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(57) Abstract: An injector (10) for delivering an injectate into the myocardium of the heart may be implemented as a catheter (20)
or a handheld unit. The injector includes a body, a stabilizer (30) secured to a distal end of the body, and a needle (60) that may be
controllably advanced from the distal end of the body. The stabilizer stabilizes the distal end of the body relative to the myocardi-
um while the heart beats. An enlarged region disposed along the needle prevents the needle from being advanced into the my-
ocardium beyond a desired penetration depth. To make an injection, the physician brings the distal end of the body in proximity to
the myocardium, actuates the stabilizer to stabilize the distal end relative to the myocardium, and advances the needle into the my-
ocardium. Advancement of the needle is impeded by the enlarged region, thereby placing the needle tip at the desired penetration
depth for the injection.
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TITLE OF THE INVENTION
Appa'ratl,is and method for controlled depth of injection into myocardial tissue
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application Serial
No. 61/123,661, filed April 10, 2008, which hereby is incorporated herein in its
entirety by reference thereto.

BACKGROUND OF THE INVENTION
[0001] Field of the Invention

[0002] . The present invention relates to the treatment of cardiac
conditions, and more particularly, to apparatus and methods for controlling

depth of injection into myocardial tissue.
[0003] Description of Related Art

[0004] Heart failure (“HF”) is generally defined as a change in the
pumping function of the heart accompanied by typical signs or symptoms.
Heart failure is a progressive disorder whereby the hemodynamic and
symptomatic states of the patient worsen over time despite the absence of
clinically apparent adverse events. The symptomatic deterioration is often
accompanied by progressive left ventricular (“LV”) chamber remodeling.

[0005] ‘Preventing or reversing remodeling has emerged as desirable in
the treatment of cardiomyopathy. Cardiomyopathy is a general term for
disease of heart muscle regardless of the underlying etiology, which may be,
for example, ischemic, hypertensive, dilated, hypertrophic, infiltrative,
restrictive, viral, postpartum, valvular, or idiopathic. Cardomyopathy typically

results in heart failure,

[0006] Myocardial infarction (“MI") is a medical emergency in which
some of the heart's blood supply is suddenly and severely reduced or cut off,

causing the myocardium to die because it is deprived of its oxygen supply. A
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myocardial infarction may progressively advance into heart failure. Scar tissue
formation and aneurysmal thinning of the infarct region often occur in patients
who survive myocardial infarctions. It is believed that the death of
cardiomyocytes results in negative left ventricular (LV) remodeling which leads
to increased wall stress in the remaining viable myocardium. This process
results in a sequence of molecular, cellular, and physiological responses which
lead to LV dilation. Negative LV remodeling is genérally considered an
independent contributor to the progression of heart failure.

[0007] Mitral regurgitation (“MR") is incompetency of the mitral valve
causing flow from the left ventricle (LV) into the left atrium during systole.
Common causes include mitral valve prolapse, ischemic papillary muscle
dysfunction, rheumatic fever, and annular dilation secondary to LV systolic

dysfunction and dilation. MR may lead to heart failure.

[0008] At the present time, the most effective treatmenf for patients in
end-sfage heart failure is heart transplantation. However, given the chronic
shortage of donor hearts, alternate strategies are needed to improve the lives
of those with heart failure. Moreover, transplantation is not the most suitable
treatment option for patients with milder forms of the disease. Other treatment
approaches include the delivery of drugs to the site of action through the
bloodstream, and the injection of cells into ischemic myocardium to improve
cardiac function. An example of an approach for treating cardiovascular
problems with an intramyocardial scaffold is disclosed in United States Patent
Application Publication No. 2005/0271631, published December 8, 2005 in the
name of Lee et al. and entitled “Material compositions and related systems and

methods for treating cardiac conditions.”

[0009] - One of the approaches described in the Lee Published Patent
Application uses a needle to inject the material that forms the intramyocardial
scaffold into the myocardium. Care should be taken to ensure that the needle

use for the injection is placed at an appropriate depth in the myocardium.

SUMMARY OF THE INVENTION
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[0010] Despite care taken by a physician, it is possible that a needle
used for an intramyocardial injection may penetrate too shallowly or too deeply
into the myocardium, or even puncture the myocardium. This and other
disadvantages of prior injection techniques are overcome by the present
invention. Additional improvements and advantages may be recognized by

those of ordinary skill in the art upon study of this disclosure.

[0011] One embodiment of the invention is an apparatus for
administering an injectate into myocardial tissue of a heart of a patient,
comprising a body having a distal portion; a stabilizer disposed at the body
distal portion for stabilizing the body distal portion relative to the myocardial
tissue; a neédle; and a lumen disposed in the body for receiving the injectate.
The needle, which is controllably extendable distally from the body distal
portion, comprises a needle tip and an enlarged region disposed along the
needle a predetermined distance from the needle tip for limiting penetration of
the needle into the myocardial tissue to a predetermined penetration depth
during distal extension. The needle further comprises an injection port distal of
the enlarged region, the lumen being in fluid communication with the injection

port through the needle.

[0012] Another embodiment of the invention is a method for
administering an injectate into myocardial tissue of a heart in a body of a
patient, comprising advancing a distal portion of a body into proximity with the
myocardial tissue; stabilizing the body distal portion relative to the myocardial
tissue; advancing a needle from the stabilized body distal portion into the
myocardial tissue until impeded by an enlarged region disposed along the
needle at a predetermined distance from a tip thereof; and administering the
injectate into the myocardial tissue from an injection port in the needle distal of
the enlarged region. The injectate penetrates into the myocardial tissue at a

predetermined distance from an epicardial or endocardial surface of the heart.

[0013] Another embodiment of the present invention is a method for
administering an injectate into myocardial tissue of a heart in a body of a
patient, comprising advancing a distal end of a catheter body through a thoracic

cavity into proximity with an epicardial surface of the myocardial tissue;
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stabilizing the distal end of the catheter body relative to the myocardial tissue;
advancing a needle from the stabilized distal end of the catheter body into the
myocardial tissue until impeded at the epicardial surface by an enlarged region
disposed along the needle at a predetermined distance from a tip thereof, to
achieve a predetermined penetration depth; and administering the injectate into
the myocardiél tissue from the tip of the needle. The injectate penetrates into

the.myocardial tissue at the penetration depth.

[0014] Other features and advantages of the inventions will become
apparent from the following detailed description and from the claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0015] Figure 1 is a perspective view of an exemplary implementation of

an injector apparatus.

- [0016] Figure 2A is a partial cross-section view of a distal portion of an
exemplary implementation of the injector apparatus of Figure 1 in a first

operational position.

[0017] Figure 2B is a partial cross-section view of a distal portion of an
exemplary implementation of the injector apparatus of Figure 1'in a second

operational position.

[0018] Figure 2C is a partial cross-section view of a distal portion of-an
exemplary implementation of the injector apparatus of Figure 1 in a in a third

operational position.

[0019] Figure 2D is a partial cross-section view of a distal portion of an
exemplary implemen’tatibn of the injector apparatus of Figure 1 in a in a fourth
operational position.

[0020] Figure 2E is a partial cross-section view of a distal portion of an
exemplary implementation of the injector apparatus of Figure 1 in a in a fifth

operational position.
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[0021] Figuré 3A is a longitudinal cross-section view of a distal portion of
the exemplary implementatibn of the injector apparatus of Figure 1.

[0022] Figure 3B is a plan view from plane 3A-3A of the distal portion of
the exemplary implementation of the injector apparatus of Figure 3A.

[0023] Figure 4 is a side plan view of a portion of an alternative
implementation of an injeétor needle and stop.

[0024] The Figures are to facilitate explanation of the present invention.
The number, position, relationship and dimensions of the parts shown in the
Figures to form the various implementations described herein, as well as
dimensions and dimensional proportions to conform to specific force, weight,
strength, flow ahd similar requirements, are explained hereih or are
understandable to a person of ordinary skill in the art upon study of this
disclosure. Where used in various Figures, the same numerals designate the

same or similar parts. Furthermore, when the terms "top,'" "bottom," "right,"”

"left," "forward," "rear," "first," "second," "inside," "outside," and similar terms
are used, the terms should be understood in refe.rence to the orientation c_>f the
structures shown in the drawings and utilized to facilitate understanding.
Similarly, when the terms "proximal,” "distal," and similar positional terms are
used, the terms should be understood in reference to the structures shown in

the drawings and utilized to facilitate understanding.

DETAILED DESCRIPTION OF THE INVENTION, INCLUDING THE BEST
MODE

[0025] An injector apparatus and associated methods for safely and
repeatedly delivering an injectate at a predefined depth into the myocardium of
the heart are described herein. The injector may be catheter-based or
implemented in a handheld unit for use in open chest procedures. The
catheter-based injector apparatus includes a catheter body, a stabilizer se-cured
to a distal end of the catheter body for stabilizing the distal end of the catheter
relative to the myocardium, and a needle that may be controllably advanced
from the distal end of the catheter body into the myocardium. The stabilizer

employs any suitable technique for stabilizing the distal end of the catheter

—-5—



WO 2009/126323 PCT/US2009/002269

body relative to the myocardium while the heart is in motion from systolic and
diastolic cardiac movements. An enlarged region of the needle functions as a
stop to prevent the needle from being advanced into the myocardium beyond a
desired penetration depth. To make an injection, the physician advances the
distal end of the catheter in prokimity to the endocardium or the epicardium
using any suitable technique, actuates the stabilizer to stabilize-the distal end
relative to the myocardium; and advances the needle into the myocardium.
Advancement of the needle into the myocardium is impeded by the enlarged
region, thereby placing the needle tip at the desired penetration depth and
avoiding puncturing of the heart. The injection is then made, illustratively

" through one or more injection ports at the needle tip and/or in the sidewall of
the needle distal of the enlarged region. After the injection is completed, the
needle and catheter are removed.

[0026] | The injector apparatus is suitable for any injectate that can pass
through one or more lumen. Examples of suitable injectates include
biologically compatible single or multiple component polymers, polymer-based
beads, and polymer hydrogels, which may be injected to provide a therapeutic
wall support or tissue engineering scaffold within the heart, or to induce
angiogenesis, or to recruit cells, or to prevent apoptosis to expedite myocardial
repair or reconstruction. Suitable polymers include fibrin glue, collagen,
alginates, polyethylene glycol (“PEG"), and chitosan. The polymers may
consist of only polymer material, or may include cells such as stem cells,
fibroblasts, or skeletal cells; 'prdteins, plasmids, or genes; growth factors in
either protein or plasmid form; chemo-attractants; fibrin factor (or fragment) E;
RDG binding sites; various pharmaceutical compositions; neo-tissues; or other

therapeutically beneficial materials; or any combination of the foregoing.

[0027] Depending on the therapeutic effect sought, the injection may be
to a single location in the myocardium, or to multiple sites in a pattern.
Patterned multiple site injection is described in US Patent Application
Publication No. 2008/0065048 published March 13, 2008 (Sabbah et al.,
Intramyocardial Patterning for Global Cardiac Resizing and Reshaping), which
hereby is incorporated herein in its entirety by reference thereto.
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[0028] The Figures referenced herein generally illustrate various
exemplary implementations of the injector apparatus and injection methods.
‘These illustrated implementations are not meant to limit the scope of coverage,
but rather to assist in understanding the context of the language used in this
specification and in the claims. Accordingly, variations of the injector apparatus
and injection methods that differ from the illustrated implementations may be

encompassed by the appended claims, which alone define the invention.

[0029] Figure 1 illustrates by broken perspective view an implementation
of a catheter-based injector apparatus 10. The injector apparatus 10 includes a
catheter body 20 secured to a handle 410. The catheter body 20 defines a

- catheter body distal end 22 and a catheter body proximal end 28, and the
catheter body proximal end 28 is secured to the handle 410. The catheter body
distal end 22 includes a fixation structure 30. For purposes of illustration, the |
fixation sfructure 30 is shown as extending forth from the catheter body distal
end 22, although the fixation structure 30 may be withdrawn into the catheter
body 20 as the catheter body distal end 22 is navigated to the injection site
500. Preferably, the catheter body distal end 22 is atraUmatic in order to be
navigable through various bodily passages to an injection site 500 (Figure 2C).

[0030] As further shown in Figure 2C, the fixation structure 30 may
include portions configured as a helix designed to be affixed to tissue 520
generally proximate the injection site 500 by being screwed into the tissue 520
(Figure 2).

[0031] In the illustrative implementation of Figure 1, the catheter body
proximal end 28 is secured to handle 410, which allows the physician to
manipulate the catheter body 20 in order to direct the catheter body distal end
22 to the injection site 500. As illustrated, a drive shaft 40 may engage a driver
knob 420, which is rotatably secured to the handle 410. The drive shaft 40
cooperates with the fixation structure 30 and with the driver knob 420 to allow
the physician to screw the fixation structure 30 into the tissue 520 by rotation of
the driver knob 420 to a fixation depth 180. Accordingly, various gears and
other mechanical features as would be recognized by those of ordinary skill in
the art upon study of this disclosure may be provided about the handle 410
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and/or about the catheter body 20 so that the fixation structure 30 may ,
cooperate with the driver knob 420 via the drive shaft 40.

[0032] One or more ports 430 may be placed about the handle 410
and/or the catheter body 20 generally proximate the catheter body proximal
end 28. The ports 430 communicate with various lumens within the catheter
body 20 to allow, for example, for the introduction/withdrawal of guidewire(s)
and/or introduction of injectate.

[0033] Figures 2A to 2E show portions of the illustrative injector
“apparatus 10 at the catheter body distal end 22 in various operational
conditions. As illustrated in Figure 2A, the catheter body 20 defines a catheter
body outer wall 24 and a catheter body inner wall 26, and a catheter body
lumen 25 is defined by the cétheter body inner wall 26. As illustrated, the drive ;
shaft 40 defines a drive shaft outer wall 44 and a drive shaft inner wall 46, and |
a drive shaft lumen 45 is define‘d by the drive shaft inner wall 46. The drive
shaft 40 is rotatably received within the catheter body lumen 25 to allow the
physician to screw the fixation structure 30 into tissue 520 generally proximate .
the injection site 500. Portions of the drive shaft 40 may be biased against the
catheter body inner wall 26, support structures may be placed along the length
of the catheter body lumen 25 to support rotatably the drive shaft 40 within the
catheter body lumen 25, and/or the drive shaft 40 may be otherwise mounted
within the catheter body lumen 25 to be rotatable in ways readily recognizable

by those of ordinary skill in the art upon study of this disclosure.

[0034] A fixation structure proximal end 38 of the fixation structure 30is
secured to the drive shaft distal end 42 of the drive shaft 40. The drive shaft
distal end 42 is positioned between at least a drive shaft first position 47
(Figure 2A) and a drive shaft second position 49 (Figure 2B) in order to position
the fixation structure 30 between at least a first fixétion structure position 137
and a second fixation structure position 139. In the drive shaft first position 47,
as illustrated in Figure 2A, the fixation structure 30 is in the first fixation
structure position 137 wherein the fixation structure 30 is contained within the
outer b'ody lumen 25 generally proximate the catheter body distal end 22 in
order to allow the catheter body distal end 22 to be advanced through bodily
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passages. The drive shaft 40 may cooperate with a stabilizer position control
442 in the handle 410 in various implementations. For example, the driver
knob 420 may be used as the stabilizer position control 442, so that pushiﬁg

~ the driver knob 420 in the distal direction would position the drive shaft distal
end 42 in the drive shaft second position 49 and pulling the driver knob 420 in
the proximal direction would retract the drive shaft distal end 42 into the drive
shaft first position 47 and correspondingly position the fixation structure 30
between the first fixation structure position 137 and the second fixation

structure position 139.

[0035] The fixation structure 30 illustratively includes a helix 31, the
interior annular surface of which defines an internal passage 35 about axis 39.
The fixation structure 30 including the helix 31 may be made of any suitable
material, incAIuding metals such as a platinum iridium alloy. The fixation
structure proximal end 38 may be secured to the drive shaft distal end 42 in
any desired manner. A distal portion of the fixation structure 30 illustratively
defines a fixation structure tip 32. The fixation structure tip 32 may be
sharpened and/or otherwise configured to penetrate the tissue 520 as the
fixation structure 30 is rotated in order to draw the fixation structure 30 into the
tissue 520. Counterclockwise rotation of the fixation structure 30 draws the
fixation structure 30 into the tissue 520, and a clockwise rotation would release
the fixation structure 30 from the tissue 520. In other implementations, the
helix 31 may be reversed, so that a clockwise rotation draws the fixation
structure 30 into the tissue 520 and a counterclockwise rotation releases the

fixations structure 30 from the tissue 520.

[0036] As further illustrated in Figure 2A, the injector apparatus 10
includes an injector needle 60 that has an injector needle tip 62 and an injector
needle proximal end 68. The position of the injector needle 60 relative to the
catheter body distal end 22 may be varied between at least a first injector
needle position 67 and a second injector needle position 69 (Figure 2E). The
position of the injector needle 60 relative to the fixation structure 30 is varied as
the injector needle 60 is alternated between the first injector needle position 67
and the second injector needle position 69. For example, the injector needle tip

—9-



WO 2009/126323 PCT/US2009/002269

62 may be well proximal of the fixation structure tip 32 with the injector needle
60 in the first injector needle position 67, and near to the fixation structure tip
32 (even with or proximal of or distal of) with the injector needle 60 in the
second injector needle position 69.

[0037] In the first injector needle position 67, the injector needle 60 may
reside within the catheter body lumen 25, as illustrated in Figure 2A, with the
injector needle tip 62 generally within the catheter body lumen 25 proximal of
the catheter body distal end 22 and proximal of the fixation structure tip 32.

The injector needle 60 in the first injector needle position 67 may be generally
-proximate the catheter body distal end 22 as illustrated in Figure 2A, wherein
the injector needle 60 in the first injector needle position 67 is located within the
drive shaft «Iurhen 45. In other implementations, at least a portion of the injector
needle 60 may reside within internal passage 35 of the fixation structure 30. |

[0038] The injector needle 60 may cooperate with an injector needle
position control 444 in the handle 410 in various implementations. For example,
the injector needle position control 444 (Figure 1) may be configured as a
sliding button 446 on the handle 410 that slides generally in a proximél-distal
orientation along the handle 410. Sliding the sliding button 446 in the distal
direction positions the injector needle 60 in the injector needle second position
69, while sliding the sliding button 446 in the proximal direction retracts the
injector needle 60 into the injector needle first position 67. The injector needIeA
60 has an injector needle lumen 65 (’Figure 3A) in communicafion between an
injector needle proximal end 68 and the injector needle tip 62 to. communicate
injectate from the injector needle proximal end 68 to the injector needle tip 62
for injection into tissue 520. The injector needle 60 may be made, for example,
of steel or other metals or metal alloys.

[0039] Figure 2B illustrates the drive shaft distal end 42 in the second
position 49. The fixation structure 30 is correspondihgly positioned in the
second fixation structure poéition 139, in which at least a portion of the fixation
structure 30 emerges from the catheter body lumen 25. As shown in Figure
2C, the fixation structure 30 rotatably emerges from the catheter body lumen 25
so that the fixation structure tip 32 may penetrate tissue 520 proximate the
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injection site 500. The fixation structure tip 32 may be biased against the tissue
520 and the drive shaft 40 rotated to rotate the fixation structure 30 and screw
the fixation structure 30 into the tissue 520 to the fixation depth 180 (Figure
2D). In other implementations, the fixation structure-30 may be alternated
between the first fixation structure position 137 and the second fixation
structure position 139 in other ways, as would be recognized by one of ordinary
skill in the art upon study of this disclosure. In still other implementations, the
fixation structure 30 may be generally fixed in the second fixation structure
position 139. Various implementations may omit the drive shaft 40, and the
fixation structure 30 may be rotated by, for example, rotation of the catheter
body.20 to d,raw-t_he fixation structure 30 into the tissue 520 to the fixation depth
180. The fixation structure 30 may be rotated in other ways in order to
peﬁetraté into the tissue 520 to the fixation depth 180, as would be recognized -
by one of ordinary skill in the art upon study of this disclosure. '

[0040] At least a portion of the fixation structure 30 penetrates into the
tissue 520 to the fixation depth 180 sufficient to anchor the injector apparatus
10 to the tissue 520 proximate the injection site 500. The fixation structure 30
may penetrate into the tissue 520 until the catheter body distal end 22 is drawn
into and biased against the tissue 520, or as shdwn in Figures 2C-2E, the
fixation structure 30 may penetrate into the tissue 520 to a lesser degree such
that the catheter body distal end 22 remains spaced away from the tissue 520.
- In either case, the catheter body distal end 22 is fixed with respect to the tissue
520.

[0041] ~ Asillustrated in Figure 2D, an injector needle 60 lies generally
along the axis 39, and includes a stop 100 for limiting the penetration of the
injector needle into the tissue 520. The stop 100 is illustrated as a disc of a
size capable of passing through aperture 43 and through internal passage 35,
although a variety of other shapes and sizes are suitable for the stop 100. With
the fixation structure 30 fixed within the tissue 520 proximate the injection site
500 at the fixation depth 180 to anchor the catheter body proximal end 22 of
the catheter body 20, thé injector needle 60 is advanced distally from the
injector needle first position 67 to protrude through the aperture 43 and into the
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internal passage 35 defined by the helix 31 of fixation structure 30. The injector
needle 60 moves relative to the fixation structure 30 as the injector needle is
advanced from the injector needle first position 67. The injector needle 60 is
advanced relative to the catheter body distal end 22 and relative to the fixation
structure 30 to the second injecter needle position 69 (Figure 2E) wherein the
injector needle penetrates the myocardium until the stop engages the
epicardium/endocardium.

[0042] Figure 2E illustrates the injector needle 60 positioned in the
second injector needle position 69 to penetrate into the tissue 520 to a

~ penetration depth 170 regulated by the position of the stop 100 with respect to
- the injector needle tip 62. The distal face 102 of the stop 100 is blased against
the epicardium/endocardium 540 to regulate the penetration depth 170 of the.

| injector needie 60. The catheter body distal end 22 is fixed with respect to the
tissue 520 (in a spaced away position as shown). The penetration depth 170 of.
the injector needle 60 may be equal to, less than, of greater than the fixation |
depth 180 of the fixation structure 30. As illustrated, the injector needle tip 62

is generally at the same depth as the ‘fixation structure tip 32, but in other
implementations may be distal of the fixation structure tip 32 or proximal of the -
fixation structure tip 32, as desired. The penetration depth 170 to which the
injector needle 60 penetrates the tissue 520 is determined by the pbsition of the
stop 100 with respect to the injector needle tip 62, and is independent of the
fixation depth 180 to which the fixation structure 30 penetrates the tissue 520.

[0043] In the implementation of Figures 2A-2E, the injector needle 60 is
in fluid communication with an injector catheter 80. When the injector needle
60 is fully deployed, the distal end of the injector catheter 80‘ and the injector
needle proximal end 68 are proximal of the drive shaft distal end 42 and
proximal of the aperture 43. In other implementations, the injector catheter 80
may extend through the aperture 43 such that the injector catheter distal end
82 may lie generally within the internal passage 35, and the injector needle
proximal end 68 may be distal of the aperture 43 and may lie generally within

the internal passage 35 of the helix 31.

—-12 -



WO 2009/126323 PCT/US2009/002269

[0044] In the implementation of Figures 2A-2E, before deployment, the
injector needle 60 and the stop 100 are recessed behind the aperture 43.

~ Alternatively, the injector needle 60 may extend into the internal passage 35
behind the catheter body distal end 22. In such an alternative implementation,
the stop 100 may reside either behind or in front of the aperture 43. If the stop
100 need not pass through the aperture 43 during deployment of the injector
needle 60, it may be larger than the aperture 43 provided it may still pass
through the internal passage 35 of the helix 31.

[0045] Although the stabilizer used in the illustrative implementation of
Figures 2A-2E is a fixation structure, and more particularly, a fixatioh structure
that-includes portions configured as a helix 31 designed to penetrate tissue 520
generally proximate the injection site 500 by being screwed into the tissue 520,
other types of fixation structures and more generally, other types of stabilizers

may be used. A mechanical claw or a suction pad are alternatives.

[0046] A cut-away view of an illustrative implementation of the injectol
apparatus 10 is illustrated in Figure 3A and a transverse plan view is illustrated
in Figure 3B. As illustrated in Figure 3A, the proximal end 68 of the injector
needle 60 is secured to the distal end 82 of the injector catheter 80 so that the
injector needle lumen 65 is in communication with the injector catheter lumen
85. The injector needle 60 is generally aligned with axis 39. Stop 100 is
illustrated as having a disc-shaped configuration sized to pass through the

internal passage 35 defined by the fixation structure 30.

[0047] As shown in greater detail in Figure 3A, an injector catheter 80
defines an injector catheter lumen 85, an injector catheter distal end 82, and an
injector catheter proximal end (not shown). The injector catheter distal end 82
is secured to the injector needle proximal end 68 to communicate injectate into
the injector needle lumen 65. The injector catheter lumen 85 generally at the
injector catheter proximal end (see Figure 1) 'may communicate with port 430
on the handle 410 so that injectate may be communicated through port 430 into
the injector catheter lumen 85, and thence through the injector needle lumen 65
into the tissue 520 at the injection site 500. In other implementations, a
reservoir (not shown) may be located within the catheter body lumen 25 in
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communication with the injector catheter lumen 85 to communicate injectate
into the injector catheter lumen 85, and thence into the injector needle lumen
65, and the injectate may be delivered upon receipt of a signal communicated
from the handle 410 to the reservoir. In still another implementation, the
injector needle proximal end 68 may be located near the reservoir so that the
reservoir may communicate substantially directly with the injector lumen 65.
Where the injectate is a multiple component injectate, the injector catheter
lumen 85 may be é dual lumen (two lumen arranged side-by-side or coaxially)
which communicate with respective ports on the handle 410. The components
may mix befqre passing into the injector_ catheter lumen 85, or may pass into
respective lumen within the injector needle 60 and mix within the tissue 520
after injection theréin.

'[0048] As furthef shown in Figuré 3A, the stop 100 extends
circumferentially about a portion of the injector needle 60 to limit the
penetration of the injector needle 60 into the tissue 520. In the illustrative
implementation of Figure 3A, the stop 100 has a distal face 102 and a proximal
face 108. The stop 100 is sized to pass through the aperture 43 and internal
passage 35. ) o

[0049] As shown in Figure 3B, the injector needle 60 and the stop 100
pass through the aperture 43 defined by the drive shaft distal end 42 of the
drive shaft 40, and through the internal passage 35 defined by the helix 31 and
generally along the axis 39. With the injector needle 60 in the injector needle
second position 69, the distal face 102 of the stop 100 is biased against the
epicardium/endocardium 540 to establish the penetration depth 170 and to
prevent further penetration of the injector needle 60 into the myocardial tissue
520.

[0050] The stop 100 may be secured in any desired manner to the
injector needle 60 at a specific location with respect to the injector needle tip
62, and the location may be fixed or variable. Fixation may be achieved in any
desired manner, such as, for example, by welding or gluing. Moreover, the
stop 100 may be implemented by a thickened region of the injector needle
itself. In implementations having a variably positionable stop, the stop may be
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secured to the injector needle 60 by, for example, a set screw or set nut (not
shown) to allow adjustment of the location of the stop with respect to the
injector needle tip 62.

[0051] Figure 3B illustrates the injector needle 60 generally aligned with
axis 39 to allow the stop 100 to pass through the aperture 43 and through the
internal passage 35. The stop 100, as illustrated, is sized to pass through the

internal passage 35.

[0052] Although shown as a catheter in Figures 2A-2E and Figures 3A-
3B, the injector catheter lumen 85 may be implemented in other ways. An
illustrative alternative implementation is as a bore through a core of the
catheter body, with a deployment mechanism for the injector needle 60 being
provided within the drive shaft diigl‘,tal end 42. '

[0053] The stop 100 may be made in a variety of different shapes, ]
including, for example, generally disc-shaped, generally spherical, generally
ellipsoidal, generally oblate spheroidal, or any other shape that is suitable for
passing through the internal passage 35 without being entrapped by the helix
31, and that is effective for limiting. the penetration of the injector needle 60 into
the tissue 520. Figure 4 shows an alternative illustrative implementation of an
injector needle 260 that includes a stop 280 and injection ports 165. The
injection ports 165 are located along the injector needle 260 between the
injector needle tip 262 and the stop 280. Injectate may be introduced into the
tissue 520 through the injection ports 165 as well as through the injector needle
tip 262 in order to disperse injectate into the tissue 520 generally throughout
the penetration depth 170. The stop 280, as illustrated, has a generally
spherical shape, to facilitate passage of the stop 280 through the internal
passage 35 without being caught on portions of the helix 31.

[0054] An illustrative method of administering an injection into the
myocardial tissue 520 through the epicardium using the injector apparatus 10 is
as.follows. The catheter body 10 is inserted into the thoracic cavity with the
fixation structure 30 in a first fixation structure position 137 contained within the

catheter body lumen 25. The catheter body distal end 22 is navigated through

—15-



WO 2009/126323 PCT/US2009/002269

the thoracic cavity and through an opening in the pericardial sac until generally
proximate the injection site 500 on the epicardium 540. When the catheter
body distal end 22 is positioned proximate the epicardium 540, the fixation
structure 30 is deployed from the first fixation structure position 137 to the
second fixation structure position 139. This may be accomplished by

" positioning the drive shaft 40 from the first drive shaft position 47 to the second
drive shaft position 49. The fixation structure tip 32 is brought into engagement
with the epicardium 540, and then the fixation structure 30 is rotated so that the
fixation structure 30 penetrates into the tissue 520. The fixation structure
proximal end 38 of the fixation structure 30 is engaged with the drive shaft 40
so that the fixation structure 30 is rotated by rotation of the drive shaft 40. The
fixation structu_re 30 is rotated until the fixation structure penetrates into the
tissue 520 in an amount sufficient to secure the catheter body distal end 22 to
the tissue 520. Then, the injector needle 60 is advanced from the first injecto}
needle position 67 to the second injector needle position 69, so that the injector..
needle 60 penetrates the tissue 520 to the penetration depth 710 from the
injector needle tip 62 to the stop 100. The injectate is then delivered into the -
tissue 520 through the injector needle 60.

[0055] After delivery of the injectate, the injector needle 60 is retracted to
the first injector needle position 67 in order to withdraw the injector needle 60
from the tissue 520. The fixation structure 30 is then rotated to withdraw the
fixation structure 30 from the tissue 520, and the fixation structure 30 is then
retracted from the second fixation structure position 139 to the first fixation
structure position 137. The catheter body 20 is then withdrawn from the
thoracic cavity. Alternatively, the catheter body distal end 22 may be
redeployed genérally proximate another injection site 500 along the epicardium
540 to deliver an injection of injectate at that injection site 500. As part of
redeploying the catheter body distal end 22 at one or more additional injection
sites 500, these operations or combinations or subcombinations thereof may be
repeated. Repeatedly redeploying the catheter over a number of injection sites
500 delivers a number of injections of injectate at a number of injection sites

500 along the epicardium 540.
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[0056] Various controls may be arranged about the handle 410 and/or
other portions of the injector apparatus 10 to aid the physician in directing the
catheter body distal end 22 to the epicardium/endocardium 540, to position the
fixation structure 30 between the first fixation structure position 137 and the
second fixation structure position 139, to position the injector needle between
the first injector needle position 167 and the second injector needle position
169, and to cause the injectate to be delivered to the tissue 520 through the
injector needle 60. Suitable controls would be known to one of ordinary skill in
the art upon study of this disclosure.

[0057] = The various exemplary implementations described herein are
iIIustratiVé'.g'f the invention. Variations and modifications of these
implementations are possible, and practical alternatives to and equivalents of
the various elements of the embodiments are contemplated. These and othe(_'
variations and modifications of the implementations disclosed herein may bér
made without departing from the scope and spirit of the invention; as set forth
in the following claims.

-17 -



WO 2009/126323 PCT/US2009/002269

WHAT IS CLAIMED IS

1. An apparatus for administering an injectate into myocardial tissue of

a heart of a patient, comprising:
a body having a distal portion;

a stabilizer disposed at the body distal portion for stabilizing the body
distal portion relative to the myocardial tissue;

a needle controllably extendable distally from the body‘distal portion, the
needle comprising a needle tip and an enlarged region disposed
along the needle a predetermined distance from the needle tip for
limiting penetration of the needle into the myocardial tissue to a
predetermined penetration depth during distal extension, and
further comprising an injection port distal of the enlarged region:.

and

a lumen disposed in the body for receiving the injectate, the lumen being

in fluid communication with the injection port through the needle.

2. The apparatus of claim 1 wherein the stabilizer comprises a vacuum

pad.
3. The apparatus of claim 1 wherein the stabilizer comprises a claw.

4. The appératus of claim 1 wherein the stabilizer comprises a helix
adapted to be screwed into the myocardial tissue to a fixation depth, the
penetration depth of the needle being independent of the fixation depth of the
helix.

5. The apparatus of claim 1 further compriéing a control mechanism for
controllably retaining the needle tip in an atraumatic retracted position within
the body distal portion, and extending the needle tip distally from the body
distal portion. |

6. The apparatus of claim 1 wherein the enlarged region is adjustably
disposed with respect to the needle tip along the needle for setting the

predetermined distance from the needle tip.
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7. The apparatus of claim 1 wherein the body is a catheter body and the
distal portion is a distal end of the catheter body.

8. The apparatus of claim 7 wherein the stabilizer comprises a helix
adapted to be screwed into and out of the myocardial tissue, further

comprising:
a handle secured to a proximal end of the catheter body;
a driver knob mounted on the hanqle; and

a drive shaft extending through the catheter body and having a proximal
end coupled to the driver knob and a distal end coupled to the
helix for controllably rotating the helix upon manipulation of the
driver knob between an atraumatic retracted position within the
body distal portion and an extended position. |

9. The apparatus of claim 8 further comprising:

a slider mounted on the handle; and

an injector catheter having a proximal end coupled to the slider and a
distal end coupled to the needle for controllably positioning the
needle tip between an atraumatic retracted position within the

body distal portion and an extended position.

10. The apparatus of claim 1 wherein the body is a handheld unit and

the distal portion is a projecting surface of the handheld unit.

11. The apparatus of claim 1 wherein the injection port is disposed at
the needle tip.

12. The apparatus of claim 1 wherein the injection port is disposed in a
sidewall of the needle.

13. -The apparatus of claim 1 wherein the injection port is disposed at
the needle tip, further comprising a plurality of additional injection ports
disposed along a sidewall of the needle distal of the enlarged region. -

14. The apparatus of claim 1 wherein:
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the injectate comprises a first injectable component and a second
injectable component; and

the lumen comprises a first lumen member for receiving the first
injectable component, and a second lumen member for receiving

the second injectable component;

the injection port being in fluid communication with the first lumen
member and the second lumen member.

15. The apparatus of claim 1 further comprising:

an additional injection port distal of the ehlarged region;

wherein the injectate comprises a first injectable component and a

second injectable component;

wherein the lumen comprises a first lumen member for receiving the first
injectable component, and a second lumen member for receiving

the second injectable component;

wherein the injection port is in fluid communication with the first lumen

member; and
wherein the additional injection port is in fluid communication with the
second lumen member.
16. A method for administering an injectate into myocardial tissue of a
heart.in a body of a patient, comprising:

advancing a distal portion of a body into proximity with the myocardial
tissue;

stabilizing the body distal poftion relative to the myocardial tissue;

advancing a needle from the stabilized body distal portion into the
myocardial tissue until impeded by an enlarged region disposed

along the needle at a predetermined distance from a tip thereof,

and

administering the injectate into the myocardial tissue from an injection

port in the needle distal of the enlarged region, wherein the
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injectate penetrates into the myocardial tissue at a predetermined
distance from an epicardial or endocardial surface of the heart.

17. The method of claim 16 further comprising:
retracting the needle from the myocardial tissue;

ceasing stabilization of the body distal portion relative to the myocardial

tissue; and

withdrawing the distal portion of the body from proximity with the

myocardial tissue.

18. The method of claim 17 comprising repeating the stabilizing,
advancing, administering, retracting, and ceasing stabilization steps for a

plurality of different locations in the myocardial tissue.

19. A method for administering an injectate into myocardial tissue of a
heart in a body of a patient, comprising:
advancing a distal end of a catheter body through a thoracic cavity into
proximity with an epicardial surface of the myocardial tissue;

stabilizing' the distal end of the catheter body relative to the myocardial

tissue;

advancing a needle from the stabilized distal end of the catheter body
into the myocardial tissue until.impeded at the epicardial surface
by an enlarged region disposed disposed along the needle at a
predetermined distance from a tip thereof, to achieve a

predetermined penetration depth; and

administering the injectate into the myocardial tissue from the tip of the
needle, wherein the injectate penetrates into the myocardial

tissue at the penetration depth.

20. The method of claim 19 wherein:

the stabilizer comprises a helix; and
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the actuating step comprises screwing the helix into the myocardial
tissue to a fixation depth, the penetration depth of the needle
being independent of the fixation depth of the helix.
21. The method of claim 20 further comprisingf
retracting the needle from the myocardial tissue;

unscrewing the helix from the myocardial tissue; and

withdrawing the distal end of the catheter body from proximity with the
epicardial surface.
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1. An apparatus for administering an injectate into myocardial tissue of a heart

of a patient, comprising:
a body having a distal portion;

a stabilizer disposed at the body distal portion for stabilizing the body distal
portion relative to the myocardial tissue;

a needle controllably extendable distally from the body distal portion, the needle
comprising a needle tip and an enlarged region disposed along the
needle a predetermined distance from the needle tip for engaging the
myocardial tissue during distal extension to limit penetration of the needle
into the myocardial tissue to a predetermined penetration depth, and
further comprising an injection port distal of the enlarged region; and

a lumen disposed in the body for receiving the injectate, the lumen being in fluid
communication with the injection port through the needle.
2. The apparatus of claim 1 wherein the stabilizer comprises a vacuum pad.

3. The apparatus of claim 1 wherein the stabilizer comprises a claw.

4. The apparatus of claim 1 wherein the stabilizer comprises a helix adapted to
be screwed into the myocardial tissue to a fixation depth, the penetration depth of the
needle being independent of the fixation depth of the helix.

5. The apparatus of claim 1 further comprising a control mechanism for
controllably retaining the needle tip in an atraumatic retracted position within the body
distal portion, and extending the needle tip distally from the body distal portion.

8. The apparatus of claim 1 wherein the enlarged region is adjustably disposed
with respect to the needle tip along the needle for setting the predetermined distance

from the needle tip.

AMENDED SHEET (ARTICLE 19)



WO 2009/126323 PCT/US2009/002269

1/5

22
-30




WO 2009/126323 PCT/US2009/002269

2/5

25 24
45 42 20 ‘

Q (-
///////A(//////// 2K 77707777 777, ¥ 10

102 @7

LA
S0y
‘ 62—?7/

80 g2 100 43 -
38 :
SRR
40 47 30 137

Fig. 2A

24 |
45 44 45 42( 26 10

///////A(///Y/ // L 30
ANAANNARRNARRNRRNAR

/
65 61007 §
Lo ) o

..z_
100 62
82 38

40 49 25

Fig. 2B



WO 2009/126323 PCT/US2009/002269

3/5 0

45 44 46 42 99
/

L T 77 //f'//,
AAANANANNRNRARRNRNRARNZN

102
68 108 43E
AL

\-)\

Pon

40 24 49 25 26

Fig. 2C
10
/
45 44 45 (% 20 >>(/ o
IS IIIS OIS I 139 |
\\\\\\\\\)\\\\\
\ | 82 43 )
80 6838/ |
)
22 311 L ?L\\,520

40 24 49 25 26

Fig. 2D



WO 2009/126323

4/5

PCT/US2009/002269

/1 0
I L U i oy S PR
K A ///////////,
\\\)\\\\\\\\ NANNNZN 2
82 43
\ NN
( —
—
8%) 6838/
SOOI\ A‘\ 170
40 24 49 25 26

Fig. 2K



WO 2009/126323 PCT/US2009/002269

5/5 o

40 49

, 46 44 / 22 3B*—|
X T 777777,

SSSSSSSSSSN 30
- 30 35 30
\ 80 8 108

\ @ ™39

{ ¢ 60
: > 2

¢ Y 1 \-62

) o 65

85 43@!7 100 170
102
SCOOCOCCSSSSSSSSSN) | Y
3B<J

20
\

24 42 25 26

Fig. 3A




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/002269

A. CLASSIFICATION OF SUBJECT MATTER

INV.

A61M25/00

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61M

Documentation searched other than minimum documentation to the extent that such documents are included in the fizlds searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2002/177772 Al (ALTMAN PETER A [US] ET 1-15
AL) 28 November 2002 (2002-11-28)
abstract
figures 1,3,3a,3b,12,14,20
paragraphs [0070], [0073], [0079],
[0106], [0109]
A WO 02/24248 A (KENSEY NASH CORP [US]; 1-15
EVANS DOUGLAS G [US]; NASH JOHN E [US];
HOGANSO) 28 March 2002 (2002-03-28)
abstract
figures 1-22
A US 5 419 777 A (HOFLING BERTHOLD [DE1I) 1-15
30 May 1995 (1995-05-30)
abstract
figures 1-5

D Further documents are listed in the continuation of Box C.

See patent family annex,

* Special categories of cited documents :

*A" document defining the general stale of the art which is not
considered to be of particular relevance

‘E" earlier document but published on or after the intemnational
filing date

*L* document which may throw doubts on priority claim(s) or
which Is cited to establish the publication date of another
citation or other special reason (as specified)

'O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

e

s

"y

%

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

docurent of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document Is combined with one or more other such docu~
;nerrlns, such combination being obvious to a person skilled
n the art.

document member of the same patent family

Date of the actual completion of the international search

28 May 2009

Date of mailing of the International search report

04/06/2009

Name and mailing address of the 1ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel (+31-70) 340-2040,
Fax: (+31-70) 340~3016

Authorized officer

Tiirkavci, Levent

Form PCT/SA/210 (second shest) (April 2005)




International Application No. PCT/US2009 /002269

FURTHER INFORMATION CONTINUED FROM PCTASA/ 21(

Continuation of Box II.1

Claims Nos.: 16-21

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

The method according to independent claims 16,19 define a method for
treatment of the human body by surgery because they claims advancing a
distal portion of a body into proximity with the myocardial tissue. So
the International Searching Authority is not required to perform a
search regarding claims 16,19 and the related dependent claims
17,18,20,21 (Rule 35 and 39.1 (iv) PCT).




International application No.

INTERNATIONAL SEARCH REPORT PCT/US2009/002269

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

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

1. Claims Nos.: 16-21

because they refate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. D Claims Nos.:

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

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

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

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

1. D As all required additional search fees were timely paid by the applicant, this international search report covers allsearchable
claims.

2. L—_I As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2009/002269
Patent document Publication Patent family Publication

cited in search report date member(s) date

Us 2002177772 Al 28-11-2002  NONE

WO 0224248 A 28-03-2002 AU 9082001 A 02-04-2002

US 5419777 A 30-05-1995 AT 165740 T 15-05-1998
AU 684542 B2 18-12-1997
AU 7614494 A 25-09-1995
BG 100828 A 30-04-1997
BR 9408549 A 19-08-1997
CA 2184388 Al 14-09-1995
CN 1143326 A 19-02-1997
CZ 9602553 A3 12-03-1997
DE 4408108 Al 14-09-1995
DK 738165 T3 15-03-1999
WO 9524235 Al 14-09-1995
EP 0738165 Al 23-10-1996
ES 2118431 T3 16-09-1998
FI 963458 A 04-09-1996
GR 3027583 T3 30-11-1998
HU 76019 A2 30-06-1997
JP 9509865 T 07-10-1997
JP 3695756 B2 14-09-2005
LV 11733 A 20-04-1997
NO 963659 A 03-09-1996
PH 31501 A 03-11-1998
PL 316201 Al 23-12-1996
RU 2139105 C1 10-10-1999
SG 46563 Al 20-02-1998
SI 9420081 A 28-02-1997
SK 115796 A3 09-07-1997

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - amend-body
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

