coiled configuration. In

yet another embodiment, the coiled configuration comprises a racquet shape. In an additional



embodiment, the memory further comprises a second configuration, wherein the first

configuration comprises a coiled configuration, and wherein the second configuration comprises

an uncoiled configuration. In yet an additional embodiment, lhe step of introducing the at least

one suction/infusion catheter is performed using a pericardial sac approach.

According to at least one embodiment of a method of facilitating myocardial infarct

repair, the step of introducing the at least one suction/infusion catheter is performed by

introducing the at least one suction/infusion catheter into a jugular vein, through a superior vena

cava, and into the pericardial space. In another embodiment, the step of introducing the at least

one suction/infusion catheter is performed by introducing the at least one suction/infusion

catheter into a femoral vein, through an inferior vena cava, and into the pericardial space. In yet

another embodiment, the site of myocardial infarct is at a left ventricle of the heart, and wherein

the step of introducing the at least one suction/infusion catheter comprises the introduction of

the at least one suction/infusion catheter into the pericardial space at or near the left ventricle of

the heart. In an additional embodiment, the one or more apertures comprises multiple apertures.

In yet an additional embodiment, the vacuum source comprises a syringe.

According to at least one embodiment of a method of facilitating myocardial infarct

repair, the vacuum source comprises a controlled pressure suction console. In another

embodiment, the at least one suction/infusion catheter further comprises a guide wire positioned

at the distal end of the at least one suction/infusion catheter, wherein the guide wire facilitates

introduction of the at least one suction/infusion catheter in the step of introducing the at least

one suction-'infusion catheter. In yet another embodiment, the at least one suction/infusion

catheter comprises two suction/infusion catheters. In an additional embodiment, the at least one

suction/infusion catheter comprises at least three suction/infusion catheters. In yet an additional

embodiment, the step of operating the vacuum source facilitates removal of a gas, fluid, and/or a

particulate from a location into the pericardial space.

According to at least one embodiment of a method of facilitating myocardial infarct

repair, the step of extending the at least one suction/infusion catheter from the delivery catheter

allows for an increased surface area of at least one suction/infusion catheter to be positioned at

or near the site o f myocardial infarct, in another embodiment, the method further comprises the

step of introducing an occluder within the lumen of the at least one suciion/infusion catheter. In

yet another embodiment, the occluder may partially or completely block one or more apertures

of the at least one suciion/infusion catheter. In an additional embodiment, the at least one

suction/infusion catheter further comprises a Suppo rt wire positioned along at least part of a

length of the at least one suction/infusion catheter. In yet an additional embodiment, the support

wire facilitates the step of introducing at least one suction/catheter at or near a site of myocardial

infarct.



According to at least one embodiment of a method of facilitating myocardial infarct

repair, the support wire is used to define the memory comprising the first configuration. In

another embodiment, the support wire provides rigidity to the at least one suction/infusion

catheter. In yet another embodiment, the method further comprises the step of introducing an

occluder within the lumen of the at least one suction/infusion catheter, wherein ihe step of

introducing an occluder is facilitated by the support wire, m an additional embodiment, the step

of operating the vacuum source causes blood within an area surrounding the heart to flow within

the site of myocardial infarct to facilitate myocardial infarct healing. In yet an additional

embodiment, the suction created by the vacuum source causes a negative pressure to exist at the

site of myocardial infarct.

According to at least one embodiment of a suction/infusion catheter for facilitating

myocardial infarct repair, the suction/infusion catheter comprises one or more apertures defined

along a portion of the suction/infusion catheter at or near a distal end of the suction/infusion

catheter, and a memory comprising a first configuration when the suction/infusion catheter is at

least partially extended from a delivery catheter, wherein the suction/infusion catheter, when

introduced into a pericardial space surrounding a heart at or near a site of myocardial infarct, is

operable to stimulate blood flow via suction from the suction/infusion catheter. In another

embodiment, the suction/infusion catheter further comprises a vacuum source operably

connected at or near a proximal end of the suction/infusion catheter. In yet another embodiment,

operation of the vacuum source causes suction within a lumen within the suction/infusion

catheter. In an additional embodiment, the first configuration of the memory comprises a coiled

configuration. In yet an additional embodiment, the coiled configuration comprises a racquet

shape.

According to at least one embodiment of a suction/infusion catheter for facilitating

myocardial infarct repair, the memory further comprises a second configuration, wherein the

first configuration comprises a coiled configuration, and wherein the second configuration

comprises an uncoiled configuration. In another embodiment, the suction/infusion catheter

further comprises a guide wire positioned at the distal end of the suction/infusion catheter,

wherein the guide wire facilitates introduction of the suction/infusion catheter into the

pericardial space. In yet another embodiment, the suction/infusion catheter further comprises an

occluder positioned within a lumen of the suction/infusion catheter, ϊn an additional

embodiment, the occluder may partially or completely block one or more apertures of the

suction/infiision catheter. In yet an additional embodiment, the suction/infusion catheter further

comprises a support wire positioned along at least part of a length of the suction/infusion

catheter.



According to at least one embodiment of a suction/infusion catheter for facilitating

myocardial infarct repair, the support wire facilitates introduction of the suction/catheter into the

pericardial space. In another embodiment, the support wire is used to define the memory

comprising the first configuration. In yet another embodiment, the support wire provides

rigidity to the suction/infusion catheter.

According to at least one embodiment of a system for facilitating myocardial infarct

repair, the system comprises an engagement catheter having a proximal end, a distal end, and a

lumen positioned therethrough, a delivery catheter having a proximal end, a distal end, and a

lumen positioned therethrough, the deliver)' catheter positioned at least partially within the

lumen of the engagement catheter, and at least one suction/inf skm catheter positioned at least

partially within the lumen of the delivery catheter, the at least one suction/infusion catheter

comprising one or more apertures defined along a portion of the suction/infusion catheter at or

near a distal end of the at least one suction/infusion catheter, and a memory comprising a first

configuration when the at least one suction/infusion catheter is at least partially extended from a

delivery catheter, wherein the at least one suction/infusion catheter, when introduced to a

pericardial space surrounding a heart at or near a site of myocardial infarct, is operable to

stimulate blood flow via suction from the at least one suction/infosion catheter, ϊn another

embodiment, the system further comprises a vacuum source operably connected at or near a

proximal end of the at least one suction/infusion catheter. In yet another embodiment, operation

of the vacuum source causes suction within a lumen within the at least one suction/infusion

catheter. In an additional embodiment, the first configuration of the memory comprises a coiled

configuration. In yet an additional embodiment, the coiled configuration comprises a racquet

shape.

According to at least one embodiment of a system for facilitating myocardial intarct

repair, the memory further comprises a second configuration, wherein the first configuration

comprises a coiled configuration, and wherein the second configuration comprises an uncoiled

configuration. In another embodiment, the at least one suction/infusion catheter further

comprises a guide wire positioned at or near the distal end of the at least one suction/infusion

catheter, wherein the guide wire facilitates introduction of the at least one suction/infusion

catheter into the pericardial space. n yet another embodiment, the system further comprises an

occluder positioned within a lumen of the at least one suction/infusion catheter. In yet an

additional embodiment, the occluder may partially or completely block one or more apertures of

the at least one suction/infusion catheter. In an additional embodiment, the system further

comprises a support wire positioned along at least part of a length of the at least one

suction/intusion catheter.



According to at least one embodiment of a system for facilitating myocardial infarct

repair, the support wire facilitates introduction of the at least one suction/catheter into the

pericardial space. In another embodiment, the support wire is used to define the memory

comprising the first configuration. In yet another embodiment, the support wire provides

rigidity to the at least one suction/infusion catheter.

According to at least one embodiment of a method of myocardial infarct border zone

reinforcement, the method comprises the steps of introducing at least one suction/infusion

catheter having a lumen therethrough to a pericardial space surrounding a heart at or near a

myocardial infarct border zone, the at least one suction/infusion catheter comprising or more

apertures defined along a portion of the at least one suction/infusion catheter at or near a distal

end of the at least one suction/infusion catheter, and a memory comprising a first configuration

when the at least one suction/infusion catheter is at least partially extended from a delivery

catheter, injecting a glue-like substance through the lumen of the at least one suction/infesion

catheter and out from the one or more apertures to deliver the glue-like substance into the

pericardial space at or near the myocardial infarct border zone, and injecting magnetic cells

through the lumen of the at least one suction/infusion catheter and out from the one or more

apertures to deliver the magnetic cells into the pericardial space at or near the myocardial infarct

border zone, wherein the magnetic cells are attracted to the glue-like substance, and wherein the

magnetic cells provide structural support to the myocardial infarct border zone. In another

embodiment, the glue-like substance comprises a biologic glue. In yet another embodiment, the

biologic glue comprises liposomes containing magnetic particles. In an additional embodiment,

the liposomes comprise a peptide attached to an outer surface of the liposomes. In yet an

additional embodiment, the peptide comprises an arginine-glycine-apsartate peptide.

According to at least one embodiment of a method of myocardial infarct border zone

reinforcement, the glue-like substance binds to a myocardial infarct border zone. In another

embodiment, the magnetic cells comprise biologic cells. In yet another embodiment, the

biologic cells comprise dermal fibroblasts. In an additional embodiment, the dermal fibroblasts

contain magnetic particles. In yet an additional embodiment, the magnetic cells are attracted to

a peptide attached to the glue-like substance.

According to at least one embodiment of a method of myocardial infarct border zone

reinforcement, the magnetic cells are magnetically attracted to the glue like substance. In

another embodiment, the magnetic cells, when positioned within the pericardial space at or near

the myocardial infarct border zone, may reproduce to form a tissue, said tissue providing

structural support at the myocardial infarct border zone. In yet another embodiment, the first

configuration of the memory comprises a coiled configuration. In an additional embodiment,

the coiled configuration comprises a racquet shape. In yet an additional embodiment, the



memory further comprises a second configuration, wherein the first configuration comprises a

coiled configuration, and wherein the second configuration comprises an uncoiled configuration.

According to at least one embodiment of a method of myocardial infarct border zone

reinforcement, the step of introducing the ai least one suction/int υsion catheter is performed

using a pericardia! sac approach. In another embodiment, the step of introducing the at least one

suction/infusion catheter is performed by introducing the at least one suction/infusion catheter

into a jugular vein, through a superior vena cava, and into the pericardial .space. In yet another

embodiment, the step of introducing the at least one suction/infusion catheter is performed by

introducing the at feast one suction/infusion catheter into a femoral vein, through an inferior

vena cava, and into the pericardial space. In an additional embodiment, the myocardial infarct

border zone is at a left ventricle of the heart, and wherein the step of introducing the at least one

suction/infusion catheter comprises the introduction of the at least one suction/infusion catheter

into the pericardial space at or near the left ventricle of the heart. In yet an additional

embodiment, the at least one suction/infusion catheter further comprises a guide wire positioned

at the distal end of the at least one suction/infusion catheter, wherein the guide wire facilitates

introduction of the at least one suction/infusion catheter in the step of introducing the at least

one suction/infusion catheter.

According to at least one embodiment of a method of myocardial infarct border zone

reinforcement, the at least one suction/infusion catheter comprises two suction/infusion

catheters. In another embodiment, the at least one suction/infusion catheter comprises at least

three suction/infusion catheters. In yet another embodiment, the step of extending the at least

one suction/infusion catheter from the delivery catheter allows for an increased surface area of at

least one suction/infusion catheter to be positioned at or near the myocardial infarct border zone.

In an additional embodiment, the method further comprises the step of introducing an occluder

within the lumen of the at least one suction/infusion catheter. In yet an additional embodiment,

the occluder may partially or completely block one or more apertures of the at least one

suction/infusion catheter.

According to at least one embodiment of a method of myocardial infarct border zone

reinforcement, the at least one suction/infusion catheter ther comprises a support wire

positioned along at least part of a length of the at least one suction/intusion catheter. In another

embodiment, the support wire facilitates the step of introducing at least one suction/catheter into

the pericardial space. In yet another embodiment, the support wire is used to define the memory

comprising the first configuration. In an additional embodiment, the support wire provides

rigidity to the at least one suction/infusion catheter. In yet an additional embodiment, tlie

method further comprises the step of introducing an occluder within the lumen of the at least one



suction/infusion catheter, wherein the step of introducing an occluder is facilitated by the

support wire.

According to at least one embodiment of a suction/infusion catheter for facilitating

myocardial infarct border zone reinforcement, the suction/infusion catheter comprises one or

more apertures defined along a portion of the suction/infusion catheter at or near a distal end of

the suclion/infusion catheter, and a memory comprising a first configuration when the

suction/infusion catheter is at least partially extended from a delivery catheter, wherein the

suction/infusion catheter, when introduced into a pericardial space surrounding a heart at or near

a myocardial infarct border zone, is operable to inject a glue-like substance through a lumen of

the suction/infusion catheter and out from the one or more apertures to deliver the glue-like

substance into the pericardial space at or near the myocardial infarct border zone. In another

embodiment, the suction/infusion catheter is further operable to inject magnetic cells through the

lumen of the suction/infusion catheter and out from the one or more apertures to deliver the

magnetic cells into the pericardial space at or near the myocardial infarct border zone, wherein

the magnetic cells are attracted to the glue-like substance, and wherein the magnetic cells

provide structural support to the myocardial infarct border zone. In yet another embodiment, the

first configuration of the memory comprises a coiled configuration, In an additional

embodiment, the coiled configuration comprises a racquet shape. In yet an additional

embodiment, the memory further comprises a second configuration, wherein the first

configuration comprises a coiled configuration, and wherein the second configuration comprises

an uncoiled configuration.

According to at least one embodiment of a suction/infusion catheter for facilitating

myocardial infarct border zone reinforcement, the suction/infusion catheter further comprises a

guide wire positioned at the distal end of the suction/infusion catheter, wherein the guide wire

facilitates introduction of the suction/infusion catheter into the pericardial space. In another

embodiment, the suction/infusion catheter further comprises an occluder positioned within a

lumen of the suction/infusion catheter. Jn yet another embodiment, the occluder may partially or

completely block one or more apertures of the suction/infusion catheter. In an additional

embodiment, the suction/infusion catheter further comprises a support wire positioned along at

least part of a length of the suction/infusion catheter. In yet an additional embodiment, the

support wire facilitates introduction of the suction/catheter into the pericardial space.

According to at least one embodiment of a suction/infusion catheter for facilitating

myocardial infarct border zone reinforcement, the support wire is used to define the memory

comprising the first configuration. In another embodiment, the support wire provides rigidity to

the suction/infusion catheter. In yet another embodiment, the glue-like substance comprises a

biologic glue. In an additional embodiment, the biologic glue comprises liposomes containing



magnetic particles. In yet an additional embodiment, the liposomes comprise a peptide attached

to an outer surface of the liposomes.

According to at least one embodiment of a suction/infusion catheter for facilitating

myocardial infarct border zone reinforcement, the peptide comprises an arginine-glycine-

apsartate peptide. In another embodiment, the glue-like substance binds to the myocardial

infarct border zone. In yet another embodiment, the magnetic cells comprise biologic cells. In

an additional embodiment, the biologic cells comprise dermal fibroblasts. In yet an additional

embodiment, the dermal fibroblasts contain magnetic particles.

According to at least one embodiment of a suction/infusion catheter for facilitating

myocardial infarct border zone reinforcement, the magnetic cells are attracted to a peptide

attached to the glue-like substance. In another embodiment, the magnetic cells are magnetically

attracted to the glue like substance. In yet another embodiment, the magnetic cells, when

positioned within the pericardial space surrounding the heart at or near the myocardial infarct

border zone, may reproduce to form a tissue, said tissue providing structural support at the

myocardial infarct border zone.

According to at least one embodiment of a system for facilitating myocardial infarct

border zone reinforcement, the system comprises an engagement catheter having a proximal end,

a distal end, and a lumen positioned therethrough, a delivery catheter having a proximal end, a

distal end, and a lumen positioned therethrough, the delivery catheter positioned at least partially

within the lumen of the engagement catheter, and at least one suction/infusion catheter

positioned at least partially within the lumen of the delivery catheter, the at least one

suction/infusion catheter comprising one or more apertures defined along a portion of the at least

one suction/infusion catheter at or near a distal end of the at least one suctioa/infusion catheter,

and a memory comprising a first configuration when the at least one suction/infusion catheter is

at least partially extended from a delivery catheter, wherein the at least one suction/infusion

catheter, when introduced into a pericardial space surrounding a heart at or near a myocardial

infarct border zone, is operable to inject a glue-like substance through a lumen of the at least one

suction/infusion catheter and out from the one or more apertures to deliver the glue-like

substance into the pericardial space at or near the myocardial infarct border zone. In another

embodiment, the at least one suction/infusion catheter is further operable to inject magnetic cells

through the lumen of the at least one suction/infusion catheter and out from the one or more

apertures to deliver the magnetic cells into the pericardial space at or near the myocardial infarct

border zone, wherein the magnetic cells are attracted to the glue-like substance, and wherein the

magnetic cells provide structural support to the myocardial infarct border zone. In yet another

embodiment, the first configuration of the memory comprises a coiled configuration. In an

additional embodiment, the coiled configuration comprises a racquet shape. In yet an additional



embodiment, the memory further comprises a second configuration, wherein the first

configuration comprises a coiled configuration, and wherein the second configuration comprises

an uncoiled configuration.

According to at least one embodiment of a system for facilitating myocardial infarct

border zone reinforcement, the at least one suction/infusion catheter further comprises a guide

wire positioned at the distal end of the at least one suction/infusion catheter, wherein the guide

wire facilitates introduction of the at least one suction/infusion catheter into the pericardial

space. In another embodiment, the system further comprises an occluder positioned within a

lumen of the at least one suction/infusion catheter. In yet another embodiment, the occluder

may partially or completely block one or more apertures of the at least one suction/infusion

catheter. In an additional embodiment, the system further comprises a support wire positioned

along at least part of a length of the at least one suction/infusion catheter. In yet an additional

embodiment, the support wire facilitates introduction of the at least one suction/catheter into the

pericardial space.

According to at least one embodiment of a system for facilitating myocardial infarct

border zone reinforcement, the support wire is used to define the memory' comprising the first

configuration. In another embodiment, the support wire provides rigidity to the at least one

suction/infusion catheter. In yet another embodiment, the glue-like substance comprises a

biologic glue. In an additional embodiment, the biologic glue comprises liposomes containing

magnetic particles. In yet an additional embodiment, the liposomes comprise a peptide attached

to an outer surface of the liposomes.

According to at least one embodiment of a system for facilitating myocardial infarct

border zone reinforcement, the peptide comprises an arginine-glycine-apsartate peptide. In

another embodiment, the glue-like substance binds to the myocardial infarct border zone. In yet

another embodiment, the magnetic cells comprise biologic cells. In an additional embodiment,

the biologic cells comprise dermal fibroblasts. In yet an additional embodiment, the dermal

fibroblasts contain magnetic particles.

According to at least one embodiment of a system for facilitating myocardial infarct

border zone reinforcement, the magnetic cells are attracted to a peptide attached to the glue-like

substance. In another embodiment, (he magnetic cells are magnetically attracted to the glue like

substance. In yet another embodiment, the magnetic cells, when positioned within the

pericardial space surrounding the heart at or near the myocardial infarct border zone, may

reproduce to form a tissue, said tissue providing structural support at the myocardial infarct

border zone.

BRIEF DESCRIPTION OF THE DRAWINGS



Figure IA shows an embodiment of an engagement catheter and an embodiment of a

delivery catheter a ? disclosed herein;

Figure IB shows a percutaneous intravascular pericardial delivery using another

embodiment of an engagement catheter and another embodiment of a delivery catheter as

disclosed herein;

Figure 2A shows a percutaneous intravascular technique for accessing the pericardial

space through a right atrial wall or atrial appendage using the engagement and delivery catheters

shown in FIG. IA;

Figure 2B shows the embodiment of an engagement catheter shown in FlG. 2A;

Figure 2C shows another view of the distal end of the engagement catheter embodiment

shown in FIGS. 2A and 2B;

Figure 3A shows removal of an embodiment of a catheter as disclosed herein;

Figure 3B shows the resealing of a puncture according to an embodiment as disclosed

herein;

Figure 4A to 4C show a closure of a bole in the atrial wall using an embodiment as

disclosed herein;

Figure 4D shows another closure of a hole in cardiac tissue using another embodiment as

disclosed herein;

Figure 4E shows yet another closure of a hole in cardiac tissue using another

embodiment as disclosed herein;

Figure 4F shows still another closure of a hole in cardiac tissue using another

embodiment as disclosed herein;

Figure 5A shows an embodiment of an engagement catheter as disclosed herein;

Figure 58 shows a cross-sectional view of the proximal end of the engagement catheter

shown in FIG. 5A;

Figure SC shows a cross-sectional view of the distal end of the engagement catheter

shown in FIG. 5A;

Figure 5D shows the engagement catheter shown in FIG. 5A approaching a heart wall

from inside of the heart;

Figure 6A shows an embodiment of a delivery catheter as disclosed herein;

Figure 6B shows a close-up view of the needle shown in FIG. 6A;

Figure 6C shows a cross-sectional view of the needle shown in FIGS. 6A and 6B;

Figure 7 shows an embodiment of a delivery catheter as disclosed herein;

Figure 8 shows an embodiment of a steering wire system within a steering channel;

Figure 9A shows another embodiment of a steering wire system as disclosed herein, the

embodiment being deflected in one location;



Figure 9B shows the steering wire system shown in FIG. 9A, wherein the steering wire

system is deflected at two locations;

Figure 9C shows the steering wire system shown in FIGS. 9A and 9B in its original

position;

Figure 10 shows a portion of another embodiment of a steering wire system;

Figure 11 shows a eross-sectional view of another embodiment of a deliver)' catheter as

disclosed herein;

Figure 12A shows an embodiment of a system for closing a hole in cardiac tissue, as

disclosed herein;

Figure I2B shows another embodiment of a system for closing a hole in cardiac tissue,

as disclosed herein;

Figure I2C shows another embodiment of a system for closing a hole in cardiac tissue,

as disclosed herein;

Figure 13 shows another embodiment of a system for closing a hole in cardiac tissue, as

disclosed herein;

Figure 14 shows another embodiment of a system for closing a hole in cardiac tissue, as

disclosed herein;

Figure 15A shows another embodiment of a system for closing a hole in cardiac tissue,

as disclosed herein;

Figure 15B shows the embodiment of FlG. 15A approaching cardiac tissue;

Figure 15C shows the embodiment of FIGS. 15A-15C deployed on the cardiac tissue;

Figure 16A shows an embodiment of a portion of an apparatus for engaging a tissue

having a skirt positioned substantially within a sleeve, as disclosed herein;

Figure 16B shows another embodiment of a portion of an apparatus for engaging a

tissue, as disclosed herein;

Figure 16C shows an embodiment of a portion of an apparatus for engaging a tissue

having a skirt positioned substantially outside of a sleeve, as disclosed herein:

Figure 17A shows an embodiment of a portion of an apparatus for engaging tissue that

has engaged a tissue, as disclosed herein;

Figure 17B shows an embodiment of a portion of an apparatus for engaging a tissue

having an expanded skirt that has engaged a tissue, as disclosed herein;

Figure 18A shows an embodiment of a portion of an apparatus for engaging a tissue

having a collapsed skirt present within a sleeve, as disclosed herein;

Figure I8B shows an embodiment of a portion of an apparatus for engaging a tissue

having an expanded skirt, as disclosed herein;

Figure 19 shows an embodiment of a system for engaging a tissue, as disclosed herein;



Figure 2OA shows an embodiment of a portion of an apparatus for engaging a tissue

having a lead positioned therethrough, as disclosed herein;

Figure 2OB sho W an embodiment of a portion of an apparatus for engaging a tissue

showing a needle, as disclosed herein;

Figure 2OC shows the embodiment of FIG. 2OB having a lead positioned therethrough;

Figure 21A shows an embodiment of a portion of an apparatus for removing fluid from a

tissue, as disclosed herein;

Figure 21B shows an embodiment of a portion of an apparatus comprising grooves for

removing fluid from a tissue, as disclosed herein;

Figure 22 .shows an embodiment of a portion of an apparatus for removing fluid from a

tissue inserted within a heart, as disclosed herein;

Figure 23A shows a side view of an embodiment of a catheter system as disclosed

herein;

Figure 23B shows a side view of an embodiment of a catheter system as disclosed herein

having a partially extended suction/infusion catheter;

Figure 24 shows an embodiment o f a suction/infusion catheter as disclosed herein

positioned within a heart;

Figure 25A shows a side view of an embodiment of a multiple suction/inftision catheter

apparatus as disclosed herein;

Figure 25B shows a side view of an embodiment of a multiple suction/infusion catheter

apparatus as disclosed herein with a partially extended suction/in&sion catheter;

Figure 25C shows a side view of an embodiment of a multiple suction/infusion catheter

apparatus as disclosed herein with two partially extended suction/infusion catheters;

Figure 26 shows an embodiment of a multiple suction/infiision catheter apparatus as

disclosed herein positioned within a heart;

Figure 27A shows a side view of an embodiment of a suction/intitsion catheter as

disclosed herein having an occluder positioned partially therethrough;

Figure 27B shows an end view of an embodiment of a suction/infusion catheter as

disclosed herein having an occluder positioned partially therethrough;

Figure 28A shows an embodiment of a suction/infusion catheter as disclosed herein

operable to deliver a glue-like substance to a target site; and

Figure 28B shows an embodiment of a suction/infusion catheter as disclosed herein

operable to deliver magnetic cells to a target site.

DETAILED DESCRIPTION



It will be appreciated b those of skill in the art that the following detailed description of

the disclosed embodiments is merely exemplary in nature and is not intended to limit the .scope

of the appended claims.

The disclosed embodiments include devices, systems, and methods useful for accessing

various tissues of the heart from inside the heart and for infarct healing and reinforcement of a

border zone. For example, various embodiments provide for percutaneous, intravascular access

into the pericardial space through an atrial wall or the wall of an atrial appendage. n 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.

The disclosure of the present application also provides devices, systems, and methods to

improve healing of tissue scar, including, but not limited to, a myocardial infarct, and to

mechanically reinforce the border zone between viable and scar tissue to prevent dilation and

failure of organ (specifically heart failure). In at least one embodiment, the devices, systems,

and methods of the present disclosure are operable to utilize the VAC (vacuum-assisted closure)

based on the principle of applying sub-atmospheric pressure by controlled suction to facilitate

the myocardial tissue healing after acute myocardial infarction and its border zone in patients

with severe compromised left ventricular function.

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 pericardium. 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).

Access to the pericardial space may be used for identification of diagnostic markers in

the pericardial fiuid; for pericardiocentesis; and for administration of therapeutic factors with

angiogenic, myogenic, and antiarrhythmic potential. In addition, as explained in more detail

below, epicardial pacing leads may be delivered via the pericardial space, and an ablation

catheter may be used on the epicardial tissue from the pericardial space.

In the embodiment of the catheter system shown in FIG. IA, 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. IA 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.



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 degradable adhesive. As is shown in FIGS. 2B and 2C, injection channel 70 is

ring-shaped, which tends to provide relatively even dispersal of the infused substance over the

targeted tissue, but other shapes of injection channels may be suitable. A syringe 80 is attached

to injection channel 70 for deliver)' 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

contacting 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 specific

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.

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).

Referring now to FIG. JB an engagement catheter 100 is placed via standard approach

into the jugular or femoral vein. The catheter, which may be 4 or 5 Fr., is positioned under

fluoroscopic or echocardiøgraphic 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 pressure 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. I A 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 transeptal

access where puncture of arterial structures (e.g., the aorta) can be diagnosed and sealed with an

adhesive, as described in more detail below.



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.

Referring now to FlG. 3A, the catheter system shown in FIG. IB 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 FΪG. 3A) may be sealed upon withdrawal of the catheter,

which prevents bleeding into the pericardial space. The retrieval of the catheter may be

combined with a sealing of the tissue in one of several ways: (1) release of a tissue adhesive or

polymer 75 via injection channel 70 to seal of the puncture hole, as shown in FIG. 3B; (2)

release of an inner clip or mechanical stitch to close oiTthe hole from the inside of the cavity or

the heart, as discussed herein; or (3) mechanical closure of the heart with a sandwich lype

mechanical device that approaches lhe 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 the atrium 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.

Other examples for sealing the puncture wound in the atrial wall or appendage are shown

in FIGS, 4A-4F. Referring now to FΪGS. 4A-4C, a sandwich-type closure member, 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 to an expanded configuration once it is outside of the

catheter. As shown in FlG. 4A, external cover 610 is deployed (in its expanded configuration)

on the outside of the atrial wall to seal a puncture wound in the targeted tissue, having already

been delivered through the puncture wound into the pericardial space. Internal cover 620 is

delivered through engagement catheter 600 (in its folded configuration), as shown in FIGS. 4A

and 4B, by an elongated delivery wire 615, to which internal cover 620 is reversibly attached

(for example, by a screw-like mechanism). 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 FlG. 4C).

Internal cover 620 and external cover 610 may be made from a number of materials,

including a shape-memory alloy such as nitinol. Such embodiments are capable of existing in a



catheter in a folded configuration and then expanding to an expanded configuration when

deployed into the body. Such a change in configuration can result from a change in temperature,

for example. Other embodiments of internal and external covers may be made from other

biocompatible materials and deployed mechanically.

After internal cover 620 is deployed, engagement catheter 600 releases! its grip on the

targeted tissue and is withdrawn, leaving the sandwich-type closure to seal the puncture wound,

as shown in FlG. 4C. External cover 610 and internal cover 620 may be held in place using a

biocompatible adhesive. Similarly, external cover 610 and internal cover 620 may be held in

place using magnetic forces, such as, for example, by the inside face (not shown) of external

cover 610 comprising a magnet, by the inside face (not shown) of internal cover 620 comprising

a magnet, or both inside faces of external cover 610 or internal cover 620 comprising magnets.

In the embodiment shown in FiGS. 4A. 4B, and 4C, the closure member comprises

external cover 610 and internal cover 620. However, in at least certain olher embodiments, the

closure member need not have two covers. For example, as shown in FlG. 4D, closure member

632 is made of only one cover 634. Cover 634 has a first face 636 and a second face 638. and

first face 636 is configured for reversible attachment to distal end 642 of delivery wire 640.

Closure member 632 may be made of any suitable material, including nitinol, which is capable

of transitioning from a folded configuration to an expanded configuration.

In the embodiment shown in FIG. 4E, a closure member 1500 comprises an external

cover 1510 and an internal cover 1520 within a delivery catheter 1530. External cover 1510 and

internal cover 1520 are attached at a joint 1540, which may be formed, for example, by a

mechanical attachment or by a magnetic attachment. In embodiments having a magnetic

attachment, each of the external cover and the internal cover may have a ferromagnetic

component that is capable of magnetically engaging the other ferromagnetic component.

Delivery' catheter 1530 is shown after insertion through hole 1555 of atrial wall 1550.

Closure member 1500 may be advanced through delivery catheter 1530 to approach atrial wall

1550 by pushing rod 1560. Rod 1560 may be reversibly attached to internal cover 1520 so that

rod 1560 may be disconnected from internal cover 1520 after closure member 1500 is properly

deployed. For example, rod 1560 may engage internal cover 1520 with a screw-like tip such

that rod 1560 may be easily unscrewed from closure member 1500 after deployment is

complete. Alternatively, rod 1560 may simply engage internal cover 1520 such thai internal

cover 1520 may be pushed along the inside of delivery catheter 1530 without attachment

between internal cover 1520 and rod 1560.

Closure member 1500 is advanced through delivery catheter 1530 until external cover

1510 reaches a portion of delivery catheter 1530 adjacent to atrial wall 1550; external cover

1510 is then pushed slowly out of delivery catheter 1530 into the pericardial space. External



cover 1510 then expands and is positioned on the outer surface of atrial wall 1550. When

external cover 1510 is properly positioned on atrial wall 1550, joint 1540 is approximately even

with atrial wall 1550 wilhin hole 1555. Delivery catheter 1530 is then withdrawn slowly,

causing hole 1555 to close slightly around joint 1540. As delivery catheter 1530 continues to be

withdrawn, interna! cover 1520 deploys from delivery catheter 1530, thereby opening into its

expanded formation. Consequently, atrial wall 1550 is pinched between internal cover 1520 and

external cover 1510, and hole 1S55 is closed to prevent leakage of blood from the heart.

FIG. 4F shows the occlusion of a hole (not shown) in atrial wall 1600 due to the

sandwiching of atrial wall 1600 between an external cover 1610 and an internal cover 1620.

External cover 1610 is shown deployed on the outside surface of atrial wall 1600, while delivery

catheter 1630 is deployed on the inside surface of atrial wall 1600. As shown, rod 1640 is

engaged with internal cover 1620, and delivery catheter 1650 is in (he process of being

withdrawn, which allows internal cover 1620 to fully deploy. Rod 1640 is then withdrawn

through delivery catheter 1630. An engagement catheter (not shown) may surround delivery

catheter 1650, as explained more fully herein.

Other examples for sealing a puncture wound in the cardiac tissue are shown in Figures

12-15. Referring now to MG. 12A, there is shown a plug 650 having a first end 652, a second

end 654, and a hole 656 extending from first end 652 to second end 654. Plug 650 may be made

from any suitable material, including casein, polyurethane, silicone, and polytetrafiuoroethylene.

Wire 660 has been slidably inserted into hole 656 of plug 650. Wire 660 may be, for example, a

guide wire or a pacing lead, so long as it extends through the hole in the cardiac tissue (not

shown). As shown in Figure 12A, first end 652 is covered with a radiopaque material, such as

barium sulfate, and is therefore radiopaque. This enables the clinician to view the placement of

the plug in the body using radiographic imaging. For example, the clinician can confirm the

location of the plug during the procedure, enabling a safer and more effective procedure for the

patient.

As shown in FlG. 12A> first end 652 of plug 650 has a smaller diameter than second end

654 of plug 650. Indeed, plug 680 shown Figure 12B and plug 684 shown in FIGS. 13 and 14

have first ends that are smaller in diameter than their respective second ends. However, not all

embodiments of plug have a first end that is smaller in diameter than the second end. For

example, plug 682 shown in FIG. 12C has a first end with a diameter that is not smaller than the

diameter of the second end. Both types of plug can be used to close holes in cardiac tissue.

Referring again to FIG. 12A, elongated shaft 670 has a proximal end (not shown), a

distal end 672, and a lumen 674 extending from the proximal end to distal end 672. Although

no catheter is shown in FlG. 12A, plug 650, wire 660, and shaft 670 are configured for insertion

into a lumen of a catheter (see FIG. 14), such as an embodiment of an engagement catheter



disclosed herein. Plug 650 and shaft 670 are also configured to be inserted over wire 660 and

can slide along wire 660 because each of lumen 656 of plug 650 and lumen 674 of shaft 670 is

slightly larger in circumference than wire 660.

As shown in FIGS. 13 and 14, shaft 672 is used to push plug 684 along wire 674 within

elongated tube 676 to and into the hole in the targeted cardiac tissue 678. Distal end 677 of

elongated tube 676 is shown attached to cardiac tissue 678, but distal end 677 need not be

attached to cardiac tissue 678 so long as distal end 677 is adjacent to cardiac tissue 678. Once

plug 684 is inserted into the hole, wire 674 may be withdrawn from the hole in plug 684 and the

interior of the heart (not shown) and shaft 672 is withdrawn from elongated tube 676. In some

embodiments, the plug is self-sealing, meaning that the hole of the plug closes after the wire is

withdrawn. For example, the plug may be made from a dehydrated protein matrix, such as

casein or ameroid, which swells after soaking up fluid. After shaft 672 is withdrawn, elongated

tube 676 can be withdrawn from the heart.

It should be noted that, in some embodiments, the wire is not withdrawn from the hole of

the plug. For example, where the wire is a pacing lead, the wire may be left within the plug so

that it operatively connects to the CRT device.

Referring now to FIG. 12B, there is shown a plug 680 that is similar to plug 684.

However, plug 680 comprises external surface 681 having a ridge 683 that surrounds plug 680

in a helical or screw-like shape. Ridge 683 helps to anchor plug 680 into the hole of the targeted

tissue (not shown). Other embodiments of plug may include an external surface having a

multiplicity of ridges surrounding the plug, for example, in a circular fashion.

FIGS. 15A-15C show yet another embodiment of a closure member for closing a hole in

a tissue. Spider clip 1700 is shown within catheter 1702 and comprises a head 1705 and a

plurality of arms 1710, 1720, 1730, and 1740. Each of arms 1730, 1720, 1730, and 1740 is

attached at its proximal end to head 1705. Although spider clip 1700 has four arms, other

embodiments of spider clip include fewer than, or more than, four arms. For example, some

embodiments of spider clip have three arms, while others have five or more arms.

Referring again to FIGS. 15A-15C, arms 1710, 1720, 1730, and 1740 may be made from

any flexible biocompatible metal that can transition between two shapes, such as a shape-

memory alloy (e.g., nitinol) or stainless steel. Spider clip 1700 is capable of transitioning

between an open position (see FIG. 15A), in which the distal ends of its arms 1710, 1720, 1730,

and 1740 are spaced apart, and a closed position (see FIG. 15C), in which the distal ends of arms

1710, 1720, 1730, and 1740 are gathered together. For embodiments made from a shape-

memory alloy, the clip can be configured to transition from the open position to the closed

position when the metal is warmed to approximately body temperature, such as when the clip is

placed into the cardiac tissue. For embodiments made from other types of metal, such as



stainless steel, the clip is configured in its closed position, but may be transitioned into an open

position when pressure is exerted on the head of the clip. Such pressure causes the arms to

bulge outward, thereby causing the distal ends of the arms to separate.

In this way, spider clip 1700 may be used to seal a wound or hole in a tissue, such as a

hole through the atrial wall. For example, FlG. 15B shows spider clip 1700 engaged by rod

1750 within engagement catheter 1760. As shown, engagement catheter 1760 has a bell-shaped

suction port 1765, which, as disclosed herein, has aspirated cardiac tissue 1770. Cardiac tissue

1770 includes a hole 1775 therethrough, and suction port 1765 fits over hole 1775 so as to

expose hole 1775 to spider clip 1700.

Rod 1750 pushes spider clip 1700 through engagement catheter 1760 to advance spider

clip 1700 toward cardiac tissue 1770. Rod 1750 simply engages head 1705 by pushing against

it, but in other embodiments, the rod may be reversibly attached to the head using a screw-type

system. In such embodiments, the rod may be attached and detached from the head simply by

screwing the rod into, or unscrewing the rod out of, the head, respectively.

In at least some embodiments, the spider clip is held in its open position during

advancement through the engagement catheter by the pressure exerted on the head of the clip by

the rod. This pressure may be opposed by the biasing of the legs against the engagement

catheter during advancement.

Referring to FIG. 15C, spider clip 1700 approaches cardiac tissue 1770 and eventually

engages cardiac tissue 1770 such that the distal end of each of arms 171 0, 1720, 1730, and 1740

contacts cardiac tissue 1670. Rod 1750 is disengaged from spider clip 1700, and spider clip

1700 transitions to its closed position, thereby drawing the distal ends of arms 1710, 1720, 1730,

and 1740 together. As the distal ends of the arms are drawn together, the distal ends grip

portions of cardiac tissue 1770, thereby collapsing the tissue between arms 1710, 1720, 1730,

and 1740 such that hole 1775 is effectively closed.

Rod 1750 is then withdrawn, and engagement catheter 1760 is disengaged from cardiac

tissue 1770. The constriction of cardiac tissue 1770 holds hole 1775 closed so that blood does

not leak through hole 1775 after engagement catheter 1760 is removed. After a relatively short

time, the body's natural healing processes permanently close hole 1775. Spider clip 1700 may

remain in the body indefinitely.

FIGS. 16A, 16B, and 16C show an embodiment of a portion of an apparatus for

engaging a tissue as disclosed herein. As shown in FCG. 16A, a sleeve 1800 is present around at

least a portion of an engagement catheter 1810. Sleeve 1800, as described herein, may comprise

a rigid or flexible tube having a lumen therethrough, appearing around the outside of

engagement catheter 1810 and slidingly engaging engagement catheter 1810. In at least the

embodiment shown in FIG, 16A, the distal end 1820 of engagement catheter 1810 comprises a



skirt 1830, shown in FIG. 16A as being housed within sleeve 1800. A delivery catheter 1840

may be present within engagement catheter 1810 as shown to facilitate the delivery of a product

(gas, liquid, and/or particolate(s)) to a target site. In this embodiment, delivery catheter 1840 is

present at least partially within the lumen of engagement catheter 1810, and engagement catheter

is placed at least partially within the lumen of sleeve 1800.

Referring now to FlG. I6B, an embodiment of an apparatus as shown in FlG. 16A or

similar to the embodiment shown in FlG. 16A is shown with sleeve 1800 being "pulled back"

from the distal end of engagement catheter 1810. As shown in FIG. 16B, as sleeve 1800 is

pulled back (in the direction of the arrow), skirt 1830 becomes exposed, and as sleeve 1800 is no

longer present around skirt 1830, skirt 1830 may optionally expand into a frusto-conical ("bell-

shaped") skirt 1830. Skirt 1830 may be reversibly deformed (collapsed) when present within the

lumen of sleeve 1800 as shown in FIG. 16A and in FIG. 18A described in ftirther detail herein.

It can be appreciated that many alternative configurations of skirt 1830 to the frusto-conical

configuration may exist, including an irregular frusto-conical configuration, noting that a

configuration of skirt 1830 having a distal portion (closest to a tissue to be engaged) larger than

a proximal position may benefit from suction of a larger surface area of a tissue as described in

further detail herein.

FIG. 16C shows an embodiment of an apparatus described herein having an expanded

skirt 1830. As shown in FIG. 16C, sleeve 1800 has been pulled back (in the direction of the

arrow) so that the expanded configuration of skirt 1830 may be present to engage a tissue (not

shown).

FIGS. 17A and 17B shown alternative embodiments of a portion of an apparatus for

engaging a tissue as described herein. FIGS. 17A and 17B each show a sleeve 1800, an

engagement catheter 1810 having a skirt 1830, and a delivery catheter 1840. In each figure,

skirt 1830 is shown engaging a surface of a tissue 1850. In the embodiments shown in FIGS.

17A and 17B, the relative sizes of the sleeves 1800, engagement catheters 1810, and delivery

catheters 1840 are similar as shown, but the relative sizes of the skirts 1830 of the engagement

catheters 1810 are clearly different. The exemplary embodiment of the portion of an apparatus

for engaging a tissue shown in FIG. I7A comprises a skirt 1830 of the same or substantially

similar relative size as the engagement catheter 1810, meaning that the diameters of the

engagement catheter 1810 and the skirt 1830 shown in FlG. 17A are approximately the same.

Conversely, the exemplary embodiment of the portion of an apparatus for engaging a tissue

shown in FlG. 17B comprises a skirt 1830 notably larger than the engagement catheter 1810,

meaning that the diameters of the engagement catheter 1810 and the skirt 1830 at its widest

point shown In FIG. 17B are notably different. As shown in FIG. 17B, as skirt 1830 extends

from engagement catheter 1810 to tissue 1850, the diameter of skirt 1830 increases. As such,



skirt 1830 of the embodiment shown in FIG. I7B may engage a larger surface area of a tissue

(shown by 1860) than the embodiment of the skirt 1830 shown in FIG. 17A. The ability to

engage a larger surface area of a tissue J850 by skirt 1830 allows a better reversible engagement

of a tissue 1850 when a vacuum is provided as described in detail herein. This improved suction

allows a person using such an apparatus to more effectively engage a tissue 1850 than would

otherwise be possible when skirt 1830 engages a smaller surface area of a tissue.

FIGS. 18A and 18B show perspective views of an embodiment of a portion of an

apparatus for engaging a tissue. FlG. 18A represents an embodiment whereby a skirt 1830 of an

engagement catheter 1810 is positioned substantially within a sleeve 1800. FΪG 18B represents

an embodiment whereby a skirt 1830 of an engagement catheter 1810 is positioned outside of s

1800. As such, the positioning of skirt 1830 within sleeve 1800 can be seen in the embodiments

of FIGS. 16A and 18A, and the positioning of skirt 1830 outside of sleeve 1800 can be seen in

the embodiments of FIGS. 16C and 18B.

As shown in FIG, 18A, skirt 1830 of engagement catheter 1810 is positioned within

sleeve 1800, whereby the configuration of skirt 1830 is collapsed so that skirt 1830 may fit

within sleeve 1800. As sleeve 1800 moves in the direction of the arrow shown in FIG. 18B,

skirt 1830 becomes exposed and its configuration is allowed to expand because there are no

constraints provided by the inner wall of sleeve 1800.

The embodiments shown in FIGS. 18A and 18B also show an exemplary embodiment of

a configuration of an engagement catheter 1810. As shown in FIG. 18B, engagement catheter

1810 defines a number of apertures (representing lumens) present at the distal end of

engagement catheter 1810 (at the proximal end of skirt 1830), including, but not limited to, one

or more vacuum ports 1870 (representing the aperture at or near the distal end of a vacuum

tube), and a delivery port 1880 (representing the aperture al or near the distal end of a delivery

tube). A vacuum source (not shown) may be coupled to a suction port located at a proximal end

of one or more vacuum tubes as described herein, whereby gas, fluid, and/or particulate(s) may

be introduced into one or more vacuum ports 1870 by the introduction of a vacuum at a vacuum

port. Gas, fluid, and/or particulate(s) may be introduced from delivery aperture 1880 to a tissue

(not shown in FIGS. ISA or 18B).

As shown by the exemplary embodiments of FIGS. 17A and 17B, the ability for a user of

such an apparatus for engaging a tissue to obtain proper suction depends at least in part on the

relative placement of skirt 1830 and delivery catheter 1840 at or near a tissue 1850. As

described in detail herein regarding the exemplary embodiment shown in FlG. 5D, if a vacuum

source provides suction through one or more vacuum ports 1870 (shown in FIGS. 18A and

18B), but skirt 1830 has not effectively engaged a tissue 1850, gas, fluid, and/or particulate(s) in

the area of tissue 1850 and/or gas, fluid and/or particulate(s) delivered via delivery catheter 1840



to the area of tissue 1850 may be aspirated by one or more vacuum ports 1870. In a situation

where skirt 1S30 has effectively engaged a tissue 1850 but where delivery catheier 1840 has not

engaged a tissue 1850, any gas, liquid, and/or particulate^) delivered by delivery catheter 1840

may be aspirated by one or more vacuum ports 1870. n a situation where skirt 1830 and

delivery catheter 1840 have effectively engaged a tissue 1850, most, if not all, of any gas, liquid,

and/or particulate^) delivered by delivery catheter 1840 to tissue 1850 would not be aspirated

by one or more vacuum ports 1870 as the placement of deliver)' catheter 1840 on or within

tissue 1850 would provide direct delivery at or within tissue 1850.

An exemplary embodiment of a system and/or device for engaging a tissue as described

herein is shown in FIG. 19. As shown in FlG. 19, an exemplary apparatus shows a sleeve 1800

which has been moved in the direction of the arrow to reveal skirt 1830 at the distal end of

engagement catheter 1810, allowing skirt to resume an expanded, frusto-conical configuration.

As shown in this embodiment, delivery catheter 1840 has been introduced at the proximal end of

the apparatus (in the direction shown by the dashed arrow), allowing delivery catheter 1840 to

exit out of a delivery lumen (not shown) at the distal end of engagement catheter 1840. A

needle 1890 may be present at the distal end of delivery catheter 1840, facilitating the potential

puncture of a tissue (not shown) to allow the distal end of delivery catheter 1840 to enter a

tissue.

In addition, and as shown in the exemplary embodiment of FlG. 19, a lead 1900 may be

introduced into deliver)' catheter 1840 (in the direction shown by the dashed arrow), whereby

the distal end of lead 1900 may exit an aperture of needle 1890 and optionally enter a tissue

and/or a lumen of a tissue. As described herein, any number of suitable types of leads 1900 may

be used with the delivery catheters described herein, including sensing leads and/or pacing leads.

A vacuum source 1910 may also provide a source of vacuum to such an apparatus to allow skirt

1830 to engage a tissue using suction.

The exemplary embodiment of an apparatus for engaging a tissue as shown in FIG. 19

comprises an engagement catheter 1810 having a curvature. Such a curved engagement catheter

1810 allows a user of such an apparatus, for example, to insert a portion of the apparatus into a

body or tissue from one direction, and engage a tissue with skirt 1830, delivery catheter 1840,

needle 1890, and/or lead 1900 from another direction. For example, a user may introduce a

portion of an apparatus from one side of the heart, and the apparatus may engage the heart from

a different direction than the direction of introduction of the apparatus.

It can also be appreciated that an exemplary embodiment of an apparatus of the present

disclosure may be used to engage an internal portion of an organ. As previously referenced

herein, such an apparatus may be used to engage the surface of a tissue. However, it can be

appreciated that such a tissue may be an outer surface of any number of tissues, including, but



not limited to, a heart, lungs, intestine, stomach, or any number of other organs or tissues. It can

also be appreciated that some of these types of organs or tissues, including the heart for

example, may have one or more internal tissue surfaces capable of being engaged by an

apparatus of the present disclosure. For example, a user of such an apparatus may use the

apparatus to engage the septum of the heart dividing one side of the heart from another. Such

use may facilitate the delivery of a gas, liquid, and/or particulate(s) to a particular side of the

heart, as such a targeted delivery may provide beneficial effects, including, but not limited to,

the ability to deliver a lead to pace the inner wall of the left side of the heart.

Referring now to FIGS. 2OA, 2OB, and 2OC, embodiments of a portion of an apparatus

for engaging a tissue according to the present disclosure are shown. As shown in FIG. 20A, an

exemplary embodiment of a portion of an apparatus for engaging a tissue comprises sleeve 1800

slidingly engaging engagement catheter 1810, and when sleeve 1800 is slid in the direction of

the arrow shown, skirt 1830 is revealed, having an expanded, optionally frusto-conical

configuration as shown. Delivery' catheter 1840 may exit out of a delivery lumen (not shown),

with needle 1890 present at the distal end of delivery catheter 1840. As shown in the

embodiment of FIG. 2OA, lead 1900 is present, exiting out of an aperture of needle 1890.

FIGS. 20B and 2OC show a closer view of an embodiment of a portion of an apparatus

for engaging a tissue according to the present disclosure than is shown in FIG. 2OA. As shown

in FIGS. 20B and 2OC, aperture 1920 of needle 1890 is shown, and as shown in PIG. 2OC, lead

1900 may exit aperture 1920 of needle 1890.

Referring now to FIGS. 5A, 5B, SC, and 5D, there is shown another embodiment of an

engagement catheter as disclosed herein. Engagement 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.



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 walls. These

lumen supports divide lumen 730 into two suction 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.

Fig. 5D shows engagement catheter 700 approaching 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 position, the

suction can be activated through lumen 730. A certain level of suction (e.g., 10 mmllg) can be

imposed and measured with a pressure sensor/regulator. As long as catheter 700 does not

engage the wall, some blood will be aspirated 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 gradually increase. Bach of these signs can alert the clinician (through alarm or other means)

as an indication of engagement. The pressure regulator is then able to maintain the suction

pressure at a preset value to prevent over-suction of the tissue.

An engagement catheter, such as engagement catheter 700, may be configured to deliver

a fluid or other substance 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 FlG. 5D, injection channel 790 is the distal end of

lumen 740. However, in other embodiments, the injection channel may be ring-shaped (see

FlG. 2C) or have some other suitable configuration.

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.

Referring now to FIGS. 6A, 6B, and 6C, there is shown a delivery catheter 850

comprising an elongated hollow tube 880 having a proximal end 860, a distal end 870. and 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 embodiments, the needle may be removably

attached to, or otherwise located at, the distal end of the catheter (see FIG. IA). 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 security 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 notch

910, 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.

It is useful for the clinician performing the procedure 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.

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 (issue (not shown), needle 890 will

be deformed. The deformation will be transmitted 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 puncture of the wall can prevent over-puncture and can

provide additional control of the procedure.

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 SD, 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 engagement 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, the wire is pulled back, and the

needle is pushed forward to perforate lhe 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.

Referring again to FIGS. 6A, 6B, and 6C, lumen 885 of delivery catheter 850 may be

used for delivering fluid into the pericardia! 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 maintain 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 catheter 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.

In some embodiments, however, only a single delivery catheter is used. In such

embodiments, the needle is not attached to the delivery catheter, but instead may be a needle

wire (see FIG. IA). In such embodiments, the needle is withdrawn 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.

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 stimulation; (3) to



evacuate fluids acutely (e.g., in cases of pericardial tamponade) or chronically (e.g., to alleviate

effusion caused by chronic renal disease, cancer, etc.); (4) to perform transeplal 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 ablation, 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 (as discussed herein); (8) to occlude the left atrial appendage through percutaneous

approach; and (9) to visualize the pericardial space with endo-camera or scope to navigate the

epicardial surface of the heart for therapeutic delivery, diagnosis, lead placement, mapping, etc.

Many other applications, not explicitly listed here, are also possible and within the scope of the

present disclosure.

Referring now to Figure 7, there is shown a delivery catheter 1000. Delivery catheter

1000 includes an elongated tube 1010 having a wall 1020 extending from a proximal end (not

shown) of tube 1010 to a distal end 1025 of tube 1010. Tube 1010 includes two lumens, but

other embodiments of delivery catheters may have fewer than, or more than, two lumens,

depending on the intended use of the delivery catheter. Tube 1010 also includes a steering

channel 1030, in which a portion of steering wire system 1040 is located. Steering channel 1030

forms orifice 1044 at distal end 1025 of tube 1010 and is sized to fit over a guide wire 1050.

Figure 8 shows in more detail steering wire system 1040 within steering channel 1030

(which is shown cut away from the remainder of the delivery catheter). Steering wire system

1040 is partially located in steering channel 1030 and comprises two steering wires 1060 and

1070 and a controller 1080, which, in the embodiment shown in Figure 8, comprises a first

handle 1090 and a second handle 1094. First handle 1090 is attached to proximal end 1064 of

steering wire 1060, and second handle 1094 is attached to proximal end 1074 of steering wire

1070. Distal end 1066 of steering wire 1060 is attached to the wall of the tube of the delivery

catheter within steering channel 1030 at attachment 1100, and distal end 1076 of steering wire

1070 is attached to the wall of the tube of the delivery catheter within steering channel 1030 at

attachment 1110. As shown in Figure 7, attachment 1100 and attachment 1110 are located on

opposing sides of steering channel 1030 near distal tip 1120 of delivery catheter 1000.

In the embodiment of Figure 8 steering wires 1060 and 1070 are threaded as a group

through steering channel 1030. However, the steering wire systems of other embodiments may

include steering wires that are individually threaded through smaller lumens within the steering

channel. For example. Figure 11 shows a cross-sectional view of a delivery catheter 1260

having an elongated tube 1264 comprising a wall 1266, a steering channel 1290, a first lumen

1270, and a second lumen 1280. Delivery catheter 1260 further includes a steering wire 1292



within a steering wire lumen 1293, a steering wire 1294 within a steering wire lumen 1295, and

a steering wire 1296 within a steering wire lumen 1297. Each of steering wire lumens 1293,

1295, and 1297 is located within steering channel 1290 and is formed from wall 1266. Each of

steering wires 1292, 1294, and 1296 is attached to wall 1266 within steering channel 1290. As

will be explained, the attachment of each steering wire to the wall may be located near the distal

tip of the delivery catheter, or may be located closer to the middle of the delivery catheter.

Referring now to Figures 7 and 8, steering wire system 1040 can be used to control distal

tip 1120 of delivery catheter 1000. For example, when first handle 1090 is pulled, steering wire

1060 pulls distal tip 1120, which bends delivery catheter 1000, causing tip deflection in a first

direction. Similarly, when second handle 1094 is pulled, steering wire 1070 pulls distal tip 1120

in the opposite direction, which bends delivery catheter 1000, causing tip deflection in the

opposite direction. Thus, delivery catheter 1000 can be directed (i.e., steered) through the body

using steering wire system 1040.

Although steering wire system 1040 has only two steering wires, other embodiments of

steering wire systems may have more than two steering wires. For example, some embodiments

of steering wire systems may have three steering wires (see Figure 11), each of which is attached

to the steering channel at a different attachment. Other embodiments of steering wire systems

may have tour steering wires. Generally, more steering wires give the clinician more control for

directing the delivery catheter because each additional steering wire enables the user to deflect

the tip of the delivery catheter in an additional direction. For example, four steering wires could

be used to direct the delivery catheter in four different directions (e.g., up, down, right, and left).

If a steering wire system includes more than two steering wires, the delivery' catheter

may be deflected at different points in the same direction. For instance, a delivery catheter with

three steering wires may include two steering wires for deflection in a certain direction and a

third steering wire for reverse deflection (i.e., deflection in the opposite direction). In such an

embodiment, the two steering wires for deflection are attached at different locations along the

length of the delivery catheter. Referring now to Figures 9A-9C, there is shown a steering wire

system 1350 within steering channel 1360 (which is shown cut away from the remainder of the

delivery catheter) in different states of deflection. Steering wire system 1350 is partially located

in steering channel 1360 and com pr iseS three steering wires 1370. 1380, and 1390 and a

controller 1400, which, in the embodiment shown in Figures 9A-9C, comprises a handle 1410.

Handle 1410 is attached to proximal end 1374 of steering wire 1370, proximal end 1384 of

steering wire 1380, and proximal end 1394 of steering wire 1390. Distal end 1376 of steering

wire 1370 is attached to the wall of the tube of the delivery catheter within steering channel

1360 at attachment 1378, which is near the distal tip of the delivery catheter (not shown). Distal

end 1386 of steering wire 1380 is attached to the wall of the tube of the delivery catheter within



steering channel 1360 at attachment 1388, which is near the distal tip of the deliver)' catheter

(not shown). Attachment 1378 and attachment 1388 are located on opposing sides of steering

channel 1360 such that steering wires 1370 and 1380, when tightened (as explained below),

would tend to deflect the delivery catheter in opposite directions. Distal end 1396 of steering

wire 1390 is attached to the wall of the tube of the delivery catheter within steering channel

1360 at attachment 1398, which is located on the delivery catheter at a point closer to the

proximal end of the delivery catheter than attachments 1378 and 1388. Attachment 1398 is

located on the same side of steering channel 1360 as attachment 1388, such that steering wires

1380 and 1390, when tightened (as explained below), would tend to deflect the delivery catheter

in the same direction. However, because attachment 1398 is closer to the proximal end of the

delivery catheter than is attachment 1388, the tightening of steering wire 1390 tends to deflect

the delivery catheter at a point closer to the proximal end of the delivery catheter than does the

tightening of steering wire 1380. Thus, as shown in Figure 9A, the tightening of steering wire

1390 causes a deflection in the delivery catheter approximately at point 1410. The tightening of

steering wire 1380 at the same time ca ses a farther deflection in the deliver)' catheter

approximately at point 1420, as shown in Figure 9B. The tightening of steering wire 1370,

therefore, causes a reverse deflection, returning the delivery catheter to ils original position (see

Figure 9C).

Referring again to Figure 7, elongated tube 1010 further includes lumen 1130 and lumen

1140. Lumen 1130 extends from approximately the proximal end (not shown) of tube 1010 to

or near distal end 1025 of tube 1010. Lumen 1130 has a bend 1134, relative to tube 1010, at or

near distal end 1025 of tube 1010 and an outlet 1136 through wall 1020 of tube 1010 at or near

distal end 1025 of tube 1010. Similarly, lumen 1140 has a bend 1144, relative to tube 1010, at

or near distal end 1025 of tube 1010 and an outlet 1146 through wall 1020 of tube 1010 at or

near distal end 1025 of tube 1010. In the embodiment shown in Figure 7, lumen 1130 is

configured as a laser Doppler tip, and lumen 1140 is sized to accept a retractable sensing lead

1150 and a pacing lead 1160 having a tip at the distal end of the lead. The fiberoptic laser

Doppler tip detects and measures blood flow (by measuring the change in wavelength of light

emitted by the tip), which helps the clinician to identify - and then avoid - blood vessels during

lead placement. Sensing lead 1150 is designed to detect electrical signals in the heart tissue so

that the clinician can avoid placing a pacing lead into electrically nonresponsive tissue, such as

scar tissue. Pacing lead 1160 is a screw-type lead for placement onto the cardiac tissue, and its

tip, which is an electrode, has a substantially screw-like shape. Pacing lead 1160 is capable of

operative attachment to a CRT device (not shown) for heart pacing. Although lead 1160 is used

for cardiac pacing, any suitable types of leads may be used with the delivery catheters described

herein, including sensing leads.



Each of bend 1134 of lumen 1130 and bend 1144 of lumen 1140 forms an approximately

90-degree angle, which allows respective outlets 1136 and 1146 to face the external surface of

the heart as the catheter is maneuvered in the pericardial space. However, other embodiments

may have bends forming other angles, smaller or larger than 90-degrees, so long as the lumen

provides proper access to the external surface of the heart from the pericardial space. Such

angles may range, for example, from about 25-degrees to about 155-degrees. In addition to

delivering leads and Doppler tips, lumen 1130 and lumen 1140 may be configured to allow, for

example, the taking of a cardiac biopsy, the delivery of gene cell treatment or pharmacological

agents, the delivery of biological glue for ventricular reinforcement, implementation of

ventricular epicardial suction in the acute myocardial infarction and border zone area, the

removal of fluid in treatment of pericardial effusion or cardiac tamponade, or the ablation of

cardiac tissue in treatment of atrial fibrillation.

For example, lumen 1130 could be used to deliver a catheter needle for intramyocardial

injection of gene cells, stems, biomaterials, growth factors (such as cytokinase, fibroblast growth

factor, or vascular endothelial growth factor) and/or biodegradable synthetic polymers, RGD-

Hposome biologic glue, or any other suitable drug or substance for treatment or diagnosis. For

example, suitable biodegradable synthetic polymer may include polylactides, polygiycolides,

polycaprolactones, poiyanhydrides, polyamides, and polyurethanes. In certain embodiments, the

substance comprises a tissue inhibitor, such as a metalloproteinase (e.g., metalloproteinase 1).

The injection of certain substances (such as biopolymers and RGD-liposome biologic

glue) is useful in the treatment of chronic heart failure to reinforce and strengthen t e left

ventricular wall. Thus, using the embodiments disclosed herein, the injection of such substances

into the cardiac tissue from the pericardial space alleviates the problems and risks associated

with delivery via the transthoracic approach. For instance, once the distal end of the delivery

catheter is advanced to the pericardial space, as disclosed herein, a needle is extended through a

lumen of the delivery catheter into the cardiac tissue and the substance is injected through the

needle into the cardiac tissue.

The delivery of substances into the cardiac tissue from the pericardial space can be

facilitated using a laser Doppler tip. For example, when treating ventricular wall thinning, the

laser Doppler lip located in lumen 1140 of the embodiment shown in FIG. 7 can be used to

measure the thickness of the left ventricular wall during the procedure (in real time) to determine

the appropriate target area for injection.

Referring again to Figure 8 although controller 1080 comprises first handle 1090 and

second handle 1094, other embodiments of the controller may include different configurations.

For example, instead of using handles, a controller may include any suitable torque system for

controlling the steering wires of the steering wire system. Referring now to Figure 10, there is



shown a portion of a steering wire system I l 70 having steering wire 1180, steering wire 1190,

and controller 1200. Controller 1200 comprises a torque system 1210 having a first rotatable

spool 1220, which is capable of collecting and dispensing steering wire 1180 upon rotation. For

example, when first rotatable spool 1220 rotates in a certain direction, steering wire 1180 is

collected onto spool 1220, thereby tightening steering wire 1180. When spool 1220 rotates in

the opposite direction, steering wire 1180 is dispensed from spool 1220, thereby loosening

steering wire 1180. Torque system 1210 also has a second rolatable spool 1230, which is

capable of collecting and dispensing steering wire 1 1 0 upon rotation, as described above.

Torque system 1210 further includes a first rotatable dial 1240 and a second rotatable

dial 1250. First rotatable dial 1240 is attached to first rolatable spool 1220 such that rotation of

first rotatable dial 1240 causes rotation of first rotatable spool 1220. Similarly, second rotatable

dial 1250 is attached to second rotatable spool 1230 such that rotation of second rotatable dial

1250 causes rotation of second rotatable spool 1230. For ease of manipulation of the catheter,

torque system 1210, and specifically first and second rotatable dials 1240 and 1250, may

optionally be positioned on a catheter handle (not shown) at the proximal end of tube 1010.

Steering wire system 1 170 can be used to direct a delivery catheter through the body in a

similar fashion as steering wire system 1140. Thus, for example, when first rotatable dial 1240

is rotated in a first direction (e.g., clockwise), steering wire 1180 is tightened and the delivery

catheter is deflected in a certain direction. When first rotatable dial 1240 is rotated in the other

direction (e.g., counterclockwise), steering wire 1180 is loosened and the delivery catheter

straightens to its original position. When second rotatable dial 1250 is rotated in one direction

(e.g., counterclockwise), steering wire 1190 is tightened and the deliver)' catheter is deflected in

a direction opposite of the first deflection. When second rotatable dial 1250 is rotated in the

other direction (e.g., clockwise), steering wire 1190 is loosened and the delivery' catheter is

straightened to its original position.

Certain other embodiments of steering wire system may comprise other types of torque

system, so long as the torque system permits the clinician to reliably tighten and loosen the

various steering wires. The magnitude of tightening and loosening of each steering wire should

be controllable by the torque system.

Referring again to Figure 11, there is shown a cross-sectional view of delivery' catheter

1260. Delivery catheter 1260 includes tube 1265, a first lumen 1270, a second lumen 1280, and

a steering channel 1290. Steering wires 1292, 1294, and 1296 are shown within steering

channel 1290. First lumen 1270 has outlet 1275, which can be used to deliver a micro-camera

system (not shown) or a laser Doppler tip 1278. Second lumen 1280 is sized to deliver a pacing

lead 1300, as well as a sensing lead (not shown).



Treatment of cardiac tamponade, by the removal of a pericardial effusion, may be

accomplished using an apparatus of the present disclosure as described below. A typical

procedure would involve the percutaneous intravascular insertion of a portion of an apparatus

into a body, which can be performed under local or general anesthesia. A portion of the

apparatus may then utilize an approach described herein or otherwise known by a user of the

apparatus to enter the percutaneous intravascular pericardial sac. It can be appreciated that such

an apparatus may be used to access other spaces within a body to remove fluid and/or deliver a

gas, liquid, and/or particulate(s) as described herein, and that such an apparatus is not limited to

heart access and removal of pericardial effusions.

Exemplary embodiments of a portion of such an apparatus are shown in FIGS. 2 1A and

2 IB. As shown in FIG. 2IA, a perforated drainage catheter 2100 is provided. Perforated

drainage catheter 2100 comprises a tube defining at least one suction/infusion aperture 2110, and

as shown in the embodiment in FIG. 21A, perforated drainage catheter 2100 defines multiple

suction/infusion apertures 2 110. Suction/infusion apertures 2 110 are operably connected to an

internal lumen defined within perforated delivery catheter 2100. It can be appreciated that the

portion of perforated drainage catheter 2 100 as shown in FIGS. 21A and 21B may be coupled to

one or more portions of a system for engaging a tissue as described herein. As such, one or

more portions of a system for engaging a tissue may be used to define a system for removing

fluid as described herein.

h can be appreciated that the internal lumen within perforated delivery catheter 2100

may define multiple internal channels. For example, perforated delivery catheter 2100 may

define two channels, one channel operably coupled to one or more suction/infusion apertures

2 110 to allow tor a vacuum source coupled to one end of the channel to provide suction via the

suction/infusion apertures 2 110, and one channel operably coupled to one or more other

suction/infusion channels to allow for the injection of gas, liquid, and/or particulate(s) to a target

site.

As described in further detail below, when perforated drainage catheter 2100 enters a

space in a body, for example a pericardial sac, perforated drainage catheter 2100 may be used to

remove fluid by the use of suction through one or more suction/infusion apertures 2 110.

Perforated drainage catheter 2 100 may also be used to deliver gas, liquid, and/or particulate(s) to

a target site through one or more suction/infusion apertures 2110.

Another exemplary embodiment of a portion of a perforated drainage catheter 2100 is

shown in FIG. 2 1B. As shown in FIG. 2IB, perforated drainage catheter 2100 comprises a tube

with multiple suction/infusion apertures 2 110. However, in this exemplar)' embodiment,

perforated drainage catheter 2100 comprises a number of concave grooves 2120 extending a

portion of a length of perforated drainage catheter 2100. whereby the suction/infusion apertures



2 1 IO are provided at the recessed portions therein. Concave grooves 2120, when positioned at

least partially around the circumference of perforated drainage catheter 2100, define one or more

ridges 2130 extending a portion of a length of perforated drainage catheter 2100. Said ridges

2130 of perforated drainage catheter 2100, when positioned at or near a tissue (not shown), aid

to prevent a tissue from coming in direct contact with one or more suction/infusion apertures

2110. For example, when perforated drainage catheter 2100 is used in a manner described

herein and when a vacuum is coupled to perforated drainage catheter 2100, suction from one or

more suction/infusion apertures 2 110 positioned within one or more concave grooves 2120

would allow for the removal of fluid present in the area o f perforated drainage catheter 2100.

Ridges 2130 would aid to prevent or minimize tissue adhesion and/or contact with the one or

more suction/infusion apertures 2 110.

A procedure using perforated drainage catheter 2100 may be performed by inserting

perforated drainage catheter 2100 into a pericardial sac, following the cardiac surface using, for

example, fluoroscopy and/or echodoppler visualization techniques. When perforated drainage

catheter 2100 is inserted into a pericardial sac, a pericardial effusion present within the

pericardial sac, may be removed by, for example, gentle suction using a syringe. In one

example, a 60 cc syringe may be used to remove the effusion with manual gentle suction. When

the effusion has been removed, the patients hemodynamic parameters may be monitored to

determine the effectiveness of the removal of the effusion. When the pericardial sac is empty,

determined by, for example, fluoroscopy or echodoppler visualization, the acute pericardial

effusion catheter may be removed, or it may be used for local treatment to introduce, for

example, an antibiotic, chemotherapy, or another drug as described below.

An exemplary embodiment of a portion of a perforated drainage catheter 2100 present

within a pericardial sac is shown in FIG. 22. As shown in FIG. 22, perforated drainage catheter

2100 is first inserted into the heart 2200 using one or more of the techniques and/or procedures

described herein, and is placed through the right atrial appendage 221O5 the visceral pericardium

2215, and into the pericardial sac 2220. The outer portion of the pericardial sac 2220 is defined

by the parietal pericardium 2230. A pericardial e t usion 2240 (fluid within the pericardial sac

2220) may then be removed using perforated drainage catheter 2100. When a vacuum source

(not shown) is coupled to the proximal end of a portion of a system for removing fluid

(comprising, in part, perforated drainage catheter 2100 and one or more other components of a

system for engaging a tissue as described herein), the introduction of a vacuum to perforated

drainage catheter 2100 allows the pericardial effusion 2240 (the fluid) to be withdrawn irom the

pericardial sa c 2220 into one or more suction/infusion apertures 2 110 defined along a length of

suction/infusion apertures 2 110.



When perforated drainage catheter 2100 is used to remove some or all of a pericardial

effusion (or other fluid present within a space within a body), it may also be used to deliver a

gas, liquid, and/or particulate(s) at or near the space where the fluid was removed. For example,

the use of perforated drainage catheter 2100 to remove a pericardial effusion may increase the

risk of infection. As such, perforated drainage catheter 2 100 may be used to rinse the pericardial

sac (or other space present within a body) with water and/or any number of beneficial solutions,

and may also be used to deliver one or more antibiotics to provide an effective systemic

antibiotic therapy for the patient. While the intrapericardial instillation of antibiotics (e.g.,

gentamycin) is useful, it is typically not sufficient by itself, and as such, it may be combined

with general antibiotics treatment for a more effective treatment.

Additional methods to treat neoplastic pericardial effusions without tamponade may be

utilized using a device, system and/or method of the present disclosure. For example, a systemic

antineoplastic treatment may be performed to introduce drugs to inhibit and/or prevent the

development of tumors. If a non-emergency condition exists (e.g., not a cardiac tamponade), a

system and/or method of the present disclosure may be used to perform a pericardiocentesis. In

addition, the present disclosure allows for the intrapericardial instillation of a

cytostatic/sclerosing agent. It can be appreciated that using one or more of the devices, systems

and/or methods disclosed herein, the prevention of recurrences may be achieved by

intrapericardial instillation of sclerosing agents, cytotoxic agents, or immunomodulators, noting

that the intrapericardial treatment may be tailored to the type of the tumor. Regarding chronic

autoreactive pericardial effusions, the intrapericardial instillation of crystalloid glucocorticoids

could avoid systemic side effects, while .still allowing high local dose application.

A pacing lead may be placed on the external surface of the heart using an engagement

catheter and a delivery catheter as disclosed herein. For example, an elongated tube of an

engagement catheter is extended into a blood vessel so that the distal end of the tube is in

contact with a targeted tissue on lhe interior of a wall of the heart. As explained above, the

targeted tissue may be on the interior of the atrial wall or the atrial appendage. Suction is

initiated to aspirate a portion of the targeted tissue to retract the cardiac wail away from the

pericardial sac that surrounds the heart, thereby enlarging a pericardial space between the

pericardial sac and the cardiac wall. A needle is then inserted through a lumen of the tube and

advanced to the heart. The needle is inserted into the targeted tissue, causing a perforation of the

targeted tissue. The distal end of a guide wire is inserted through the needle into the pericardial

space to secure the point of entry through the cardiac wall. The needle is then withdrawn from

the targeted tissue.

A delivery catheter, as described herein, is inserted into the lumen of the tube of the

engagement catheter and over the guide wire. The delivery catheter may be a 14 Fr. radiopaque



steering catheter. The distal end of the deliver)' catheter is advanced over the guide wire through

the targeted tissue into the pericardial space. Once in the pericardial space, the delivery catheter

is directed using a steering wire system as disclosed herein. In addition, a micro-camera system

may be extended through the lumen of the delivery catheter to assist in the direction of the

delivery catheter to the desired location in the pericardial space. Micro-camera systems suitable

for use with the delivery catheter are well-known in the art. Further, a laser Doppler system may

be extended through the lumen of the delivery catheter to assist in the direction of the delivery

catheter. The delivery catheter is positioned such that the outlet of one of the lumens of the

delivery catheter is adjacent to the external surface of the heart (e.g., the external .surface of an

atrium or a ventricle). A pacing lead is extended through the lumen of the delivery catheter onto

the external surface of the heart. The pacing lead may be attached to the external surface of the

heart, for example, by screwing the lead into the cardiac tissue. In addition, the pacing lead may

be placed deeper into the cardiac tissue, for example in the subendocardial tissue, by screwing

the lead further into the tissue. After the lead is placed in the proper position, the delivery

catheter is withdrawn from the pericardial space and the body. The guide wire is withdrawn

from the pericardial space and the body, and the engagement catheter is withdrawn from the

body.

T he disclosed embodiments can be used for subendocardial, as well as epicardial, pacing.

While the placement of the leads is epicardial, the leads can be configured to have a long screw-

like tip that reaches near the subendocardial wall. The tip of the lead can be made to be

conducting and stimulatory to provide the pacing to the subendocardial region. In general, the

lead length can be selected to pace transmurally at any site through the thickness of the heart

wall. Those of skill in the art can decide whether epicardial, subendocardial, or some transmural

location stimulation of the muscle is best for the patient in question.

The disclosure of the present application provides devices, systems, and methods to

improve healing of tissue scar, including, but not limited to, a myocardial infarct, and to

mechanically reinforce the border zone between viable and scar tissue to prevent dilation and

failure of organ (specifically heart failure). In at least one embodiment of the present disclosure,

the devices, systems, and methods disclosed herein are useful to stop the remodeling of the

myocardial infarct tissue and border zone in the first days after acute event. Epicardial suction

may be used as a means to save patching areas with live myocardial cells (myocytes) inside of

the infarct area. The device;?, systems, and methods of the present disclosure may also be useful

to decrease the ischemic necrotic area and stop the remodeling of the left ventricle in order to

decrease evolution towards congestive heart failure.

In at least one embodiment, irrigation (blood flow) is improved by providing topical

negative pressure to an area of myocardial infarct using, for example, a suction/infusion catheter



catheter of the present disclosure. An introduction of negative pressure to a target ite as

diSc losed herein acts to improve blood flow/circulation to an affected area.

in at least one embodiment, border zone reinforcement is facilitated by the placement of

viable fibroblasts at a targeted site of heart damage, whereby the fibroblasts provide the

structural support to reinforce the damaged heart tis!?υe. The fibroblasts aid with ihe stiffening

of the myocardial infarct and/or its border zone, with such structural reinforcement generally

aiding with the heart healing process after myocardial infarct. If heart tissue becomes too pliable

(as is common after a myocardial infarction), the tissue may dilate, leading to an aneurysm

(bulging of a heart wall), and if such an aneurysm ruptures, it likely results in instant death of

the patient. As such, structural reinforcement as described herein may be useful to prevent such

tissue dilation and improve a patients chances o f recovery after a heart attack.

An exemplar)' device for promoting infarct healing is shown in FIGS. 23A and 23B. As

shown in the embodiment of FIGS. 23A and 23B, catheter assembly 2300 comprises an

engagement catheter 2302, a delivery catheter 2304, and a suction/infusion catheter 2306.

Engagement catheter 2302 is positioned at bast partially around delivery catheter 2304. and

delivery catheter 2304 is positioned at least partially around suction/infusion catheter 2306 as

shown in FIGS. 23A and 23B. Engagement catheter 2302 and/or deliver)' catheter 2304 may

comprise one or more engagement and/or delivery catheters known in the art. It can be

appreciated that catheter assembly 2300 may comprises additional or fewer elements than those

described herein, as long as catheter assembly 2300 comprises suction/infusion catheter 2306 for

introduction into a space of a heart as disclosed herein.

Suction/infusion catheter 2306 comprises a proximal end (the end controlled by a user,

not shown), a distal end 2308 (the end inserted into a body space, including, but not limited to, a

pericardial space), and one or more apertures 2310 positioned along suction/infusion catheter

2306 at or near the distal end 2308 of suction/infusion catheter. As shown in the embodiment of

FlG. 23A, delivery catheter 2304 is partially within the internal space of engagement catheter

2302 and partially extended from engagement catheter 2302, and suction/infusion catheter 2306

is partially within the internal space of delivery catheter 2304 and partially extended from

delivery catheter 2304. As shown in FIG. 23B, a larger portion of suction/inflision catheter

2306 is shown extended from deliver)' catheter 2304.

Also, as shown in the exemplary embodiment of FlG. 23A and 23B, suction/infusion

catheter 2306 may comprise a "memory" catheter. As used herein, the term "memory catheter"

is intended to include, but is not limited to, a type of catheter either having a first configuration

that may be deformed while in the presence of or positioned within another device, or a type of

catheter capable of having its configuration altered by, for example, an external physical force or



a change in temperature. In an exemplary embodiment, the "memory" is provided by a wire

positioned within the wall of suction/infusion catheter 2306.

In lhe embodiments shown in FIGS. 23A and 23B, suction/infusion catheter 2306

comprises a memory catheter that has a first configuration (coiled), wherein the configuration is

deformed (at least partially straightened, or uncoiled) while that particular portion of

suction/infusion catheter 2306 is positioned within, for example, the internal space of delivery

catheter 2304. As such a suction/infusion catheter 2306 described thereby extends from delivery

catheter 2304, suction/infusion catheter 2306 (a "memory catheter" in this exemplary

embodiment) coils as more of suction/infusion catheter 2306 extends from delivery catheter

2304.

As shown in the exemplar)' embodiment of FIGS. 23A and 23B, suction/infusion

catheter 2306 comprises multiple apertures 2310 positioned along a length of suction/infusion

catheter 2306. Said apertures 2310 may allow a gas, fluid, particulate, or other substance,

including, but not limited to, liposomes, magnetic liposomes, and/or cells, present within an

internal lumen (not shown) of suction/infusion catheter 2306 to be injected from one or more

apertures 2310 of suction/infiision catheter. In addition, or in the alternative, said apertures 2310

allow a gas, fluid, particulate, or other substance present within a body space (not shown) to

enter one or more apertures 2310 by way of a vacuum provided within an internal lumen (not

shown) of suction/inftision catheter 2306 from a vacuum source (not shown). Suction/infusion

catheter 2306 may comprise one lumen whereby a gas, fluid, particulate, or other substance may

enter into or exit from the lumen by way of one or more apertures 2310, or suction/infusion

catheter 2306 may comprise two or more lumens, whereby a gas, fluid, particulate, or other

substance may enter into a lumen and/or exit from the same or another lumen by way of one or

more apertures 2310.

An exemplary embodiment of a suction/infusion catheter 2306 introduced into a

pericardial space at or near a left ventricle of a heart is shown in FIG. 24. Suction/infusion

catheter 2306 may be inserted into the pericardial space of a heart 2400 through any number of

methods, including, but not limited to, the introduction of suction/infusion catheter 2306 or a

catheter assembly 2300 through the jugular or femoral vein to the superior or inferior vena

cavae, respectively, and to the right atrial wall or atrial appendage (percutaneously) to the

pericardial sac (through puncture). Entry of a suction/infusion catheter 2306 into the pericardial

space of the heart 2400 according to the present disclosure is not limited to any single method of

entry. It can be appreciated that suction/infusion catheter 2306 may be introduced into other

spaces over the surface of the heart 2400 other than a left ventricle 2402, including, but not

limited to, spaces over the surface(s) of the right ventricle, a left atrium, and a right atrium.

Furthermore, it can be appreciated that suction/infusion catheter 2306 may be inserted into other



areas o f the body, including, but not limited to, spaces within other body organs and spaces in

the body between organs.

According to at least one example of entry of a suction/ infusion catheter 2306 into a left

ventricle 2402 of a heart 2400, a catheter assembly 2300 is u se d to introduce suction/infiision

catheter 2306. As shown in FIG. 24, the "memory" of suction/infusion catheter 2306 allows the

suction/infusion catheter 2306 to adapt a "racquet" shape when suctioa'inftision catheter 2306 is

delivered over the epicardial target area through previously disclosed atrial access. In such an

exemplary method of entry, engagement catheter 2302 may be used to engage a portion of a

body and/or organ, facilitating the delivery of suction/infusion catheter 2306 by way of delivery

catheter 2304 as described herein.

When the distal end 2308 of suction/infusion catheter 2306 has entered a targeted site,

suction/infusion catheter 2306 may be extended from delivery catheter 2304 as shown in FIG.

24. As previously described in FIG. 23B, as suction/infusion catheter 2306 extends from

delivery catheter 2304, suction/infusion catheter may coil based upon a "memory" it comprises

as described herein. As shown in FIG. 24, a portion of suction/infusion catheter 2306 has

extended from delivery catheter 2304, whereby a portion of suction/infusion catheter 2306 has

coiled over lhe surface of the left ventricle 2402 of the heart 2400.

Such an exemplar)' delivery may be used to deliver suction/infusion catheter 2306 at or

near an area of acute myocardial infarct 2404 as shown in FIG. 24. A coiled portion of

suction/infusion catheter 2306 is positioned at or near an acute myocardial infarct 2404, and as

described in further detail herein, such a positioning allows for the delivery of a gas, fluid,

particulate, or other substance, including, but not limited to, liposomes, magnetic liposomes,

and/or cells, at or near the area of acute myocardial infarct 2404. As such, suction/infusion

catheter 2306 may facilitate border zone reinforcement as described herein by introducing, for

example, magnetic liposomes and/or magnetic cells to a target site within Che heart 2400.

A suction/infusion catheter 2306 of the present disclosure may be operable to provide

suction to a target site within a heart 2400. For example, and as described herein, the

introduction of negative pressure over the surface or epicardium of the hear 2400 may increase

blood flow to a damaged area of the heart 2400 (myocardial infarct), with the improved blood

flow assisting generally with the myocardial infarct healing process. Such suction may be

introduced using a suction/infusion catheter 2306 of the present disclosure when

suction/infusion catheter 2306 is either directly or indirectly coupled to a source of vacuum. A

source of vacuum comprising a controlled pressure suction console may provide intermittent or

continuous suction at different pressures and/or times as desired.

In addition, suction/infusion catheter 2306 may also be used to remove a gas, fluid,

particulate, or other substance, from an area within a body via one or more apertures 2310



present along suction/infusion catheter 2306. Suction/infusion catheter 2306 may be positioned

at or near an acute myocardial infarct 2404 at least partially within a border /one 2406

surrounding the acute myocardial infarct 2404 as shown in FIG. 24.

Exemplary embodiments of delivery catheters 2304 with multiple suction/infusion

catheters 2306 are shown in FΪGS. 25A, 25B, and 25C. As shown in FIG. 25A, two

suction/infusion catheters 2306 are shown partially extended from delivery' catheter 2304. In at

least one exemplary embodiment, a guide wire 2500 may be positioned at or near the distal end

of at least one suction/infusion catheter 2306 to assist an user with positioning suction/infusion

catheter(s) 2306 within a space in a body.

FIG. 25A shows one suction' inlksion catheter 2306 extending .somewhat further from

delivery catheter 2304 than the other suction/infusion catheter 2306. FIG. 25B shows an

exemplary embodiment of delivery catheter 2304 having two suction/infusion catheters 2306

extending at least partially therefrom. One of the two suction/infusion catheters 2306 is shown

in a coiled configuration based upon a "memory" as described herein. FIG. 25C shows an

exemplary embodiment of delivery catheter 2304 having two suction/inrusion catheters 2306

extending at least partially therefrom, with the two suction/infusion catheters 2306 having coiled

configurations. The dashed line portion of one of the suction/infusion catheters 2306 shown in

Fig. 25C is to show an example of how the suction/infusion catheter 2306 may coil as it farther

extends from delivery catheter 2304.

The suction/inrusion catheters 2306 shown in FΪGS. 25A, 25B, and 25C comprise one or

more apertures 2310 positioned along one or more of the suction/infusion catheters 2306 of a

multiple suction/infusion catheter 2306 assembly. It can be appreciated that embodiments of

catheter assemblies 2300 and/or suction/infusion catheters 2306 described herein are not limited

to any particular example or figure/drawing shown herein, and that such described embodiments

are provided as examples of catheter assemblies 2300 and/or suction/infusion catheters 2306 of

the present disclosure.

An embodiment of a catheter assembly 2300, or an assembly comprising multiple

suction/infasion catheters 2306, may be positioned at or near an area of acute myocardial infarct

2404 as shown in FIG. 26. As shown in FΪG. 26, coiled portions of two suction/infusion

catheters 2306 are positioned at or near an acute myocardial infarct 2404, and as described in

further detail herein, such a positioning allows for the delivery of a gas, fluid, particulate, or

other substance, including, but not limited to, liposomes, magnetic liposomes, and/or cells, at or

near the area of acute myocardial infarct 2404. Suction/infusion catheters 2306 may also be

used to remove a gas, fluid, particulate, or other substance, from an area within a body via one or

more apertures 2310 present along one or more suction'infusion catheters 2306.

Suction.infu.sion catheters 2306 may be positioned at or near an acute myocardial infarct 2404 at



least partially within a border zone 2406 surrounding the acute myocardial infarct 2404 as

shown in FIG. 26.

A least one benefit to a multiple suction/infusion catheter 2306 assembly would be the

increased amount of suction/infusion catheter 2306 surface area available at a particular target

site, allowing for a larger amount of targeted delivery and/or suction as described herein. Such

an increased surface area may, for example, allow for targeted delivery of magnetic liposomes

and/or magnetic cells as described herein, or may allow for targeted suction to increase blood

flow to facilitate a damaged area of a heart 2400. For example, a catheter assembly 2300 and/or

a portion of a catheter assembly 2300, as described herein, comprising two suction/infusion

catheters 2306, may allow for delivery of substance(s) from one suction/infusion catheter 2306.

and the removal of substance(s) from the other.

As shown in FIGS. 27A and 27B, an occluder 2700 may be used with one or more

suction/infusion catheters 2306 to provide a user of a suction/infusion catheter 2306 with greater

flexibility with respect to targeted delivery or targeted suction as described herein. As shown in

FIG. 27A, a distal portion of a suction/infusion catheter 2306 is shown with multiple apertures

23 10 positioned along a length of suction/infusion catheter 2306. An occluder 2700 may be

inserted into a proximal end of a suction/infusion catheter 2306 (so as to be controllable by a

user), whereby the user may position occluder 2700 within a lumen within suction/infusion

catheter 2306 to fully or partially block one or more apertures 2310. As shown in the

embodiment of FIG. 27A, occluder 2700 is blocking two apertures 2310, while the two apertures

2310 closest to the distal end of suction/infusion catheter 2306 remain open. As such, if

suction/infusion catheter is used to deliver a substance (via space 2702 shown in FIG. 27A), the

substance may be delivered from the apertures 2310 not closed/blocked by occluder 2700.

Similarly, if suction/infusion catheter is used to provide suction at a targeted site (with a vacuum

provided via space 2702 shown in FlG. 27A), suction may be had by the apertures 2310 not

closed/blocked by occluder 2700.

FIG. 27A also shows a optional support wire 2704 positioned within the wall of

suction/infusion catheter 2306 and extending, at least partially, a length of suction/infusion

catheter 2306. Support wire 2704 may provide some rigidity to suction/infusion catheter 2306

and may also assist a user when using and/or introducing an occluder 2700 as described herein.

Support wire 2704, in addition and/or in the alternative to providing rigidity, may provide the

"memory'" for a memory suction/infusion catheter 2306 as described herein.

FIG. 27B shows an end view of an exemplary embodiment of a suction/infusion catheter

2306 with an occluder 2700 positioned therethrough. As shown in FIG. 27B, occluder 2700 is

shown blocking aperture 2310 to either partially or fully prevent a substance from moving in or

out of blocked aperture 2310. FIG. 27B also shows space 2702 whereby a substance may move



in and/or out of suction/infusion catheter 2306, and an optional support wire 2704 positioned

within the wall of suction/infusion catheter 2306.

A catheter system 2300, or a portion thereof, according to the present disclosure may be

used to reinforce a damaged wall of a heart 2400 by aiding in the local delivery of substances to

a target site. FIGS. 28A and 28B show an exemplary embodiment of a suction/infusion catheter

2306 used to deliver cells to a target site over the heart 2400. In one exemplary embodiment

described below, magnetic liposomes are delivered to a damaged left ventricular wall, and

fibroblasts are then delivered to the damaged wall with liposomes to aid in the reinforcement of

the ventricular wall with a "biologic patch."

As shown in FIG. 28A, a suctioa'infusion catheter 2306 is used to deliver, for example, a

glue-like substance 2800 to a myocardial infarct 2404 (scar site within, for example, a left

ventricle) and/or to a border zone 2406 surrounding the myocardial infarct 2404. Glue-like

substance may optionally be delivered to remote myocardium 2802 in addition to being

delivered to a myocardial infarct 2404 and/or to a border zone 2406 surrounding the myocardial

infarct 2404. Glue-like substance 2800 may comprise, for example, a biologic glue and/or any

number of vesicles containing magnetic particles, including, but not limited to, magnetic

liposomes. Glue-like substance 2800 may comprise peptides (not shown) that may assist the

seeding of glue-like substance 2800 to a myocardial infarct 2404 and/or to a border zone 2406

surrounding the myocardial infarct 2404. In one exemplary embodiment, glue-like substance

2800 comprises magnetic liposomes coupled to an ROD peptide and prepared in accordance to

the example provided below.

After glue-like substance 2800 has been delivered to a target site (as shown in FIGS.

28A and 28B), suction/infusion catheter 2306 may be used to deliver, for example, magnetic

cells 2804 to a target site as shown in FIG. 28B. In at least one exemplary embodiment,

suction'miiision catheter 2306 is used to deliver magnetic cells 2804 to a myocardial infarct

2404 and/or a border zone 2406 having a glue-like substance 2800 positioned thereon. In at

least one example, glue-like substance 2800 comprises magnetic liposomes coupled to an RGD

peptide, wherein the RGD peptide is attracted to the surface of the myocardial infarct 2404

and/or the border zone 2406, so that the magnetic liposomes maintain their position on the

surface of the myocardial infarct 2404 and/or the border zone 2406 for a period of time. Once

the glue-like substance 2800 is positioned, magnetic cells 2804 may be delivered by

suction/infusion catheter 2306, which are then attracted to the glue-like substance 2800

positioned on the surface of the myocardial infarct 2404 and/or the border zone 2406. In at least

one embodiment, magnetic cells 2804 comprise biological cells isolated dermal fibroblasts

containing magnetic particles. It can be appreciated that any number and/or types of cells



suitable for use within the disclosure of the present application are considered to be within the

scope of the present application.

In at least one embodiment, magnetic cells 2804 comprise isolated dermal fibroblasts

which have been in contact with a glue-like substance 2800 prior to deliver)' to a target site. In

at least one example, glue-like substance 2800 comprises magnetic liposomes, and when the

magnetic liposomes are placed in contact with magnetic cells 2804, the magnetic content of the

magnetic liposomes and/or the magnetic liposomes themselves may be endocytosed by magnetic

cells 2804 as described in the example below. When magnetic cells 2804 are positioned the

heart 2400 as described herein, heart 2400 functions as an / vivo reactor" while the surface of

heart 2400 functions as an as a medium to grow additional magnetic cells 2804. As additional

magnetic cells 2804 grow within the heart, a tissue may be formed from magnetic cells 2804,

providing structural support to the border zone 2406.

The example provided below represents one method of infarct healing of the present

disclosure, and is not intended in any way to be indicative of the only method of performing

infarct healing according to the present disclosure.

Example: Preparation of Biologic Patch

In one example, autologous in vftro-cultured fibroblasts containing magnetic particles are

seeded on the affected surface of the heart 2400 using a suction/infusion catheter 2306 as

described herein. The magnetized cells may be placed in the infarcted area in order to reinforce

the area and to avoid the deleterious effects of wall thickening produced by remodeling after

infarction. n one example, the magnetic particles are liposomes formed with a core magnetic

vesicle (oxide of Fe 2/3) coated with an arophipathic organic compound (phospholipids and

cholesterol), and arginine-glycine-aspartate (RGD) tripeptide coupled with the magnetic

liposomes

Cells are cultured and subcultured to be amplified, and then incubated with the magnetic

particles. These particles are endocytozed by cells and may then be delivered in the targeted

region of magnetized tissues. This method allows the cells to attach to the targeted area and to

stay in place while proliferation s carried out. The increased number of cells on the area would

be able to avoid wall thickening and stretching.

CeIi Isolation Step: in this example, a skin sample is taken from a patient in aseptic

conditions with dermatome. The tissue (skin) sample must contain epidermis and dermis,

avoiding, if possible, the presence of fat and subcutaneous tissue. The sample is placed in a 50

mL tube containing 20 mL Dulbecco's Modified Eagle Media (DMEM) medium containing an

antibiottc-antimicotic and 10% irradiated fetal bovine serum. The tube is maintained in a

refrigerator until it is processed.



The sample is washed three times with 10 mL phosphate buffer solution (PBS)

containing an antibiotic-antimicotic, and then treated for 30 to 120 minutes with the enzyme

dispase H (Boehringer Mannheim-Roche, catalog no. 165859, 0.5% in Hank's Balanced Salt

Solution (HBSS)). Dermis and epidermis are then separated by using forceps.

The dermis is washed three times with HBSS and then treated with the enzyme

collagenase 1 (Sigma, 0.1% in HBSS) for 30-60 minutes, with constant shaking. When the

dermal tissue is disaggregated, it is filtered with gauze and centrifugated (12400 rpm for 10

minutes). The supernatant is discarded and the resulting pellet is resuspended for cell counting.

The viability of the isolated cells are estimated by the trypan blue exclusion method as known in

the art.

Cell Culture Step: The isolated dermal fibroblasts are seeded on cell culture dishes or

flasks, with an inoculum of 0.7-1.5 x 104 cells per square centimeter. The culture medium is

DMBM with antibiotic, 10% irradiated fetal bovine serum, and 0.3 µM ascorbic acid. The

culture medium is changed every 2 days. When the fibroblasts reach 70-80% confluence, they

are subcult red in order to be amplificated (between 1:3 to 1:5).

Cell Subculture Step: For the amplification, the cell culture dishes/flasks are washed

two times with PBS (Ca-H- and Mg-H- free). ITie cells are treated with trypsine (Sigma, 0.05%)

- EDTA (Sigma, 0.02%), for 3-5 minutes. When the cells are detached from culture surface, the

enzyme is inhibited with equivalent volume of medium with serum. The detached cells are

collected, centrifuged, and resuspended in the aforementioned medium. Three to five

dishes/flasks are seeded with the obtained cells. This procedure will be repeated until a

sufficient number of cells are obtained. However, not more than 3rd to 4th subculture is

preferred.

Step of Magnetic Liposomes Preparation: The preparation of magnetic liposomes and

the coupling to RGD peptide are performed as previously described herein.

Step of Extraction of Ceils Containing Magnetic Liposomes-RGϋ : The preparation

of the in vitro cultured fibroblasts containing magnetic liposomes coupled to RGD peptide are

performed by co-culturing the trypsinized cells with Hposomes-RGD for a period long enough to

allow for the endocylosis of magnetic particles inside the cells. After that, the cells are

harvested and are ready for use.

A number of indications and advantages to the aforementioned method of infarct healing

exist. A method of the present disclosure may assist patients with severe left ventricular wall

impairment due to anterior acute myocardial infarction with or without previous or simultaneous

revascularization procedure (Percutaneous Transluminal Coronary Angioplasty (PTCA) and/or

fibrinolitic). Patients with acute myocardial infarction cardiogenic shock as a combined

procedure with other cardiac support devices (an intra aortic balloon pump (IABP), a left



ventricular assist device (LVAD), and/or a coronary sinus autoretroperfusion) may also benefit

from the disclosure of the present application. Furthermore, patients with a low ejection fraction

due to an expanded ischemic necrotic area with no possibilities to receive coronary artery bypass

graft surgery (CABG) or PTCA or failure of PTCA (no reflow phenomenon) may benefit from a

procedure as described herein.

Additional benefits to a method of infarct healing of the present application also exist.

For example, the procedure may be performed under local anesthesia, using, for example, an

endovascular pericardial sac approach to reach the epicardium target area (acute myocardial

infarct and/or border zone). This procedure may also be combined with a pre- or post-PTCA

procedure, n addition, and when catheter suction reaches the acute myocardial infarct and/or

border zone area, intermittent or continuous suction begins at the subatmospheric pressure

desired to further facilitate infarct healing.

The devices, systems, and methods of the present disclosure provide for hemodynamic

control during a procedure as disclosed herein, utilizing, for example, mean arterial pressure,

wedge pressure, central venous pressure, cardiac output, and cardiac index. Evaluation of

ventricular function with echocardiograms, nuclear magnetic resonance (NMR), or myocardial

echo contrast, for example, may also be performed consistent with the methods of the present

disclosure. In addition to the foregoing, the present disclosure allows for easy insertion and

removal of a suction/infusion catheter 2306.

While various embodiments of devices, systems, and methods for accessing the heart

tissue and assisting with heart healing have been described in considerable detail herein, the

embodiments are merely offered by way of non-limiting examples of the disclosure 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 this disclosure ft 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

disclosure. Indeed, this disclosure is not intended to be exhaustive or to limit the scope of the

disclosure. The scope of the disclosure is to be defined by the appended claims, and by their

equivalents.

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 of steps 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

disclosure.

It is therefore intended that the disclosure will include, and this description and the

appended claims will encompass, all modifications and changes appareni to those of ordinary

skill in the art based on this disclosure.



WE CLAIM:

1. A method of facilitating myocardial infarct repair, the method comprising the

steps of:

introducing at least one suction/infusion catheter having a lumen therethrough to

a pericardial space surrounding a heart at or near a site of myocardial infarct, the at least one

suction/infusion catheter comprising:

one or more apertures defined along a portion of the at least one

suction/infusion catheter at or near a distal end of the at least one suction/infusion catheter; and

a memory comprising a first configuration when the at least one

suction/infusion catheter is at least partially extended from a delivery catheter;

operably connecting a vacuum source at or near a proximal end of the at least one

suction/infusion catheter;

extending the at least one suction/infusion catheter from the delivery catheter to

create a coiled configuration; and

operating the vacuum source to create suction from the one or more apertures at

or near the distal end of the at least one suction/infusion catheter, wherein the suction results in

increased blood flow at or near the site of myocardial infarct.

2. The method of claim I, wherein the first configuration of the memory comprises

a coiled configuration.

3. he method of claim 2, wherein the coiled configuration comprises a racquet

shape.

4. The method of claim 1, wherein the memory further comprises a second

configuration, wherein the first configuration comprises a coiled configuration, and wherein the

second configuration comprises an uncoiled configuration.

5. The method of claim 1, wherein the step of introducing the at least one

suction/infusion catheter is performed using a pericardial sac approach.

6. The method of claim 1, wherein the step of introducing the at least one

suction/infusion catheter is performed by introducing the at least one suction/infusion catheter

into a jugular vein, through a superior vena cava, and into the pericardial space.

7. The method of claim 1, wherein the step of introducing the at least one

suction/infυsion catheter is performed by introducing the at least one suction/infusion catheter

into a femoral vein, through an inferior vena cava, and into the pericardial space.

8. The method of claim 1 wherein the site of myocardial infarct is at a left ventricle

of the heart, and wherein the step of introducing the at least one suction/infusion catheter

comprises the introduction of the at least one suction/infusion catheter into the pericardial space

at or near the left ventricle of the heart.



9. The method of claim 1, wherein the one or more apertures comprises multiple

apertures.

10. The method of claim 1 wherein the vacuum .source comprises a syringe.

11. The method of claim 1, wherein the vacuum source comprises a controlled

pressure suction console.

12. The method of claim I, wherein the at least one suction/infusion catheter further

comprises a guide wire positioned at the distal end of the at least one suction/infusion catheter,

wherein the guide wire facilitates introduction of the at least one suction/infusion catheter in the

step of introducing the at least one suction/infusion catheter.

13. The method of claim 1, wherein the at least one suction/infusion catheter

comprises two suction/infusion catheters.

14. The method of claim 1, wherein the at least one suction/infusion catheter

comprises at least three suction/infusion catheters.

15. The method of claim 1, wherein the step of operating the vacuum source

facilitates removal of a gas, fluid, and/or a particulate from a location at or near the site of

myocardial infarct.

16. The method of claim 1, wherein the step of extending the at least one

suction/infusion catheter from the delivery catheter allows for an increased surface area of at

least one suction/infusion catheter to be positioned at or near the site of myocardial infarct.

17. The method of claim 1, further comprising the step of introducing an occluder

within the lumen of the at least one .suction/infusion catheter.

18. The method of claim 17, wherein the occluder may partially or completely block

one or more apertures of the at least one suction/infusion catheter.

19. The method of claim 1, wherein the at least one suction/infusion catheter further

comprises a support wire positioned along at least part of a length of the at least one

suction/infusion catheter.

20. The method of claim 19, wherein the support wire facilitates the step of

introducing at least one suction/catheter into the pericardial space.

21. The method of claim 19, wherein the support wire is used to define the memory

comprising the first configuration.

22. The method of claim 19, wherein the support wire provides rigidity to the at least

one suction/infusion catheter.

23. The method of claim 19, further comprising the step of introducing an occluder

within the lumen of the at least one suction/infusion catheter, wherein the step of introducing an

occluder is facilitated by the support wire.



24. The method of claim 1 wherein the step of operating the vacuum source causes

blood within an area surrounding the heart to flow within the site of myocardial infarct io

facilitate myocardial infarct healing.

25. The method of claim 1, wherein the suction created by the vacuum source causes

a negative pressure to exist at the site of myocardial infarct.

26. A suction/infusion catheter for facilitating myocardial infarct repair, comprising:

one or more apertures defined along a portion of the suction/inftision catheter at

or near a distal end of the suction/infusion catheter; and

a memory comprising a first configuration when the suetion/inrusion catheter is

at least partially extended from a delivery catheter;

wherein the suction/infusion catheter, when introduced into a pericardial space

surrounding a heart at or near a site of myocardial infarct, is operable to stimulate blood flow via

suction from the suction/infusion catheter.

27. The suction-infusion catheter of claim 26, further comprising a vacuum source

operably connected at or near a proximal end of the suction/infusion catheter.

28. The suction/infusion catheter of claim 27, wherein operation of the vacuum

source causes suction within a lumen within the suction/infusion catheter.

29. The suction/infusion catheter of claim 26, wherein the first configuration of the

memory comprises a coiled configuration.

30. The suction/infusion catheter of claim 29, wherein the coiled configuration

comprises a racquet shape.

31. The suction/infusion catheter of claim 26, wherein the memory further comprises

a second configuration, wherein the first configuration comprises a coiled configuration, and

wherein the second configuration comprises an uncoiled configuration.

32. The suction/infusion catheter of claim 26 wherein the suctioα nfusion catheter

further comprises a guide wire positioned at the distal end of the suction/infusion catheter,

wherein the guide wire facilitates introduction of the suction/inftision catheter into the

pericardial space.

33. The suction/infusion catheter of claim 26, further comprising an occluder

positioned within a lumen of the suction/infusion catheter.

34. The suction/infusion catheter of claim 33, wherein the occluder may partially or

completely block one or more apertures of the suction/infusion catheter.

35. The suction/infusion catheter of claim 26, further comprising a support wire

positioned along at least part of a length of the suction/infusion catheter.

36. The suction/infusion catheter of claim 35, wherein the support wire facilitates

introduction of the suction/catheter into the pericardial space.



37. The suction/infusion catheter of claim 35, wherein the support wire is used to

define the memory comprising the first configuration.

38. The suction/infusion catheter of claim 35, wherein the support wire provides

rigidity to the suction/in fusion catheter.

39. A system for facilitating myocardial infarct repair, comprising:

an engagement catheter having a proximal end, a distal end, and a lumen

positioned therethrough;

a delivery catheter having a proximal end, a distal end, and a lumen positioned

therethrough, the delivery catheter positioned at least partially within the lumen of the

engagement catheter; and

at least one suction/infusion catheter positioned at least partially within the lumen

of the delivery catheter, the at least one suction/infusion catheter comprising:

one or more apertures defined along a portion of the suction/infusion

catheter at or near a distal end of the at least one suction/infusion catheter; and

a memory comprising a first configuration when the at least one

suction/infusion catheter is at least partially extended from the delivery catheter;

wherein the at least one suction/infusion catheter, when introduced to a

pericardial space surrounding a heart at or near a site of myocardial infarct, is operable to

stimulate blood flow via suction from the at least one suction/infusion catheter.

40. The system of claim 39, further comprising a vacuum source operably connected

at or near a proximal enά of the at least one suction/infusion catheter.

41. The system of claim 40, wherein operation of the vacuum source causes suction

within a lumen within the at least one suction/infusion catheter.

42. The system of claim 39, wherein the first configuration of the memory comprises

a coiled configuration.

43. The system of claim 42, wherein the coiled configuration comprises a racquet

shape.

44. The system of claim 39, wherein the memory further comprises a second

configuration, wherein the first configuration comprises a coiled configuration, and wherein the

second configuration comprises an uncoiled configuration.

45. The system of claim 39, wherein the at least one suction/infusion catheter further

comprises a guide wire positioned at or near the distal end of the at least one suction/infusion

catheter, wherein the guide wire facilitates introduction of the at least one suction/infusion

catheter into the pericardial space.

46. The system of claim 39. further comprising an occluder positioned within a

lumen of the at least one suction/infusion catheter,



47. The system of claim 46, wherein the occluder may partially or completely block

one or more apertures of the at least one suction/infusion catheter.

48. The system of claim 39, further comprising a support wire positioned along at

least part of a length of the at least one suction/infusion catheter.

49. The system of claim 48, wherein the support wire facilitates introduction of the at

least one suction/catheter into the pericardial space.

50. The system of claim 48, wherein the support wire is used to define the memory

comprising the first configuration.

51. The system of claim 48, wherein the support wire provides rigidity to the at least

one suction/infusion catheter.

52. A method of myocardial infarct border zone reinforcement, the method

comprising the steps of:

introducing at least one suction/infusion catheter having a lumen therethrough to

a pericardial space surrounding a heart at or near a site of myocardial infarct border zone, the at

least one suction/infusion catheter comprising:

one or more apertures defined along a portion of the at least one

suction/infusion catheter at or near a distal end of the at least one suction/infusion catheter; and

a memory comprising a first configuration when the at least one

suction/infusion catheter is at least partially extended from a delivery' catheter;

injecting a glue-like substance through the lumen of the at least one

suction/infusion catheter and out from the one or more apertures to deliver the glue-like

substance into the pericardial space at or near the myocardial infarct border zone; and

injecting magnetic cells through the lumen of the at least one suction/infusion

catheter and out from the one or more apertures to deliver the magnetic cells into the pericardial

space at or near the myocardial infarct border zone, wherein the magnetic cells are attracted to

the glue-like substance, and wherein the magnetic cells provide structural support to the

myocardial infarct border zone.

53. The method of claim 52, wherein the glue-like substance comprises a biologic

glue.

54. The method of claim 53, wherein the biologic glue comprises liposomes

containing magnetic particles.

55. The method of claim 54, wherein the liposomes comprise a peptide attached to an

outer surface of the liposomes.

56. The method of claim 55, wherein the peptide comprises an arginine-glycine-

apsartate peptide.



57. The method of claim 52, wherein the glue-like substance binds to a myocardial

infarct border zone.

58. The method of claim 52, wherein the magnetic cells comprise biologic cells.

59. The method of claim 58, wherein the biologic cells comprise dermal fibroblasts.

60. The method of claim 59, wherein the dermal fibroblasts contain magnetic

particles.

61. The method of claim 52, wherein the magnetic cells are attracted to a peptide

attached to the glue-like substance.

62. The method of claim 52 wherein the magnetic cells are magnetically attracted to

the glue like substance .

63. The method of claim 52, wherein the magnetic cells, when positioned within the

pericardial space at or near the myocardial infarct border zone, may reproduce to form a tissue,

said tissue providing structural support at the myocardial infarct border zone.

64. The method of claim 52, wherein the first configuration of the memory comprises

a coiled configuration.

65. The method of claim 64, wherein the coiled configuration comprises a racquet

shape.

66. The method of claim 52, wherein the memory further comprises a second

configuration, wherein the first configuration comprises a coiled configuration, and wherein the

second configuration comprises an uncoiled configuration.

67. The method of claim 52, wherein the step of introducing the at least one

suction/infusion catheter is performed using a pericardial sac approach.

68. The method of claim 52, wherein the step of introducing the at least one

suction/infusion catheter is performed by introducing the at least one suction/infusion catheter

into a jugular vein, through a superior vena cava, and into the pericardial space.

69. The method of claim 52, wherein the step of introducing the at least one

suction/infusion catheter is performed by introducing the at least one suction/infusion catheter

into a femoral vein, through an inferior vena cava, and into the pericardial space.

70. The method of claim 52, wherein the myocardial infarct border zone is at a left

ventricle of the heart, and wherein the step of introducing the at least one suction/infusion

catheter comprises the introduction of the at least one suction/infusion catheter into the

pericardial space at or near the left ventricle of the heart.

7 1. The method of claim 52, wherein the at least one suction/infusion catheter further

comprises a guide wire positioned at the distal end of the at least one suction/infusion catheter,

wherein the guide wire facilitates introduction of the at least one suction/infusion catheter in the

step of introducing the at least one suctioa'infusion catheter.



72. The method of claim 52, wherein the at least one suction/infusion catheter

comprises two suction/infusion catheters.

73. The method of claim 52, wherein the at least one suction/infusion catheter

comprises at least three suction/infusion catheters.

74. The method of claim 52, wherein the step of extending lhe at least one

suction/infusion catheter from ihe delivery catheter allows for an increased surface area of at

least one suction/infusion catheter to be positioned at or near the myocardial infarct border zone.

75. The method of claim 52, further comprising the step of introducing an occluder

within the lumen of the at least one suction/infusion catheter.

76. The method of claim 75, wherein the occluder may partially or completely block

one or more apertures of the at least one suction/infusion catheter.

77. The method of claim 52, wherein the at least one suction/infusion catheter further

comprises a support wire positioned along at least part of a length of the at least one

suction/infusion catheter.

78. The method of claim 77, wherein the support wire facilitates the step of

introducing at least one suction/catheter into the pericardial space.

7 . The method of claim 77, wherein the support wire is used to define the memory

comprising the first configuration.

80. The method of claim 77, wherein the support wire provides rigidity to the at least

one suction/infusion catheter.

81. The method of claim 77, further comprising the step of introducing an occluder

within the lumen of the at least one suction/infusion catheter, wherein the step of introducing an

occluder is facilitated by the support wire.

82. A suction/infusion catheter for facilitating myocardial infarct border zone

reinforcement, comprising:

one or more apertures defined along a portion of the suction/infusion catheter at

or near a distal end of the suction/infusion catheter; and

a memory comprising a first configuration when the suction/infusion catheter is

at least partially extended from a delivery catheter;

wherein the suction/infusion catheter, when introduced into a pericardial space

surrounding a heart at or near a myocardial infarct border zone, is operable to inject a glue-like

substance through a lumen of the suction/infusion catheter and out from the one or more

apertures to deliver the glue-like substance into the pericardial space at or near the myocardial

infarct border zone.

83. Ihe suction/infusion catheter of claim 82, further operable to inject magnetic

cells through the lumen of the suction/infusion catheter and out from the one or more apertures



to deliver the magnetic cells into the pericardial space at or near the myocardial infarct border

zone, wherein the magnetic cells are attracted to the glue-like substance, and wherein the

magnetic cells provide structural support to the myocardial infarct border zone.

84. The suction/infusion catheter of claim 82> wherein the first configuration of the

memory comprises a coiled configuration.

85. The suction/infusion catheter of claim 84, wherein the coiled configuration

comprises a racquet shape.

86. The suction/infusion catheter of claim 82, wherein the memory further comprises

a second configuration, wherein the first configuration comprises a coiled configuration, and

wherein the second configuration comprises an uncoiled configuration.

87. The suction/infusion catheter of claim 82, further comprising a guide wire

positioned at the distal end of the suction/infusion catheter, wherein the guide wire facilitates

introduction of the suction/infusion catheter into the pericardial space.

88. The suction/infusion catheter of claim 82, further comprising an occluder

positioned within a lumen of the suction/infusion catheter.

89. The suction/infusion catheter of claim 88, wherein the occluder may partially or

completely block one or more apertures of the suction/infusion catheter.

90. The suction/infiision catheter of claim 82, further comprising a support wire

positioned along at least part of a length of the suction/infusion catheter.

91. The suction/infusion catheter of claim 90, wherein the support wire facilitates

introduction of the suction/catheter into the pericardial space.

92. The suction/infusion catheter of claim 90, wherein the support wire is used to

define the memory comprising the first configuration.

93. The suction/infusion catheter of claim 90, wherein the support wire provides

rigidity to the suction/infusion catheter.

94. The suction/infusion catheter of claim 82, wherein the glue-like substance

comprises a biologic glue.

95. The suction/infusion catheter of claim 94, wherein the biologic glue comprises

liposomes containing magnetic particles.

96. The suction/infusion catheter of claim 95, wherein the liposomes comprise a

peptide attached to an outer surface of the liposomes.

97. The suction/infusion catheter of claim 96, wherein the peptide comprises an

arginine-giycine-apsartate peptide.

98, The suction/infusion catheter of claim 82, wherein the glue-like substance binds

to the myocardial infarct border zone.



99. The suction/infusion catheter of claim 82, wherein the magnetic cells comprise

biologic cells.

100. The suction/infusion catheter of claim 99 wherein the biologic cells comprise

dermal fibroblasts.

101. The suction/ infusion catheter of claim 100, wherein the dermal fibroblasts

contain magnetic particles.

102. The suction/infusion catheter of claim 82, wherein the magnetic cells are attracted

to a peptide attached to the glue-Hke substance.

103. The suction/infusion catheter of claim 82, wherein the magnetic cells are

magnetically attracted to the glue like substance.

104. The suction/infusion catheter of claim 82, wherein the magnetic cells, when

positioned within the pericardial space surrounding the heart at or near the myocardial infarct

border zone, may reproduce to form a tissue, said tissue providing structural support at the

myocardial infarct border zone.

105. A system for facilitating myocardial infarct border /.one reinforcement,

comprising:

an engagement catheter having a proximal end, a distal end, and a lumen

positioned therethrough;

a delivery catheter having a proximal end, a distal end, and a lumen positioned

therethrough, the delivery catheter positioned at least partially within the lumen of the

engagement catheter; and

at least one suction/infusion catheter positioned at least partially within the lumen

of the delivery catheter, the at least one suction/infusion catheter comprising:

one or more apertures defined along a portion of the at least one

suction/infusion catheter at or near a distal end of the at least one suction/infusion

catheter; and

a memory comprising a first configuration when the at least one

suction'infusion catheter is at least partially extended from a delivery catheter;

wherein the at least one suction/infusion catheter, when introduced into a

pericardial space surrounding a heart at or near a myocardial infarct border zone, is operable to

inject a glue-like substance through a lumen of the at least one suction/infusion catheter and out

from the one or more apertures to deliver the glue-like substance into the pericardial space at or

near the myocardial infarct border zone.

106. The system of claim 105, wherein the at least one suction/infusion catheter is

further operable to inject magnetic cells through the lumen of the at least one suction/infiision

catheter and out from the one or more apertures to deliver the magnetic cells into the pericardial



space at or near the myocardial infarct border zone, wherein the magnetic cells are attracted to

the glue-like substance, and wherein the magnetic cells provide structural support to the

myocardial infarct border zone.

107. The system of claim 105, wherein the first configuration of ihe memory

comprises a coiled configuration.

108. The system of claim 107, wherein the coiled configuration comprises a racquet

shape.

109. The system of claim 105, wherein the memory further comprises a second

configuration, wherein the first configuration comprises a coiled configuration, and wherein the

second configuration comprises an uncoiled configuration.

110. The system of claim 105, wherein the at least one suction/infusion catheter

ftirther comprises a guide wire positioned at the distal end of the at least one suction/infusion

catheter, wherein the guide wire facilitates introduction of the at least one suction/infusion

catheter into the pericardial space.

111. The system of claim 105, further comprising an occluder positioned within a

lumen of ihe at least one suction/infusion catheter.

112. The system of claim 111, wherein the occluder may partially or completely block

one or more apertures of the at least one suction/infusion catheter.

113. The system of claim 105, further comprising a support wire positioned along at

least part of a length of the at least one suction/infusion catheter.

114. The system of claim 113 wherein the support wire facilitates introduction of the

at least one suction/catheter into the pericardial space.

115. The system of claim 113, wherein the support wire is used to define the memory

comprising the first configuration.

116. The system of claim 113, wherein the support wire provides rigidity to the al least

one suction/infusion catheter.

117. The system of claim 105, wherein the glue-like substance comprises a biologic

glue.

118. The system of claim 117, wherein the biologic glue comprises liposomes

containing magnetic particles,

119. The system of claim 118, wherein the liposomes comprise a peptide attached to

an outer surface of the liposomes.

120. The system of claim 119, wherein the peptide comprises an arginine-glycine-

apsartate peptide.

121. The system of claim 105, wherein the glue-like substance binds to the myocardial

infarct border zone.



122. The system of claim 105, wherein the magnetic cells comprise biologic cells.

123. The system of claim 122, wherein the biologic cells comprise dermal fibroblasts.

124. The system of claim 123, wherein the dermal fibroblasts contain magnetic

particles.

125. The system of claim 105, wherein the magnetic cells are attracted to a peptide

attached to the glue-like substance.

126. The system of claim 105, wherein the magnetic cells are magnetically attracted to

the glue like substance.

127. The system of claim 105, wherein the magnetic cells, when positioned within the

pericardial space surrounding the heart at or near the myocardial infarct border zone, may

reproduce to form a tissue, said tissue providing structural support at the myocardial infarct

border zone.







































































INTERNATIONAL SEARCH REPORT International application No.

PCT/US 08/60487

A CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61 M 25/00 (2008.04)
USPC - 604/264

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

B FlFLDS S F ΛRCHED

Minimum documentation starched (classification system followed b y classification symbols)
USPC 604/264

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
IPC(8) A61M1/00. A61B18/00 (2008 04)
USPC 604/268

Electronic data base consulted duπng the international search (name of data base and, where practicable, search terms used)

WEST (PGPB.USPT.USOC.EPAB.JPAB)
Google (Patents, Scholar, and Web)
Search Terms Used dermal fibroblast catheter myocardium vacuum glue peptide myocardial infarction liposome magnetic suction

C DOCUMENTS CONSIDERED T O B E RELEVANT

Category* Citation o t document, with indication, where appropriate, o f the relevant passages Relevant to claim N o

US 2006/0106442 A 1 (RICHARDSON e t a l ) 18 May 2006 (18 05 2006), entire document, 82,84-87,90-92,94,98,
especially para [0006], [0026], [0066J, [0067J, [0070]-(0074J, [0081], [0089], [0096], [0109], 105,107-1 10,1 13-1 15,
[0138], [0164], [0235], [0241] 117, 121

1-81 ,83,88,89,93,95-97,
99-104,106,1 11,1 12,1 16,
118-120,122-127

U S 2004/0230131 A 1 (KASSAB e t al ) 18 November 2004 (18 11 2004), para [0018], [0065], 1-51 ,72,73,80,93,1 16

[0066], [0086], [0089]

U S 2007/0003528 A 1 (CONSIGNY et al ) 4 January 2007 (04 0 1 2007), para [0036], [01 19]- 52-81 ,83,95-97,99-104,

[0124], [0245], [0279], [0289], [031 1] 106, 118-120, 122-127

17,18,23,33,34,46,47,75,

U S 2002/0091354 A 1 (NAVIA et a l ) 11 July 2002 ( 1 1 0 7 2002). para [0029] 76,81 .88.89 11 1,112

5,67

U S 2004/0018228 A 1 (FISCHELL e t al ) 29 January 2004 (29 0 1 2004), para [001 1], [0012],

[0228]
56,97,120

U S 2005/0048620 A 1 (WU e t a l ) 3 March 2005 (03 03 2005), para [0009]
59, 60,100,101 ,123,124

KELLER e t a l , Scaffold-Based Three-Dimensional Human Fibroblast Culture Provides a
Structural Matrix That Supports Angiogenesis In Infarct βd Heart Tissue Circulation (2001), VoI
104, pg 2063-2068, Abstract

I I Further documents are listed in the continuation o f Box C | |

♦ Special categories o f cited documents "P' later document published after the international filing date or priority
"A" document defining the general state ol the art which is not considered date and not in conflict with the application but cited to understand

to be o f particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on o i after the international "X" document of particular relevance, lhe claimed invention cannot b e
filing dale considered novel o r cannot b e considered to involve an inventive

"U document which may throw doubLs on priority cla ιm(s) or which is step when the document is taken alone

cited Io establish the publication date o l anolher citation or other "Y" document of particular relevance, the claimed invention cannot b e
special ic.ison (as specified) considered to involve an inventive step when the document is

"O' document referring to an oial disclosuic, use, exhibition or other combined with one or more other such documents, such combination
m e n being obvious to a person skilled in the art

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

Date o f the actual completion o f the international search Date oofl mmaaiilliinngg oofl tthhee iinntteermnaattiiocnal search report

28 August 2008 (28 0 8 2008) 08 SEP 2008

Name and mailing address o l the ISA/US Authorized officer

Mail Stop PCT Attn ISA/US, Commissioner for Patents Lee W . Young
P O Box 1450, Alexandria. Virginia 22313-1450

PCTHalpd θs 571-272-4300
Facsimile N o 571-273-3201

Form PCT/lSA/210 (second sheet) (April 2007)


	front-page
	description
	claims
	drawings
	wo-search-report

