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(57) ABSTRACT 

A Surgical device is provided for both ablating a channel in a 
patient's tissue and also delivering a therapeutic agent. The 
device includes an elongated multi-lumen tube, an elongated 
tissue ablating assembly, and a therapeutic agent delivery 
assembly. The therapeutic agent is capable of being delivered 
into the channel and/or to the Surrounding tissue. The device 
may further include a second multi-lumen tube also capable 
of delivering therapeutic agents. A method is also provided 
for using Such a Surgical device to ablate a channel in a 
patient's tissue and also deliver a therapeutic agent to the 
tissue, for example, for transmyocardial revascularization or 
other procedures. 
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SURGICAL DEVICE AND METHOD FOR 
PERFORMING COMBINATION 

REVASCULARIZATION AND THERAPEUTC 
SUBSTANCE DELVERY TO TISSUE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 1 1/543,505, filed Oct. 5, 2006, and claims the benefit 
of U.S. Provisional Application No. 60/727,325, filed on Oct. 
17, 2005. These applications are incorporated herein by ref 
CCC. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The present invention relates to a surgical device 
and method for creating a channel in a region of tissue and 
simultaneously or promptly thereafter, delivering a therapeu 
tic agent in, near or around the channel and more particularly 
to a device and method for performing a transmyocardial 
revascularization procedure in combination with delivery of a 
therapeutic Substance in and around the treated region of the 
myocardium of the heart. 
0004 2. Description of the Prior Art 
0005 Living tissue becomes ischemic when starved of 
oxygen and nutrients, usually because the tissue is not receiv 
ing adequate blood Supply. Ischemia can be caused by a 
blockage or narrowing in the vascular system that prohibits an 
adequate Supply of oxygenated blood from reaching the 
affected tissue area. Ischemia can lead to pain in the area of 
the affected tissue and, in the case of certain muscle tissue, 
can interrupt muscular function. Ischemia is reversible. Such 
that cells may return to normal function once they receive the 
proper blood flow. It is believed ischemic tissue can remain in 
a hibernating state, preserving its viability for some time 
despite the deprivation of oxygenated blood. Restoring blood 
flow to the ischemic region is the only known method to 
accomplish revival of the ischemic tissue. Although ischemia 
can occur in various regions of the body, ischemia of the 
myocardium of the heart is well known due to coronary artery 
disease or occlusion of the coronary arteries, which otherwise 
provide blood to the myocardium. 
0006 Atherosclerosis or narrowing of the artery is a lead 
ing cause for inadequate blood flow to the heart. In addition to 
the narrowing, atherosclerosis can result in loose plaque dis 
lodging within an artery. This loose plaque can travel through 
the arterial system until it becomes lodged within a narrower 
portion of the arterial system. The resulting blockage can lead 
to an acute infarcted area of the myocardium. 
0007 Ischemia and myocardial infarct are two important 
cardiac disease states. Symptoms are those included in the 
constellation of symptoms referred to as angina pectoris, and 
include constricting pain in the chest and radiating pain in the 
arms, neck and jaw. Ischemia of the tissue of the heart is 
characterized by limited metabolic processes which causes 
poor functionality, and may lead to fibrillation and death. 
Thus, the normal contractile functioning of the myocardial 
heart cells is hindered in an ischemic region. Ifanischemic, or 
damaged, region of the heart does not receive enough blood 
flow and nutrients to Sustain the myocardial cells, even when 
in a hibernating state, they are said to die and become inf 
arcted. Infarcted myocardial tissue may also lead to fibrilla 
tion and death. 
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0008 Treatment of myocardial ischemia has been 
addressed by several techniques designed to restore blood 
Supply to the affected region. One procedure, coronary artery 
bypass grafting (CABG), involves grafting a venous segment 
between the aorta and the coronary artery to bypass the 
occluded portion of the artery. Once blood flow is redirected 
to the portion of the coronary artery beyond the occlusion, the 
Supply of oxygenated blood is restored to the area of ischemic 
tissue. 

0009 Ischemic myocardium tissue resulting from athero 
Sclerosis can also be treated through stenting the diseased 
area of the artery. In this procedure, a catheter is passed into 
the vascular occlusion. A stent is placed at the occlusion site 
and expanded within the artery to increase the vascular open 
ing and increase blood flow. Alternatively, an angioplasty 
procedure can be performed to open the narrow vascular 
passageway. In this procedure, a balloon catheter is passed 
into the occluded site and the balloon inflated to increase the 
vascular opening. While effective to increase blood flow for a 
period of time, these procedures have numerous disadvan 
tages and limitations, including an inability to prevent con 
tinued atherosclerosis. 

0010. Another method for treating ischemic myocardium 
is called transmyocardial revascularization (“TMR), the cre 
ation of pathways or channels in the myocardium of the heart. 
The procedure using needles in a form of Surgical “myocar 
dial acupuncture' has been used clinically since the 1960s. In 
this method, Small channels are created either completely 
through the myocardium in an open Surgical procedure or 
partially through the myocardium from the endocardial layer 
in a percutaneous procedure. Various modalities may be used 
to create these channels, including mechanical means, laser 
energy, radiofrequency energy, ultrasonic energy, resistive 
heating, and cryoablation. These channels may create an area 
of injury that is believed to spur the natural healing process. A 
desirable part of this healing process is the creation of new 
blood vessels that may help to alleviate the ischemic condi 
tion within the myocardium. 
0011. Yet another method to treat ischemic tissue, and 
particularly ischemic myocardial tissue, is through therapeu 
tic agent therapy. Therapeutic agent therapies with angio 
genic and myogenic growth factors may expedite and/or aug 
ment collateral artery development. In the field of therapeutic 
agent delivery, many techniques currently exist for delivering 
therapeutic agents or other materials including, but not lim 
ited to, biologics to the human body. These include, among 
others, oral administration, injection directly into body tissue 
Such as through an intramuscular injection, transcutaneous 
injection in which a compound is injected directly into the 
vasculature of a patient, or topical administration. Although 
many situations are satisfactorily treated by the general or 
directed, typically systemic acting administration of a thera 
peutic agent, the treatment of ischemic tissue could be facili 
tated and/or improved by the ability to deliver or administer a 
biologic agent directly to or adjacent Such tissue with control 
over such delivery. Recently, medicine has focused attention 
on treating diseases with conventional physical Surgical pro 
cedures in combination with a local delivery of a drug or other 
therapeutic agent. For example U.S. Pat. No. 6.224,584. 
issued on May 1, 2001 to March, et al., which is hereby 
incorporated by reference in its entirety into this application, 
discloses a system for treatingapatients heart by first forming 
channels in the heart and then delivering drugs or other thera 
peutic agents into those channels. 
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0012. There are a number of important problems that are 
not addressed by the systems and methods of the present art. 
For example, none of the prior art teaches how to ablate a 
channel into a desired tissue and either simultaneously, or in 
various sequences, administer a therapeutic agent or any 
combination of agents into both the channel and into the 
tissue Surrounding the channel. Moreover, the prior art does 
not teach a device and method for precise and effective abla 
tion along with simultaneous controlled delivery of the 
desired agent or agents into the channel and Surrounding 
tissue. None of the prior art systems discloses a device that 
allows for a surgeon to perform a combination TMR and 
direct delivery of a therapeutic agent using a single simple 
device and in the same procedure. 

BRIEF SUMMARY 

0013. In general, this invention is directed toward a surgi 
cal device for ablating tissue and delivering a therapeutic 
agent both in and near or around the ablated tissue. More 
specifically, this invention is directed to a system and method 
for creating a channel in a region of tissue and simultaneously 
or immediately thereafter, delivering a therapeutic agent in, 
near or around the channel. 
0014. The present invention comprises a device for treat 
ing tissue by creating a pathway, opening or channel in the 
tissue and delivering a therapeutic agent or agents into the 
channel with the ability to also deliver either the same or 
different therapeutic agents into a region of the tissue adjacent 
the channel. The Surgical device includes an elongated multi 
lumen delivery tube having a proximal end connected to a 
control handle assembly and extending outwardly to a treat 
ment assembly at the distal end. An elongated tissue ablating 
assembly is housed and Supported in a first lumen of the 
multi-lumen delivery tube. The ablating assembly extends 
through the delivery tube to an ablating tip at the treatment 
assembly. The ablating assembly is adapted for delivering an 
ablating means, such as alasing energy from a source, such as 
a laser, to the ablating tip. The ablating tip is specifically 
designed for creating a channel, bore or other pocket into the 
tissue. 
0015 The multi-lumen delivery tube also houses and Sup 
ports an elongated therapeutic agent delivery assembly in a 
second lumen. The delivery assembly has a proximal end 
adapted for connection with a source of the therapeutic agent 
or agents and extends distally through the second lumen to a 
delivery tip. The agent delivery assembly is adapted for trans 
ferring the therapeutic agent from the source to the delivery 
tip where it is dispensed into the tissue. The ablating tip and 
delivery tip are located adjacent each other at the distal end of 
the multi-lumen tube such that the therapeutic agent can be 
delivered into a channel formed by the ablating tip. Preferably 
dispensing can occur without having to remove the ablating 
tip from the channel. 
0016. In another embodiment of the present invention, the 
Surgical device further includes a second elongated multi 
lumen delivery tube. The second multi-lumen tube includes a 
plurality of lumens with the first multi-lumen tube extending 
through a first or main lumen. The second multi-lumen deliv 
ery tube also has at least one additional lumen that is con 
nected with an injection receiving port at a proximal end for 
connection with a source of therapeutic agent or agents. The 
second lumen of the second delivery tube extends from the 
injection receiving port to a second therapeutic agent delivery 
tip at a distal end. The second lumen of the multi-lumen tube 
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is adapted for delivering the therapeutic agent from the Source 
to the second delivery tip. The first multi-lumen delivery tube 
extends through and is slideable within the main lumen of the 
second multi-lumen delivery tube. In this way, the first multi 
lumentube along with the ablating and first delivery tip can be 
advanced into the tissue so as to ablate and create a channel 
and deliver a first therapeutic agent independently of the 
therapeutic delivery tip of the second lumen of the second 
multi lumen device. 

0017. The present invention further comprises a method 
for performing a combination myocardial revascularization 
procedure and delivering a therapeutic agent to a desired 
region of the myocardial heart tissue comprising the steps of 
first providing a Surgical device having a first elongated multi 
lumen tube with a proximal end in connection with a control 
handle assembly and extending to a distal treatment end. The 
first multi-lumen tube has a tissue ablating assembly extend 
ing through a first lumen of the multi-lumen tube and a thera 
peutic agent delivery assembly extending through a second 
lumen of the multi-lumentube. The ablating assembly itself is 
connected to a source of ablating energy, such as a laser, at its 
proximal end and extends distally through the first lumen to 
an ablating tip at the end of the first multi-lumen tube. The 
ablating tip is adapted for creating a channel in the myocardial 
tissue Such as a revascularization channel. The therapeutic 
agent delivery assembly includes a therapeutic agent injec 
tion receiving or infusion port at a proximal end and extends 
through the second lumen of the first multi-lumen tube to a 
delivery tip disposed proximally to the ablating tip such that 
the therapeutic agent can be delivered into the channel. And 
can even be accomplished without having to remove or fully 
retract the ablating tip from the channel. 
0018. A second elongated multi-lumen tube is aligned 
along the same general axis as the first multi-lumen tube. 
Both the first multi lumen tube and the second multi lumen 
delivery tube are slideably supported within and extend 
through a rigid or semi rigid guide tube that is connected at a 
proximal end to the handle assembly. The second multi-lu 
men tube has a proximal end in fluid connection with a second 
therapeutic agent and extends to an injection tip. The injec 
tion tip is adapted for delivering the second therapeutic agent 
into the myocardial tissue adjacent the channel. 
0019. The guide tube of the surgical device is then inserted 
into a patient and the treatment end, including the ablating, 
delivery and injection tips, is positioned adjacent the desired 
region of tissue. This is typically accomplished Surgically 
with the Surgeon physically locating the treatment end as 
desired through manipulation of the handle assembly. Once 
the treatment tip is located, the source of ablating energy is 
energized such that the ablating tip is capable of ablating the 
tissue. For example, a laser might be energized. The ablating 
tip is then advanced into the myocardial tissue to form a 
channel in the desired region. The injection tip is then 
advanced into the desired region of tissue adjacent the chan 
nel and therapeutic agent is dispensed from both the delivery 
tip into the channel and the injection tip into the region of 
tissue adjacent the channel. 
0020. In another embodiment of the procedure of the 
present invention, the injection tip is advanced into the myo 
cardial tissue prior to advancing the ablating tip into the tissue 
to create a channel. A second therapeutic agent may be deliv 
ered from the injection tip into the tissue prior to forming the 
channel. 
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0021. In another embodiment of the surgical device and 
procedure of the present invention, the surgical device further 
includes an elongated and at least partially flexible guide tube 
having a steering mechanism adapted for directing the distal 
end and treatment tip. The steering mechanism may be advan 
tageously adapted Such that the Surgical device is useable 
with minimally invasive ports. 
0022. In yet another embodiment of the present invention, 
the Surgical device and procedure are adapted for use on 
desired regions of tissue other than myocardial tissue. 
0023. Other objects, advantages and features of the 
present invention will be apparent to those of skill in the art 
from the following detailed description and the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. These and other features and advantages of the vari 
ous embodiments disclosed herein will be better understood 
with respect to the following description and drawings, in 
which like numbers refer to like parts throughout, and in 
which: 
0025 FIG. 1 is a representative schematic view of a pre 
ferred embodiment of the present invention. 
0026 FIG. 2A is a representative side view of a distal 
portion of the Surgical device of the present invention. 
0027 FIG. 2B is a representative perspective view of the 
distal end of the surgical device of the present invention. 
0028 FIG. 2C is a representative side top view of an 
embodiment of the distal end of the surgical device of the 
present invention. 
0029 FIG. 3A is a representative cross sectional view of 
the handle and guide tube assembly of the present invention. 
0030 FIG. 3B is a representative cross sectional view of 
the guide tube, nosecone and actuator of the present inven 
tion. 
0031 FIG. 4A is a representative side view of the pre 
ferred embodiment of the guide tube of the present invention. 
0032 FIG. 4B is a representative cross sectional view of 
the preferred embodiment of the guide tube of the present 
invention. 
0033 FIG. 5 is a representative cross sectional view of the 
preferred embodiment of the multiple lumen ablating tube of 
the present invention. 
0034 FIG. 6A is a representative side view of the pre 
ferred embodiment of the multi-lumen therapeutic agent 
delivery tube of the present invention. 
0035 FIG. 6B is a representative cross sectional view of a 
preferred embodiment of the multi-lumen tube of the present 
invention. 
0036 FIG. 7 is a representative partial top view of the 
handle control assembly of an alternative embodiment of the 
Surgical device of the present invention. 

DETAILED DESCRIPTION 

0037. While a variety of embodiments of the present 
invention are disclosed herein, one exemplary and the pres 
ently preferred embodiment of the surgical device is illus 
trated generally as reference number 10 in FIG. 1. This 
embodiment of the surgical device 10 is particularly suitable 
for procedures for treating the heart, and particularly for 
performing transmyocardial revascularization (“TMR), 
biopsy and related procedures to a desired region of tissue in 
combination with the simultaneous or near simultaneous 
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delivery of a therapeutic agent into channels formed by the 
TMR procedure as well as in the surrounding tissue. The 
illustrated dimensions are for such a TMR and therapeutic 
agent delivery device and procedure. 
0038. As will be discussed in greater detail, the therapeutic 
agent or agents may include a drug to facilitate the procedure 
Such as a numbing agent, pain controlling Substance or even 
a blood conditioner. Alternatively, the therapeutic agent may 
include a biologic agent to facilitate the procedure or recovery 
or even to facilitate desired results, including, but not limited 
to the delivery of angiogenic agents, growth factors, stem cell 
Substances, antiarrythmic agents, chemotherapy agents, 
blood conditioners and even pain treating agents. The instant 
device and procedure further contemplate delivering multiple 
therapeutic agents, including delivering agents for each 
aspect of the procedure as well as for delivering multi-com 
ponent treatments and reagents and in varying quantities, 
forms and dosages. 
0039. The terms “therapeutic agent,” “agent,” “drug and 
biologic agent' shall be interchangeable for the purposes of 
this invention and disclosure and shall include any and all 
agents which could or will be used in the manners described 
herein, including and not limited to medications, drugs, anti 
biotics, vaccines, function regulators, chemotherapy agents, 
growth factors, stem cells, other materials for performing 
functions including flushing and cooling, stimulating other 
responses, detection, analysis, monitoring, visualization or 
control, etc. The present invention further contemplates the 
delivery of therapeutic agents as liquid, solid, semi-solid, gel, 
cream, gas and also in any variety of formulation, including 
time release formulations, impact formulations, etc. A more 
detailed description of Such drugs and methods of adminis 
tering them is disclosed in U.S. Pat. No. 5,999.678 issued on 
Dec. 7, 1999 to Murphy-Chutorian, et al., which disclosure is 
incorporated herein in its entirety by this reference. Referring 
now back to FIG. 1, the surgical device 10 is preferably 
adapted for hand use and manipulation and may be held in 
several positions using one or both hands. The device 
includes a handle assembly 12. A guide tube assembly 14 
extends distally from the handle 12 to a distal end 16 which 
may include a stabilizing cup or ring 16. The stabilizing cup 
16 is adapted for placement against the desired region of 
tissue to be treated. In the currently preferred embodiment for 
TMR procedure, the surgical device 10 does not include the 
stabilization ring 16. An ablating tip 18 and a first therapeutic 
agent delivery tip 20 are disposed within the open diameter of 
the distal end of the guide tube 16. A second therapeutic agent 
delivery means 22, for example a therapeutic agent injection 
tip assembly, is also located within the open diameter of the 
guide tube 14. 
0040. A first therapeutic agent delivery means 24 is 
adapted for delivering and dispensing a therapeutic agent or 
therapeutic agents from the first therapeutic agent delivery tip 
20. The first therapeutic agent delivery means 24 includes a 
therapeutic agent receiving port 26 at a proximal end that is 
connected to at least one lumen of a multi-lumen delivery 
tube 28 (not shown). The multi lumen delivery tube 28 
extends through the handle 12 and guide tube assembly 14 to 
a dispensing orifice on the first therapeutic agent delivery tip 
20. As will be discussed further, the first therapeutic agent 
delivery means 24 may include one, two or more therapeutic 
agent receiving ports 26, Such as an injection port, with each 
having a separate and independent conduit 30 connecting 
each receiving port with the first therapeutic agent delivery tip 
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20. The first therapeutic agent delivery tip 20 may further be 
adapted with multiple orifices, each connected and corre 
sponding to an independent conduit 30 and lumen within the 
multi lumen delivery tube such that multiple therapeutic 
agents or differing application techniques may be indepen 
dently administered through the first therapeutic agent deliv 
ery tip 20. 
0041 An injection device 32, such as an injection needle 
may be used as a source of each desired therapeutic agent and 
to also create sufficient pressure to deliver the agent to and out 
of the delivery tip 20. In the event multiple therapeutic agents 
are to be administered, each can be delivered from an inde 
pendent injection or similar device 32. 
0042. The preferred embodiment of the surgical device 
also includes a second therapeutic agent delivery means 34. 
This second therapeutic agent delivery means 34 also 
includes a therapeutic agent receiving port 36, Such as an 
injection port that is similarly connected to a conduit 60 for 
transferring the therapeutic agent or therapeutic agents from 
the receiving port to a second multi lumen delivery tube 38 
(not shown). The second multi lumen delivery tube 38 passes 
through the handle 12 and guide tube assembly 14 and termi 
nates at the second delivery or injection tip 22. The second 
therapeutic agent delivery means 34, similar to the first thera 
peutic agent delivery means 24, may include multiple injec 
tion ports 36, each having a separate conduit 60 for delivering 
the particular therapeutic agent to the second delivery tip 22 
or to a unique delivery port on the second delivery tip. 
0043. A source of ablating energy 40 is connected to the 
ablating tip 18 through an energy transferring means 42. In 
the preferred embodiment, the source of ablating energy 40 is 
a laser and the preferred means for transferring the laser 
energy is through a fiber optic 42. The source of ablating 
energy 40 and corresponding means of transferring that 
energy 42, may also include, but are not limited to, radiofre 
quency energy, cryo-energy and cryoablation, ultrasound, 
mechanical means, such as rotating or vibrating energy and a 
shaft, as well as any other energy and means of transferring 
that energy or any other method of ablating tissue. 
0044) Referring now to FIGS. 2A through 2C, the pre 
ferred embodiment of the surgical device 10 is shown in 
greater detail. Specifically, Surgical device 10 includes a 
handle assembly or hand piece 12 which is a molded or 
machined piece and preferably molded from a plastic mate 
rial. The hand piece 12 defines a contoured surface and may 
include one or more finger grip indentations. Preferably, the 
contoured surface provides tactile feedback regarding the 
position of the hand on the device 10 and relative to the 
ablating tip 18 and therapeutic agent delivery tip 20 so the 
physician need not look away from the medical procedure or 
other task at hand. The contoured surface further assists the 
Surgeon to securely hold the hand piece without slippage in at 
least two, different positions during either left or right handed 
operation of the device 10. An elongated neck portion or 
nosecone 44 is coupled to and extends from the hand piece 12. 
The nosecone 44 may be a separate component that allows for 
a rotary connection with the hand piece 12. As such, the 
nosecone 44 may include a contoured or gripping Surface, 
include handling tabs. The nosecone 44 may also be con 
structed from a molded or machined plastic similar to the 
hand piece 12, or similarly may be constructed from other 
materials such as metal or composite materials. 
0045. The hand piece 12 extending into the nosecone 44 
includes a continuous bore or passageway which the first 
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multi lumen delivery tube 28 and the second multi lumen 
delivery tube 38 pass through. Alternatively, the housing 12 
may only support a portion of each delivery tube 28 and 38. 
An actuator assembly 46 is coupled to the handle assembly 
12. The preferred actuator 46 is a finger slide actuator used for 
advancing and retracting the treatment tips 18, 20 and 22. 
Alternatively, the handle 12 and even the nosecone 44 may be 
fitted with any number of actuators for such extension and 
retraction or other functions, including controlling the deliv 
ery of agents into the tissue. One Such alternative embodiment 
is described in FIG. 7. In this embodiment, the first actuator 
46 is used to advance and retract the ablating tip 18 while a 
second actuator 48 is used to advance and retract the injection 
or second therapeutic agent delivery tip 22. The single actua 
tor, however, advantageously provides a simpler and less 
Surgically complex device. Alternatively, the treatment tips 
18, 20 and 22 may also be moveable using most any form of 
mechanical, electro-mechanical slide mechanism or may 
even be moved using an automated mechanism. 
0046 Referring now to FIGS. 2A through 3B, the actuator 
46 is mechanically connected to the first multi lumen tube 28 
and the second multi-lumen tube 38 such that actuation 
causes movement of these tubes through the guide tube 14. In 
the preferred embodiment, the surgical device 10 is provided 
with the actuator 46 in a retracted position with it being 
advanced forward into a fully actuated position by the sur 
geon during performance of the desired Surgical procedure. 
As the actuator 46 is moved forward, it initially solely 
advances the first multi-lumen tube 28 which necessarily 
advances the ablating tip 18 and therapeutic agent delivery tip 
20. This movement advantageously allows the Surgeon to 
commence the ablation of tissue without advancing the injec 
tion tip 22. As the actuator 46 is further advanced, the second 
multi-lumen tube 38 is engaged and advanced along with the 
continuing advancement of the first multi-lumen tube 28. In 
this way, as the actuator 46 is advanced, first only the ablating 
18 and therapeutic agent delivery tip 20 are advanced and then 
the injection tip 22 is also advanced. In the preferred embodi 
ment for TMR procedures, actuation by this method is advan 
tageous because the ablating tip 18 is required to be translated 
considerably further than the injection tip 22. 
0047. The guide tube 14 is a tubular sleeve that extends 
outwardly from its connection with the nosecone 44. Prefer 
ably, the guide tube 14 is rigidly attached to the nosecone 44 
and extends into a curved distal portion 50. A stabilizing cup 
16 may be attached to the distal end of the curved portion 50 
for certain applications. The guide tube 14 may be con 
structed of metal, plastic or composite materials and may be 
even be malleable to allow some flexibility or made from a 
plastic for greater flexibility. 
0048 Referring now to FIGS. 5A and 5B in conjunction 
with FIGS. 2A through 3B, the preferred embodiment of the 
guide tube 14 is made from a thin medical grade stainless steel 
tube. The interior diameter of the guide tube 14 is sufficient to 
allow for slideable movement of the second multi-lumentube 
38 extending there through. Preferably, the inside diameter is 
coated or lined to reduce friction against the outer diameter of 
the second delivery tube 38. In the preferred embodiment, the 
interior of the guide tube 14 is spray coated with low friction 
material such as PTFE. Alternatively, the guide tube 14 may 
be coated or lined with any other friction reducing material, 
including an oil, grease, powder, polymer, etc. The friction 
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reducing coating facilitates actuation of the actuator 46 and 
movement of the second multi-lumen tube 38 within the 
guide tube 14. 
0049. As shown, the guide tube 14 extends away from the 
nosecone 44 to the curved distal portion 50 which in the 
preferred TMR embodiment has a curve of approximately 75 
degrees from its longitudinal axis. The curved portion 50 
advantageously allows positioning of the treatment tips 18, 
20 and 22 against the desired tissue. Depending on the pro 
cedure or even the Surgeon's preferences, the guide tube 14 
can be provided with a curved portion 50 of almost any angle 
and angle of curvature, include not having any curvature. 
Alternatively, the guide tube 14 may be constructed from a 
malleable material, semi rigid or flexible material such that 
the curved portion 50 may be adjustable. 
0050 Referring now to FIGS. 3A and 3B, the guide tube 
14 terminates distally at the distal end 16, which may include 
a stabilizing cup assembly 16. The stabilizing cup 16 is gen 
erally cup or disc shaped and is designed to contact tissue and 
maintain contact and alignment of the treatment tips 18, 20 
with the region of tissue being treated. The stabilizing cup 16 
may be constructed from generally yieldable materials such 
as silicone, soft elastic, rubber or foam and may also be 
metallic or plastic. The stabilizing cup 16 includes a bore 
aligned and in connection with the bore formed through the 
guide tube 14. In this way, the treatment tips 18, 20 and 22 can 
freely pass through the guide tube 14 as well as the stabilizing 
cup 16. 
0051 Preferably, the stabilizing cup 16 is cone shaped and 

is made from a medical grade polyether block co-polymide 
polymer (“Pebax”) or other medical grade polymer that is 
sufficiently pliable to form a contact surface with the tissue 
being treated and is also bondable to the distal end of the 
guide tube 14. Alternatively the stabilizing and locating cup 
16 may be detachable with conventional snap fit or screw 
mount mechanisms and may be designed with differing outer 
diameters to accommodate different treatment procedures as 
well as differing access ports. The stabilizing cup 16 may also 
be advantageously used to allow for a suction or pressure 
sealing Surface against the tissue with the vacuum source or 
pressure Supply provided from a lumen of one of the multi 
lumen tubes 28 or 38 or even from the guide tube 14. The 
stabilizing cup 16 may be omitted in applications, such as the 
presently described TMR application, where the downside 
from the increased diameter to the guide tube 14 is out 
weighed by the provided advantages. 
0052 FIG. 5 shows a cross sectional view of the first or 
inner flexible multi-lumen delivery tube 28 that is supported 
within and extends through the guide tube 14. Preferably, the 
first delivery tube 28 is made from an extruded polymer such 
as Pebax but could also be made from almost any medical 
grade material with Sufficient wall strength to Support mul 
tiple small diameter lumens as well as be flexible. The first 
multi-lumen tube 28 includes a first lumen 52 for supporting 
the ablating means. In the preferred TMR embodiment, the 
ablating means is laser energy and the first lumen 52 Supports 
a fiber optic bundle (multifilament or monofilament) con 
nected to a laser source 40 and adapted for delivering the laser 
energy from the laser through the first lumen to the ablating 
tip 18. The fiber optic is preferably bonded within the first 
lumen 52 but may also be fixed through heat or chemical 
shrinkage of the tube 28 or through a friction fit, wedging or 
the like. In this way, extending the first multi-lumen tube 28 
relative to the guide tube 14 also moves the fiber optic and the 

Nov. 24, 2011 

ablating tip 18 as well. In the preferred embodiment, the fiber 
optic is bonded at the distal end of the first lumen 52 adjacent 
the ablating tip 18. 
0053. The first multi lumen tube 28 also includes at least 
one additional lumen 54 running generally alongside the first 
lumen 52 for delivery of one or more therapeutic agents from 
a source to the delivery tip 20. In the preferred TMR embodi 
ment shown, two additional or secondary lumens 54 are pro 
vided with each terminating into the distal orifice or delivery 
tip 20. Multiple secondary lumens 54 also allow for deliver 
ing combinations of therapeutic agents or even epoxy-type 
materials that react when mixed. For example, platelet rich 
plasma may be mixed with a thrombin solution. When mixed, 
this solution will gel. Therefore, it is preferable to deliver 
these agents separately and allow them to mix after dispens 
ing from the delivery tip 20. 
0054 The secondary lumens 54 deliver the therapeutic 
agent by directly dispensing through orifices at the distal end 
of the delivery tip 20. The delivery tip 20 may simply be the 
natural orifice at the very distal end of the secondary lumen 54 
or a modified diameter orifice. Alternatively, the delivery tip 
20 may be an injection needle connected to the lumen 54 or a 
tip specifically designed for the specific procedure or thera 
peutic agent being delivered. 
0055. In yet another embodiment, the distal end of one, or 
more if there are multiple delivery tips 20, may be capped or 
effectively capped with the dispensing orifice or orifices pro 
vided along the side of the delivery tip. In this configuration, 
the distal ends of the secondary lumens 54 are capped and an 
orifice or orifices are provided along the side of the lumen so 
as to deliver the agent out of the side of the tip. Preferably, side 
orifices will be placed so that any side delivery will be at least 
partially if not fully within the expected depth of the ablated 
channel. Delivery to the side may be advantageous interms of 
helping to ensure that the therapeutic agent remains in the 
ablated channel. There also may be an advantage in creating 
a partial thickness channel to ensure that the agent remains 
within the channel created. 
0056 Capping or occluding, including partial occluding, 
of the distal end of the delivery tip 20 for side delivery of the 
therapeutic agent can be accomplished by either introducing 
a bond agent into the Smaller secondary lumens 54 or alter 
natively by heating the end of the multi-lumen tubing 28. By 
heating to the melt temperature of the extruded tubing, the 
secondary lumens 54 can be melted and collapsed. Once the 
distal portions of the secondary lumens 54 are occluded or 
melted, a small hole 20 or preferably multiple small holes can 
be cut, drilled, machined or notched into the secondary 
lumens 54 proximal to the occluded distal end. A small hole 
can also be provided at the very distal end or tip. Preferably, 
the side delivery holes 20 are placed far enough proximally so 
that the larger profile of the multi-lumen design does not 
interfere with the creation of the ablated channel. 

0057 The very end of the multi-lumen delivery tube 28 
can be scalloped or skived away just past the occlusions made 
in the secondary lumens 54 to allow the ablating tip 18 to 
effectively protrude distally. Alternatively, the ablating tip 18 
can be bonded so it protrudes from the distal end of the 
multi-lumen tube 28. After the treatment tip 18 is advanced 
through some tissue. Such as the myocardium, further 
advancement of the first delivery tube 28 and treatment tip 18 
will allow the side holes of the delivery tip 20 and the rela 
tively larger outer diameter of the first delivery tube 28 to be 
properly located within the ablated channel. 
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0058. It should be understood that although the present 
invention discloses and contemplates a second delivery tube 
38 supported within the guide tube 14, it is not a required 
feature for certain inventive aspects of the present invention. 
For example, a Surgical device 10 having a single multi-lumen 
tube 28 with multiple therapeutic agent delivery lumens 54 
and tips 20 may be advantageous in many procedures. More 
over, this design would allow for a much smaller diameter and 
less invasive guide tube 14 and also for an improved catheter 
based version for intra vascular and minimally invasive Sur 
geries. In a single delivery tube 28 embodiment, the multi 
lumen tube 28 is slideably supported within the guide tube 14 
but without excess space so as to increase the overall diameter 
of the guide tube. To facilitate a frictionless surface, the tube 
28 may be coated with a friction reducing layer such as a 
PTFE or even a medical grade oil or grease or silicone. 
0059 FIGS. 6A and 6B illustrate various views of the 
second flexible multi lumen delivery tube 38 which is adapted 
for carrying the first delivery tube 28 and for providing a 
secondary means of therapeutic agent delivery 34. Similar to 
the first delivery tube 28, the second delivery tube 38 is 
preferably made from a Pebax material or other medical grade 
extruded plastic. Preferably, the second delivery tube 38 is a 
multi-lumen tube 28 that is slideably supported within the 
guide tube 14 but without excess space so as to increase the 
overall diameter of the guide tube. To facilitate frictionless 
surfaces, the delivery tube 38 and/or the inner diameter of the 
guide tube 14 may be coated with a friction reducing layer 
such as a PTFE or even a medical grade oil or grease or 
silicone. The second delivery tube 38 is preferably proximally 
connected to the actuator 46 and extends through the guide 
tube 14 and stabilizing cup 16 to the second delivery tip 22. 
0060. The second multi-lumen delivery tube 38 includes a 
main or first lumen 56 which is adapted for supporting at least 
a portion of the first delivery tube 28. Preferably, the first 
delivery tube 28 is slideably supported and extends through 
the main lumen 56 of the second multi lumen delivery tube 
28. In this way, the first delivery tube 28, including the fiber 
optic and ablating tip 18 can be extended or retracted inde 
pendently of the second delivery tube 38 and the guide tube 
14. The second delivery tube 38 also includes an additional or 
second lumen 58 adapted for delivering a therapeutic agent 
from a source to the second delivery tip 22. Preferably, the 
second lumen 58 is connected to the therapeutic agent receiv 
ing port 36 either directly or through a conduit 60 at the 
proximal end. The source of therapeutic agent may be the 
same therapeutic agent provided to the first delivery tube 28 
or may be entirely different. For example, the second delivery 
tube 38 may be used to deliver a desensitizer which is injected 
into the tissue prior to ablating or could even be a blood 
coagulator that is delivered promptly after ablation. This dis 
closure is in no way intended to limit the various combina 
tions of therapeutic agents that could be delivered through 
each of the first delivery tip 20 and the second delivery tip 22 
or the various sequences of delivery of Such agent. 
0061. In the preferred embodiment, the second delivery 
tube 38 includes three spaced apart secondary lumens 58. The 
main lumen 56 extends coaxially with the delivery tube 38 
and the three secondary lumens 58 are equally spaced radially 
and circumferentially from the main lumen. Each of the sec 
ondary lumens 58 is jointly connected to a single therapeutic 
agent injection port 36 for delivering the therapeutic agent 
through a syringe or similar device. Although only a single 
injection port 36 is used in this embodiment for connection 
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with multiple secondary lumens 58, any number of such ports 
or similar devices may be used, including using separate 
delivery conduits 60 and injection port 36 for each secondary 
lumen58. Atherapeutic agent receiving or injection port 36 or 
similar source of therapeutic agent could also be directly 
coupled to each secondary lumen 58. 
0062 Alternatively, any means of connecting a source of 
therapeutic agent to the secondary therapeutic agent delivery 
lumen 58 or to the second therapeutic agent delivery lumens 
54 of the first delivery tube 28 may be used. For example a 
therapeutic agent infusion device could be directly coupled to 
any one or all of the delivery conduits 30 or 60 or even directly 
to the therapeutic agent delivery lumens 54 and 58. Thera 
peutic agent infusion devices would allow for precise dis 
pensing of the therapeutic agent and controlled pressure of 
distribution. Similarly, any method of either singularly pro 
viding the therapeutic agent or individually providing the 
therapeutic agent to each lumen 58 may be provided as is 
known in the art Such as through medical tubing 60. 
0063 Referring now to FIGS. 1 though 6B with particular 
emphasis on FIG. 2B, the distal end of the secondary lumen 
58 or in the preferred embodiment, the three secondary 
lumens, are connected to the second therapeutic agent deliv 
ery tip 22. In the preferred embodiment, the therapeutic agent 
delivery tip comprises an injecting device 32 coupled to each 
secondary lumen 58. Similar to the therapeutic agent receiv 
ing port 36 at the proximal end, each secondary therapeutic 
agent delivery lumen 58 may be connected to and correspond 
to a unique injection device 32 or different combinations may 
be provided depending on the use and procedure contem 
plated. Alternatively, the lumens 58 may be fluidly connected 
as shown such that a common therapeutic agent is dispensed 
from the injection devices 32. 
0064. In the preferred embodiment shown, the second 
therapeutic agent delivery tip 22 includes three spaced apart 
injection needles 32. The needles 32 are spaced so as to 
deliver the therapeutic agent or agents directly into the tissue 
surrounding the ablated channel. Similar to the flexibility in 
the radial placement of the injection needles 32 on the second 
therapeutic agent delivery tip 22, each of the injection needles 
32 can be varied in diameter and length to accommodate a 
particular procedure and desired therapeutic agent place 
ment. 

0065. The design of the delivery tip 22, including the 
needles 32 for each application is particularly important so as 
to enable delivery of the correct amount of therapeutic agents, 
at the correct time and at the desired location. In the preferred 
TMR embodiment, it is desirable to deliver the biologic mate 
rial throughout the desired region in the myocardium. For 
example, therapeutic agent delivery from the endocardium to 
the epicardium, in a controlled manner to obtain optimum 
coverage within the tissue and within the ablated region is 
desirable. For this application, typical injection needles 32 
having open orifices at their distal ends or tip do not appear to 
provide the desired coverage within the TMR treated tissue. 
Thus, the distal end of each needle 32 is capped or occluded 
while providing the dispensing opening orports 62 along the 
side length of the needle. In this way, the therapeutic agent is 
forced out the orifices 62 in the sides of the needles 32 instead 
of being delivered in a bolus at the distal tip. Early testing has 
shown this side dispensing to accomplish better dispersion 
and better delivery of the therapeutic agent into the myocar 
dial tissue than dispensing from a traditional needle tip. Alter 
natively, only selected needles 32 may be end capped and 
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provided with side delivery ports 62. Moreover, side delivery 
ports may be provided in combination with the traditional 
hollow needle or even in combination with a traditional 
needle having a partially occluded tip. 
0066. In the preferred needle 32 design, each of the three 
needles is radially spaced so they enter the tissue centered on 
the ablated channel. The tip of each needle 32 is capped with 
a point end Such as a pencil point to facilitate penetrating the 
desired tissue. The point, however, can be in any form. The 
needles are of sufficient length so as to be able to pierce the 
heart tissue. Such as epicardium or endocardium, and pen 
etrate into the myocardium for proper delivery of the thera 
peutic agent to the desired ablated region of the myocardial 
tissue. For the preferred TMR procedure, the needles 32 are 
fitted with a distal hole that is approximately 1.5 mm proxi 
mal from the tip of the needle. A next hole is provided 
approximately 0.75 mm to 1.0 mm proximal to the first hole 
and 90 degrees rotated around the longitudinal axis of the 
needle. A third hole is provided in the needle 32 approxi 
mately 0.75 mm to 1.0 mm proximal to the second hole and 90 
degrees rotated around the axis of the needle. A fourth and 
most proximal hole to the delivery tip 22 is provided approxi 
mately 0.75 mm to 1.0 mm proximal to the third hole and 90 
degrees rotated around the axis of the needle 32. Although, 
the preferred embodiment has four holes, the needles 32 may 
include any number of holes, including one hole or a plurality 
of holes. The plurality of holes can be configured in any 
pattern. Preferentially, the holes arearrayed around the length 
of the needles 32. 

0067. A preferred method of the present invention 
involves using the surgical device 10 to perforate the desired 
tissue, for example, the epicardium of the heart, to create 
revascularization pathways or channels in combination with 
the delivery of at least one therapeutic agent. Although a 
preferred method for accomplishing a TMR procedure in 
combination with delivery of a biologic agent is described, 
the Surgical device and method of the present invention is in 
no way limited to Such procedure. For example, the method is 
also applicable for procedures involving other muscular or 
bodily tissues and even certain bone tissue. The device and 
method are further contemplated for procedures to treat 
tumors, regions of tissue affected by poor circulation and 
regions of tissue affected by cancer. 
0068. In a TMR procedure, myocardial tissue is ablated 
into pathways or revascularization channels which extends 
into the myocardium and may or may not communicate with 
the ventricle. In a typical TMR procedure, a channel approxi 
mately one millimeter in diameter is lased through the left 
Ventricle of the heart. During lasing of the channel, the myo 
cardium locally is disrupted which results in local healing 
response which is believed to help promote a local angiogenic 
response. The revascularization channels are created approxi 
mately one centimeter apart in the distribution of the un 
revascularizable ischemic myocardium. Approximately 10 to 
12 channels are created in each region of ischemic myocar 
dium being treated. 
0069. The preferred method of the present invention for 
performing a combination myocardial revascularization pro 
cedure and delivering a therapeutic agent to a desired region 
of heart tissue requires the surgical device 10 be adapted for a 
TMR procedure as described in the preferred embodiment 
herein. The surgical device 10 is provided with the ablating tip 
18, the first therapeutic agent delivery tip 20 and the injection 
tip 22 in the retracted position and preferably retracted within 
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the stabilizing cup 16. By retracting the needles 32 within the 
stabilizing cup 16 or guide tubing 14, there is little chance for 
the Surgeon to cause inadvertent damage, either to themselves 
or any of the anatomic features in the patient. This is espe 
cially important in a beating heart procedure. The Surgical 
device 10 is also connected to the laser 40. 
0070. Once the patient is readied, a surgical opening is 
made and commencing with the distal end, the guide shaft 14 
is inserted into the chest cavity of a patient. The Surgeon then 
guides the device 10 and particularly the guide tube 14 to the 
desired region of tissue to be treated. The stabilizing cup 16 is 
then positioned against the desired region of the epicardium 
and myocardial tissue. Preferably, the Surgeon adjusts the 
handle assembly 12 and orients the guide tube 14 such that the 
stabilizing cup 16 and the ablating tip 18 are positioned gen 
erally perpendicular to the surface of the tissue being treated. 
0071. Once positioned, the source of ablating energy 40 
Such as the laser is energized Such that the ablating tip 18 is 
capable of ablating the tissue. The Surgeon then pushes the 
finger slide actuator 46 forward which moves the first delivery 
tube 28 forward and outwardly from the guide tube 14 such 
that the energized ablating treatment tip 18 is extended out of 
the guide tube and into the tissue to create the desired channel. 
As the finger slide 46 is pushed further forward, the first 
delivery tube 28 and ablating tip 18 are moved further out 
wardly from the guide tube 14 ablating a deeper channel in the 
tissue. Further advancing of the finger slide actuator 46 
engages the second delivery tube 38 so it is also moved 
forward and outwardly from the guide tube 14 so that the 
injection tip 22 and the needles 32 are forced into the tissue 
Surrounding the channel being ablated. The creation of the 
channel and the engagement of the needles 32 into the Sur 
rounding tissue is a continuous operation accomplished by a 
single fully extended motion of the actuator 46. Alternatively, 
however, the actuating mechanism 4.4 may be adapted so as to 
provide the surgeon the ability to have independent control 
over each function of the device 10 and particularly over the 
movement of each delivery tube 28 and 38. 
0072. Once the channel is created and the needles 32 fully 
engaged into the tissue, the Surgeon or assistant can admin 
ister and/or dispense the therapeutic agent or agents to the first 
set of therapeutic agent receiving ports 26 so that the agent or 
agents are delivered into the channel. Similarly, therapeutic 
agents can be administered and/or dispensed into the second 
injection port 36 or ports so they are forced out of the needles 
32 into the tissue. Such dispensing and treatment can be made 
with accommodations as to timing of the dispensing to each 
location, amounts dispensed, combinations of agents, and the 
like. 
0073. One of the great advantages of the present surgical 
device 10 and the procedure of the present invention is the 
great flexibility to adapt the procedure and device to meet the 
needs of differing Surgical applications. For example, the 
actuating mechanism may be reconfigured Such that the sec 
ond delivery tube 38 is advanced into the tissue for injection 
ofatherapeutic agent prior to, and possibly again after, ablat 
ing tissue. The present invention also contemplates the use of 
the surgical device 10 in any combination of delivery of any 
combination of therapeutic agents using the first delivery tube 
28 independently of the second delivery tube 38 and associ 
ated treatment tips 18, 20 & 22. 
0074 Another application of this invention is to provide a 
unique therapeutic agent such as a resorbable material 
directly into the ablated channel. Such material may include 
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a collagen or other base material plug that is doped with 
another therapeutic agent or therapeutic agents. The base 
material may be for purposes of retention within the channel, 
time releasing the therapeutic agent, maintaining the channel, 
action of the base material, or other reason. The material 
could be provided directly over the fiber optic 42 in a cylin 
drical or partial cylindrical configuration lumen disposed in 
the first delivery tube 28. In this configuration, the channel is 
first created with the ablating tip 18 which is left in place 
along with the distal end of the delivery tube 28 within the 
channel. The resorbable material can be slid down within the 
main lumen 52 supporting the fiber optic 42 or alternatively 
through a secondary lumen 54 and out a delivery tip 20 within 
the channel. The fiber optic 42 could also be removed after the 
channel is formed in the tissue leaving a larger lumen 52 for 
delivery of such therapeutic agent. Similarly, the device 10 
could be used to deposit an electrode, monitor or similar 
device into the channel while maintaining the lead within one 
of the lumens 28 & 38. 

0075 Ifa “slotted cylinder or lumen is used (for example, 
a 3/4 cylinder), then when the fiber is removed, the myocar 
dium will tend to collapse the resorbable implant. The mate 
rial chosen could be collagen for example or another material 
that is readily resorbed by the body over time. In addition, the 
resorbable material could be doped or impregnated with a 
desirable therapeutic agent or biologic material. These could 
be angiogenic factors to enhance the angiogenic response and 
also to provide a time release of the appropriate factor. As an 
example, stem cells or growth factors or combinations of 
these could be used to impregnate the resorbable implanted 
material. 
0076. The various therapeutic agent delivery embodi 
ments could also be used in combination with one another. 
For example, a therapeutic agent delivery manifold could be 
Supplied to provide an angiogenic compound into the myo 
cardium surrounding the channel. The manifold may be fitted 
with a plurality of needles or other injection devices. In addi 
tion, a resorbable material could be provided directly within 
the myocardium through another lumen passing through or 
adjacent the manifold. In this way, the material around the 
channel could provide an immediate Supply of the desired 
biologic agent to enhance the angiogenic response in the short 
term. A bioresorbable impregnated implanted material could 
also advantageously be used to provide a time dependent 
release of the angiogenic or other desired agent for a longer 
term response. 
0077. Further details of the present invention, including 
various methods of using the present invention may be found 
with reference to the Detailed Description of Embodiment 
section of U.S. Pat. No. 5,713,894 issued on Feb. 3, 1998 to 
Murphy-Chutorian and Harman and to the Detailed Descrip 
tion of the Preferred Embodiment Section of U.S. Pat. No. 
5,976,164 issued on Nov. 2, 1999 to Bencini et al. of which 
both are incorporated in their entirety herein by reference. 
0078 While the principles of the invention have been 
made clear in illustrative embodiments and illustrations, 
those of skill in the art will appreciate that the present inven 
tion is capable of various other implementations and embodi 
ments that operate in accordance with the described prin 
ciples and teachings. For example, many of the components 
may be made from various materials and may be intercon 
nected in various ways. Moreover, the arrangement of the 
elongated multi-lumen tubes and guide tube may be accom 
plished by using differing tubular shapes or with differing 
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bore configurations and diameters. This is particularly con 
templated as each Surgical procedure may require a different 
treatment means and also differing Surgical procedures. The 
handle may be made of materials other than plastic and may 
be configured differently to provide alternative designs. 
Accordingly, this detailed description is not intended to limit 
the scope of the present invention, which is to be understood 
by reference the claims below. 
(0079. As also described, the preferred embodiment of the 
present invention is intended for use with a laser as the Source 
ofablating energy. A Holmium or excimer laser is particularly 
suited to the present invention. However, any suitable laser 
Source, pulsed or otherwise, could provide laser energy to the 
laser delivery means of the present invention for performing 
the method of the present invention. Likewise, the catheter 
and Surgical equipment, including laser delivery means, 
referred to in the present document as well as that known and 
used in medicine and other disciplines today and in the future, 
will be included in the scope of this disclosure. Such laser 
delivery means include, but are not limited to, individual 
optical fibers as well as bundles of fibers, rods, mirror con 
figurations and other laser delivery means with and without a 
focusing lens and the like. It will also be understood that the 
apparatus and method of the present invention as described 
herein, including novel combinations or use with any conven 
tional mechanism or method which are knownto those skilled 
in the art, are included within the scope of this invention. 
0080. It will further be understood that while the present 
invention has been generally described for performing TMR 
on myocardial heart tissue, the Surgical device and methods 
described herein are equally intended for use in any suitable 
procedure, including but not limited to procedures where 
tissue ablation and therapeutic agent delivery are desired. 
Such treatments include but are not limited to visualization, 
biopsy, the treatment of tumors, cancers and other growths. 
The device is also suitable for stimulation procedures wherein 
tissue is ablated to create Zones or pockets, optionally inter 
connected at least initially by Small channels ablated through 
the tissue, for the introduction of blood-borne growth or other 
therapeutic agents or healing factors and stimulated capillary 
growth Surrounding the lased Zones or pockets to create an 
increased Supply of oxygen to the tissue and thus a revital 
ization of the tissue. 

What is claimed is: 
1. A method for ablating a channel and delivering a thera 

peutic agent into a desired region of tissue, comprising: 
(a) providing a Surgical device having an elongated multi 
lumen tube with a proximal end in connection with a 
control handle assembly and extending to a distal treat 
ment end adapted for ablating and delivering the thera 
peutic agent to the tissue, said multi-lumen tube having 
a tissue ablating assembly extending through a first 
lumen of the multi-lumen tube and a therapeutic agent 
delivery assembly incorporating a second lumen of the 
multi-lumen tube, wherein the ablating assembly has a 
proximal end in connection with a source of ablating 
energy and extending distally to an ablating tip and the 
therapeutic agent delivery assembly has a therapeutic 
agent receiving port at a proximal end and extends dis 
tally to an injection tip and wherein the ablating tip and 
injection, tip are disposed Such that the therapeutic agent 
can be delivered into tissue surrounding a channel 
formed by the ablating tip; 
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(b) positioning the treatment end adjacent to the desired 
region of tissue; 

(c) energizing the Source of ablating energy Such that the 
ablating tip is capable of ablating the tissue; 

(d) advancing the ablating tip to form a channel in the 
tissue; and 

(e) dispensing the therapeutic agent from the injection tip 
into the tissue adjacent the channel. 

2. The method of claim 1, wherein the ablating energy is a 
laser and the ablating tip is a lasing tip. 

3. The method of claim 1, further comprising dispensing 
the therapeutic agent into the channel. 

4. The method of claim 1, wherein dispensing atherapeutic 
agent comprises dispensing the agent into multiple locations 
adjacent to the channel. 

5. The method of claim 1, wherein the injection tip in the 
form of a needle. 

6. The method of claim 5, wherein the device further com 
prises a second and third needle and the three needles are 
radially spaced so they enter the tissue Surrounding and cen 
tered on the formed channel. 

7. The method of claim 6, wherein each of the needles 
comprises a plurality of holes arrayed along the length of the 
needle. 

8. The method of claim 1, wherein the region of tissue 
comprises myocardium. 

9. The method of claim 1, wherein the therapeutic agent 
comprises stem cells. 

10. A method for performing a combination myocardial 
revascularization procedure and delivering a therapeutic 
agent to a desired region of heart tissue, comprising the steps 
of: 

(a) providing a Surgical device having an first elongated 
multi-lumen tube with a proximal end in connection 
with a control handle assembly and extending to a distal 
treatment end, said first multi-lumentubehaving a tissue 
ablating assembly supported in a first lumen of the 
multi-lumen tube and a therapeutic agent delivery 
assembly Supported in a second lumen of the multi 
lumen tube, wherein the ablating assembly has a proxi 
mal end in connection with a source of ablating energy 
and extending distally to an ablating tip for creating a 
channel in the tissue and wherein the therapeutic agent 
delivery assembly has a proximal end that is connectable 
with a source of the therapeutic agent and extending 
distally to a delivery tip disposed proximally to the ablat 
ing tip such that the therapeutic agent can be delivered 
from the Source and into the channel, said Surgical 
device further comprising a second elongated multi 
lumen tube connectable with a second therapeutic agent 
at a proximal end and extending to an injection tip and 
adapted for delivering the second therapeutic agent from 
the Source to the injection tip for dispensing into the 
tissue; 

(b) positioning the treatment end adjacent the desired 
region of tissue; 

(c) energizing the Source of ablating energy Such that the 
ablating tip is capable of ablating the tissue; 

(d) advancing the ablating tip into the tissue to form a 
channel in the tissue; 

(e) advancing the injection tip into the desired region of 
tissue; and 

(f) dispensing the therapeutic agent from the delivery tip 
into the channel. 
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11. The method of claim 10, wherein the step of advancing 
the ablating tip comprises advancing the first multi-lumen 
lumen tube relative to the second multi-lumen lumen tube. 

12. The method of claim 10, wherein the step of advancing 
the ablating tip comprises advancing the ablating tip out 
wardly relative to the injection tip. 

13. The method of claim 10, further including the step of 
extending the first multi-lumen lumen tube relative to the 
second multi-lumen lumen tube. 

14. The method of claim 10, further comprising the step of 
dispensing a therapeutic agent from the agent injection tip 
into the desired region of tissue. 

15. The method of claim 10, wherein the ablating energy is 
a laser and the ablating tip is a lasing tip. 

16. The method of claim 10, wherein the step of dispensing 
the therapeutic agent comprises dispensing a first therapeutic 
agent through the first delivery tip and a second therapeutic 
agent through the injection tip. 

17. The method of claim 10, wherein the injection tip is 
advanced into the desired region of tissue prior to advancing 
the ablating tip into the tissue to form the channel. 

18. The method of claim 10, wherein the step of advancing 
the injection tip into the desired region of tissue and a step of 
injecting the second therapeutic agent into the desired region 
of tissue occur prior to the step of advancing the ablating tip 
into the tissue. 

19. The method of claim 10, further comprising the step of 
dispensing a first therapeutic agent from the delivery tip into 
the channel and dispensing a second therapeutic agent from 
the injection assembly into the desired region of tissue. 

20. The method of claim 10, wherein the step of dispensing 
a therapeutic agent further comprises dispensing the agent 
into the channel formed by the ablating tip and into tissue 
adjacent the channel. 

21. The method of claim 10, further including the step of 
retracting the ablating tip from the tissue. 

22. A method for performing a combination myocardial 
revascularization procedure and delivering a therapeutic 
agent to a desired region of heart tissue, comprising: 

positioning a Surgical device having a proximal end with a 
control handle assembly and a distal end connected to a 
treatment assembly, such that the distal end of the treat 
ment assembly is positioned adjacent to the desired 
region of heart tissue; 

energizing a laser Such that an ablating tip in the treatment 
assembly is capable of ablating the heart tissue; 

advancing the ablating tip into the heart tissue and ablating 
tissue to form a channel in the heart tissue; 

advancing a plurality of needles from the treatment assem 
bly into the desired region of tissue; and 

dispensing the therapeutic agent from a source in the Sur 
gical device through the plurality of needles directly into 
the heart tissue Surrounding the channel. 

23. The method of claim 22, wherein the plurality of 
needles are radially spaced so that they are advanced into the 
tissue Surrounding and centered on the channel. 

24. The method of claim 22, wherein each of the needles 
comprises a plurality of holes arrayed along the length of the 
needle. 
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25. The method of claim 24, wherein the tip of each of the 28. The method of claim 22, wherein the advancement of 
needles is capped with a point. the ablating tip and the needles into the heart tissue is a 

continuous operation accomplished by a single fully 
extended motion of an actuator located in the control handle 
assembly. 

26. The method of claim 22, wherein the plurality of 
needles is three needles. 

27. The method of claim 22, wherein the therapeutic agent 
comprises stem cells. ck 


