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A medical system is a medical device, such as a catheter, that
includes an inner core and an imager that is extendable from
within an elongated tubular member and configured to
penetrate a body tissue within a living body. The elongated
tubular member has a distal end and is configured to
slideably receive the inner core. The distal end is further
configured to allow the inner core to advance outside the
elongated member. The inner core has a distal end and is
configured to rotate radially around a longitudinal axis of the
elongated member. The device can further include an imager
located at the distal end of the inner core, and the imager can
be configured to image a body tissue and output an image
signal to an imaging system communicatively coupled with
the imager. The imaging system is configured to generate an
image of the body tissue from the image signal of the imager
when the imager is rotated and placed into contact with the
body tissue such that the imager penetrates the body tissue.
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SYSTEMS AND METHODS FOR INTERNAL
TISSUE PENETRATION

FIELD OF THE INVENTION

[0001] The field of the invention relates generally to
medical devices, and more particularly to a medical devices
for penetrating a body tissue of a living being.

BACKGROUND OF THE INVENTION

[0002] Catheters are tools commonly employed to help
diagnose and treat medical conditions by allowing access to
remote locations within a living body. A wide range of
medical procedures can be performed with a catheter, such
as imaging, angioplasty and the release of therapeutic agents
into the body. Catheters provide particular advantages when
used to gain access to regions of the body otherwise reach-
able only with invasive surgery.

[0003] Catheters are most often used in diagnosing and
treating atherosclerosis and other arterial diseases with pro-
cedures such as angioplasty. In angioplasty, a balloon
located on a catheter is placed within a constricted artery and
inflated so as to break apart occlusive plaque and restore
normal blood flow to the artery. In order to place the balloon
within the constricted artery, the catheter is typically
advanced through various body lumens, such as arteries and
blood vessels within the circulatory system. By this nature,
navigation through these lumens is generally unrestricted.

[0004] However, catheters are frequently adopted to navi-
gate to other regions of the body, outside the circulatory
system. In these cases, access can be restricted by one or
more body tissues. In many cases the only way to reach the
desired location is to advance the catheter through the
obstructing tissue. Various systems and methodologies have
been developed to penetrate the obstracting tissue. For
instance, some systems rely on piercing instrumets such as
a needle, located within the catheter, to pierce the tissue and
create an opening through which the catheter can be
advanced. Other systems rely on a drilling instrument, where
an actual drill bit is used to penetrate the material. These
systems are very inaccurate and can easily damage other
tissues within the body.

[0005] For instance, these systems typically run the risk of
“overshoot,” which occurs when the various instrument
advances further than intended, either too far into the body
tissue or entirely through the body tissue and into a second
tissue. These instruments also run the risk of damaging body
tissue by mere incidental contact with another tissue. In
addition, these systems are often encumbered by the pen-
etrating instrument, which must be incorporated into the
catheter along with the other medical or imaging devices
already in place. Furthermore, these instruments are effec-
tively blind when penetrating a tissue, in which case pen-
etration can occur directly into a blood vessel or other vital
organ resulting in a serious health risk to the patient.

[0006] Thus, there is a need for improved systems and
methods of penetrating internal body tissues.

SUMMARY

[0007] An improved medical device such as a catheter
preferably includes an inner core and an imager that is
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extendable from an elongated tubular member and config-
ured to penetrate body tissue within a living body.

[0008] Described next is an example embodiment of a
method of using an improved catheter to penetrate a body
tissue. First, a distal end of the elongated member is
advanced into proximity with a body tissue. Then an inner
core within the elongated member is rotated radially around
a longitudinal axis of the member. The tissue is then imaged
with an imager located at the distal end of the inner core to
locate an optimum penetration region. After locating the
region, the distal end of the inner core is advanced past the
distal end of the elongated member such that the core is
placed into contact with the tissue at the optimum region.
Then, the tissue is penetrated by the rotation of the imager
and creates an opening. In one embodiment, during the
penetration the imager is imaging to provide a more accurate
penetration of the tissue and to ensure that the inner core
remains placed over region.

[0009] In another example embodiment, the improved
medical device includes an elongated tubular member hav-
ing a distal end and configured to slideably receive an inner
core. The distal end is further configured to allow the inner
core to advance outside the elongated member. The inner
core has a distal end and is configured to rotate radially
around a longitudinal axis of the elongated member. The
device further includes an imager located at the distal end of
the inner core, wherein the imager is configured to image a
body tissue and output an image signal to an imaging system
communicatively coupled with the imager. The imaging
system is configured to generate an image of the body tissue
from the image signal of the imager when the imager is
rotated and placed into contact with the body tissue such that
the imager penetrates the body tissue.

[0010] Other systems, methods, features and advantages
of the invention will be or will become apparent to one with
skill in the art upon examination of the following figures and
detailed description. It is intended that all such additional
systems, methods, features and advantages be included
within this description, be within the scope of the invention,
and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE FIGURES

[0011] The details of the invention, both as to its structure
and operation, may be gleaned in part by study of the
accompanying figures, in which like reference numerals
refer to like parts. The components in the figures are not
necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention. Moreover, all
illustrations are intended to convey concepts, where relative
sizes, shapes and other detailed attributes may be illustrated
schematically rather than literally or precisely.

[0012] FIG. 1 is a schematic diagram depicting an
example embodiment of a medical system.

[0013] FIG. 2A is a perspective view of an example
embodiment of a catheter within the medical system.

[0014] FIG. 2B is a perspective view of another example
embodiment of a catheter within the medical system.

[0015] FIGS. 3A-G are perspective views of additional
example embodiments of a catheter within the medical
system.
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[0016] FIG. 4 is a flow diagram of an example embodi-
ment of penetration process.

[0017] FIGS. 5A-I are perspective views of example
embodiments of a transducer within the medical system.

[0018] FIG. 6 is a perspective view of another example
embodiment of a catheter within the medical system.

[0019] FIGS. 7A-B are perspective views of additional
example embodiments of a catheter within the medical
system.

[0020] FIGS. 8A-B are perspective views of additional
example embodiments of a catheter within the medical
system.

[0021] FIG. 9 is a perspective view of a central nervous
system in which an example embodiment of the medical
system can be implemented.

[0022] FIG. 10 a perspective view of a central nervous
system in which an example embodiment of the medical
system can be implemented.

[0023] FIG. 11 is a flow diagram of another example
embodiment of penetration process.

DETAILED DESCRIPTION

[0024] The systems and methods described herein provide
for the penetration of a body tissue inside a living body. In
a preferred embodiment, a2 medical device, such as catheter,
is inserted into a living body and used to penetrate the body
tissue. For the sake of convenience, reference is made to the
example embodiment of a catheter; however, such catheter
embodiments can be adapied to be non-catheter embodi-
ments. An inner core within the catheter is rotated and
placed into direct contact with a body tissue and penetrates
the tissue, creating an opening through which the catheter
can be passed. Preferably, the inner core includes an imager
configured to image the body tissue in order to determine an
optimum location to penetrate and to image the tissue during
penetration. The catheter is connected to an imaging system
where the image can be displayed and used in medical
diagnosis and treatment.

[0025] FIG. 1 depicts medical system 100, which is a
preferred embodiment of the systems and methods described
herein. This embodiment includes medical device 102,
which is preferably a catheter, elongated tubular member
104 and inner core 106, which includes imager 108. Catheter
102 is insertable into a living body and can be advanced
through a body lumen such as a blood vessel, artery, or a
body canal, while at the same time imaging that body lumen
or canal. Catheter 102 includes distal end 103 and proximal
end 107. Also depicted in medical system 100 is imaging
system 112 and control system 114. Medical system 100 is
configured to enable a user to image the interior of the body
in order to navigate and advance catheter 102 throughout the
body. This also allows catheter 102 to image the body tissue
in order to locate an optimum penetration region in the
tissue. What is regarded as an optimum region in the tissue
is dependent on the type of tissue and application involved.
For instance, an optimum region in one case may be a region
devoid of blood vessels, while in another case, the region
may be unobstructed on the opposite side. Imaging system
112 includes the imaging software and hardware that is used
to view the interior image of the body. Control system 114
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controls the rate of rotation of inner core 106 and can also
be configured to control the rate of advancement of elon-
gated member 104, inner core 106 or both.

[0026] FIG. 2A depicts an example embodiment of distal
end 103 of catheter 102 including elongated member 104
and inner core 106. Elongated member 104 is preferably
composed of a flexible material and is shaped in a tubular
manner, hollowed in the center to slideably receive inner
core 106. In this embodiment, inner core 106 is configured
to move axially along center longitudinal axis 208 of elon-
gated member 104 and also to rotate radially around axis
208. Inner core 106 includes drive shaft 204 and a signal line
(not shown). Opening 110 allows inner core 106 to slide
outside of distal end 105 of elongated member 104. Opening
110 can be open or collapsible, depending on the needs of
the application. In embodiments where the distance between
inner core 106 and elongated member 104 is small, catheter
fluid 209 does not substantially flow out of opening 110 due
to the cohesive forces acting upon fluid 209. Control system
114 can include a check valve to add more fluid 209 if
needed. A collapsible opening 110 may be desired in appli-
cations where the escape of catheter fluid 209 or entry of
body fluids into catheter 102 is undesirable.

[0027] Imager 108 is preferably located at the distal end of
inner core 106 so that when inner core 106 is advanced
outside of elongated member 104, imager 108 is placed into
contact with a body tissue. When inner core 106 is rotating
and in contact with the body tissue, imager 108 bores or
penetrates into the body tissue. If contact with the body
tissue is maintained, the continual penetration of the body
tissue by imager 108 will create an opening in the tissue
through which catheter 102 can pass. Catheter 102 can then
be advanced to a desired region within the living body.

[0028] Imager 108 may be any kind of known imager that
is capable of imaging in a rotational manner and may be, for
example, a forward-facing or side-facing acoustic transducer
or a light-based optical imager such as one based on optical
coherence tomography (OCT) or optical coherence domain
reflectometry (OCDR). For ease of discussion, imager 108
will be described herein as an acoustic transducer configured
to image uni-directionally, or from one direction, indicated
by directional arrow 202. In other embodiments, imager 108
can be adapted to image in a multi-directional or omni-
directional configuration. Acoustic transducer 108 operates
in a typical manner by first sending an acoustic pulse
outward in direction 202 and then receiving a reflection of
that pulse. Once the reflected pulse is received, transducer
108 generates an image signal and outputs the signal to
imaging system 112 by way of the signal line. These steps
make up one transducing cycle and preferably there are
multiple cycles for every rotation of inner core 106.

[0029] All communication between transducer 108 and
imaging system 112 occurs by the signal line, which is
preferably located at the center of inner core 106 within
drive shaft 204. The send and receive process occurs while
transducer 108 is rotating and numerous signals can be sent
and received in the span of one rotation. Imaging system 112
can then assemble an image of the surrounding body tissue
with the information provided by these image signals. The
image can be configured to display any combination of
anatomical, morphological, topological or temperature
information of the surrounding tissue.
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[0030] Control system 114 operates to rotate drive shaft
204 and transducer 108 radially around axis 208. This radial
motion is depicted by directional arrow 210. Control system
114 tracks the radial position of transducer 108, including
the orientation of receiving direction 202, which allows each
received reflected signal to be correlated with the corre-
sponding position on the body tissue. In addition, control
system 114 can be configured to move inner core 106 axially
along center longitudinal axis 208. Control system 114 again
tracks the position of transducer 108 and correlates each
image signal to the axial position of transducer 108.

[0031] Of course, as with all embodiments described in
this specification, a sonolucent window (not shown) and
other features known to those of skill in the art of medical
imaging and/or catheter design, including for example
guidewires, guiding catheters, inflatable balloons, drug
delivery systems and heat-applying devices, may be
included. Although the applications and implementations of
catheter 102 may vary, in a typical embodiment elongated
member 104 is filled with catheter fluid 209, such as saline,
and inserted into a lumen of a body, such as a blood vessel,
coronary artery or spinal canal.

[0032] FIG. 2A depicts inner core 106 in a retracted state
within elongated member 104. FIG. 2B depicts inner core
106 in an extended state after it has been advanced past
distal end 105 and outside of elongated member 104. Once
inner core 106 is extended past distal end 105 it can be
placed in physical contact with a body tissue and used to
penetrate the tissue. In one embodiment, system 100
includes stop device 212, which stops the advancement of
inner core 106 once pre-determined length 214 of inner core
106 has advanced past distal end 105. Stop device 212 can
be any device which limits the advancement of inner core
106. In this embodiment, stop device 212 includes detent
216 in inner core 106 and detent 218 on the interior surface
of elongated member 104. Detents 216 and 218 are prefer-
ably positioned so that they come into contact and stop the
advancement of inner core 106 once pre-determined length
214 has been reached. Pre-determined length 214 can be any
length suitable for the needs of the application. In one
embodiment, length 214 is the slightly less than the length
of transducer 108 in order to prevent exposure of the
abrasive surface of drive shaft 204 to any surrounding body
tissue.

[0033] FIG. 2B depicts an embodiment of stop device 212
located at distal end 103 of catheter 102. Of course, one of
skill in the art will readily envision other embodiments
similar in effect, including positioning stop device 212 at
proximal end 107 of catheter 102. In addition, many alter-
native embodiments of the structure of stop device 212 can
be implemented, including preventing the advancement of
inner core 106 automatically through the use of software
and/or hardware within control system 114. In one embodi-
ment, control system 114 includes a gauging device config-
ured to gauge the distance inner core 106 has advanced. This
gauging device can be implemented automatically with the
use of hardware or software within control system 114, or it
can be implemented manually, for instance through the
addition of a gauge or index at the proximal end of catheter
102, in view of the user operating system 100.

[0034] FIGS. 3A-G depict one embodiment of system 100
at various stages in the tissue penetration process. FIG. 3A
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depicts an embodiment of catheter 102 in proximity with
body tissue 300 that requires penetration. FIG. 3B depicts
distal end 105 in physical contact with body tissue 300 at
optimum penetration region 302. In one embodiment, trans-
ducer 108 images body tissue 300 to aid in locating optimum
penetration region 302. Whether imaging of body tissue 300
is performed is dependent on the individual application and
medical procedure. FIG. 3C depicts inner core 106 in direct
physical contact with tissue 300 at optimum penetration
region 302. If imaging is performed, then inner core 106 is
rotating prior to contacting tissue 300. However, in an
embodiment where no imaging is performed, control system
114 can initiate rotation of inner core 106 either before or
after contacting inner core 106 with tissue 300.

[0035] FIG. 3D depicts inner core 106 in an extended state
advanced from within elongated member 104 and inner core
106 has penetrated a portion of tissue 300. Some deflection
of tissue 300 has occurred due to the advancement of inner
core 106 prior to total penetration of tissue 300. The amount
of deflection that occurs is dependent on the thickness and
rigidity of tissue 300, as well as the rate of penetration of
inner core 106, which will be discussed in more detail below.
In some embodiments, for instance in the implantation of a
radioactive substance in a tumor, only partial penetration is
desired and once that amount of penetration is reached, inner
core 106 can then be retracted or rotation of inner core 106
can be stopped.

[0036] FIG. 3E depicts an embodiment where total pen-
etration of tissue 300 is desired and accordingly inner core
106 is shown after it has penetrated tissue 300 and created
opening 306 in region 302. FIG. 3F depicts an embodiment
where catheter 102 is in the process of advancing through
tissue 300. In this embodiment axial pressure is applied to
elongated member 104 while inner core 106 is extended and
the resulting force on tissue 300 causes some deflection of
tissue 300 as depicted. Again, the amount of deflection of
tissue 300 depends in part on the thickness, rigidity and type
of tissue 300 being penetrated. The amount of deflection also
depends on the distance 304 between inner core 106 and the
outer surface of elongated member 104, where the smaller
distance 304 requires a smaller amount of axial pressure to
force catheter 102 through opening 306 and accordingly
results in a smaller amount of deflection of tissue 300.
Therefore, for sensitive applications and procedures requir-
ing a low amount of deflection, distance 304 is preferably
kept to a minimum. [t will be readily apparent to one of skill
in the art the numerous ways in which distance 304 can be
adjusted, including changing the distance between the outer
surface of inner core 106 and the inner surface of elongated
member 104 as well as using a thinner material for elongated
member 104. FIG. 3G depicts distal end 105 of elongated
member 104 after it has been advanced through opening 306
in tissue 300.

[0037] FIG. 4 depicts one embodiment of an example
penetration process 400 performed within a living body. At
402, distal end 105 of elongated member 104 is advanced
into proximity with body tissue 300. Next, at 404, inner core
106 is rotated radially around longitudinal axis 208 and at
406, tissue 300 is imaged to locate optimum penetration
region 302. At 408, the distal end of inner core 106 is
advanced past distal end 105 of member 104 such that
imager 108 is placed into contact with tissue 300 at optimum
region 302. It should be noted that the rotation of inner core
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106 can be initiated after it has already been advanced from
within member 104, however, this sacrifices any imaging
capability until inner core 106 begins rotating. Then, at 410,
tissue 300 is penetrated with imager 108 to create opening
306. During the penetration, imager 108 is preferably imag-
ing to provide a more accurate penetration of tissue 300 and
to ensure that inner core 106 remains placed over region
302. Finally, at 412, elongated member is advanced through
opening 306.

[0038] The rate of penetration of tissue 300 is dependent
on the type of body tissue 300 as well as the rate of rotation
of inner core 106, the shape and configuration of transducer
108 and the axial force applied to advance inner core 106.
In many embodiments, a low rate of penetration is desired
in order to increase the accuracy and precision in penetration
as well as to reduce the risk of overshoot. However, a low
rate of penetration can still require a high amount of axial
force or an abrasive configuration if the body tissue 300 is
very hard or resilient to penetration.

[0039] System 100 can be configured to penetrate all types
of body tissue 300 and transducer 108 can be independently
configured to facilitate penetration of each type of body
tissue 300. To achieve the same rate of penetration, softer
tissues generally require less abrasive configurations than
harder tissues. For instance, in embodiments requiring pen-
etration of soft tissue such as skin or membranes, transducer
108 can assume a typical transducer shape where distal end
500 is rounded, such as in the embodiment depicted in FIG.
5A. Alternatively, in the embodiment depicted in FIG. 5B,
distal end 500 of transducer 108 can be substantially flat.
Both of these embodiments reduce the risk that transducer
108 will inadvertently penetrate the interior of elongated
member 104. Penetration of elongated member 104 is not
desirable because it can damage surrounding tissue, result in
loss of catheter fluid 109 and even separation of elongated
member 104, in which case surgery may be required to
remove the severed portion.

[0040] FIGS. 5C-D depict other embodiments of trans-
ducer 108. These embodiments depict transducer 108 in a
related structural configuration, including electrical connec-
tion 501. In the preferred embodiment depicted in FIG. 5C,
distal end 500 of transducer 108 is rounded with a substan-
tially flat surface, while in the embodiment depicted in FIG.
5D, the flat surface located at distal end 500 is offset at an
angle to facilitate penetration of body tissue 300.

[0041] In instances where harder or more resilient tissues
300 are penetrated, distal end 500 of transducer 108 can be
configured accordingly. FIGS. SE-I depict various embodi-
ments of transducer 108 configured to penetrate a harder
tissue 300 or to penetrate tissue at a faster rate. FIG. SE
depicts an embodiment where distal end 500 includes an
abrasive surface 502 and a pointed tip. Abrasive surface 502
can be attached in any manner or it can be formed on distal
end 500 directly. FIG. 5F depicts a similar embodiment
where distal end 500 includes protrusions 504. Again, pro-
trusions 504 can be formed directly on transducer 108 or can
be separately attached. The shape and configuration of
protrusions 504 is dependent on and may vary with the
individual application.

[0042] FIGS. 5G-I depict embodiments of transducer 108
where distal end 500 is pointed to facilitate penetration. In
FIG. 5G, distal end 500 is pointed but the surface of
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transducer 108 is relatively smooth. In FIG. 5H, distal end
500 is also pointed but the surface of transducer 108 includes
flute 506, which is configured to cut tissue 300. This and
similar embodiments can be used in procedures where a very
hard tissue 300, such as bone or plaque, is penetrated. FIG.
51 depicts an embodiment where distal end 500 is coupled
with a drill member 508. In each of the embodiments
depicted, transducer 108 is configured to both facilitate
penetration and at the same time allow imaging to take place
without significant obstruction. In other embodiments where
imager 108 utilizes an alternative type of imaging, a similar
allowance between penetration and imaging capability is
also envisioned. Furthermore, one of skill in the art will
recognize that various configurations of end 500 will affect
the risk of snagging or catching tissue 300 during penetra-
tion, which could result in inadvertent severance of inner
core 106. One of skill in the art will balance the nature and
type of tissue 300 with the risks of inadvertent penetration
of member 104 and inadvertent damage to inner core 106
and the surrounding tissue when determining the embodi-
ment of transducer 108 that is most suitable for the appli-
cation.

[0043] In addition to the configuration of transducer 108,
the rate of penetration is dependent on the rate of rotation of
inner core 106 as well as the axial force applied to inner core
106. A high rate of rotation of inner core will result in a
higher rate of penetration. System 100 can operate with any
rate of rotation. However, because the rotation rate can
directly effect the imaging capability, system 100 is prefer-
ably designed to achieve the desired rate of penetration
while remaining within a rotation rate suitable for imaging.
For instance, in one embodiment, inner core 106 rotates at
a rate at approximately 840-1800 revolutions per minute.
and there are approximately 256 transducing cycles per
rotation. In this embodiment, the rate of rotation is indepen-
dent of the number of transducing cycles in each rotation.
The rate of penetration is also dependent on the axial force
applied to inner core 106, where a higher axial force pushing
inner core 106 distally towards tissue 300 results in a higher
rate of penetration. However, a higher axial force places
stress on catheter 102 and could force catheter to bend and
rupture surrounding body tissues. Also, a higher axial force
could result cause inner core 106 to overshoot and damage
surrounding tissue. Thus, an appropriate amount of axial
force should be used for each particular application.

[0044] As inner core 106 rotates, a level of torque is
generated upon inner core 106. This torque level is depen-
dent on the inertia of core 106 as well as the friction between
core 106 and the surroundings, such as fluid 209 and
member 104. When the level of torque becomes high
enough, inner core 106 can buckle or break. When this
occurs, inner core 106 has reached a maximum torque
threshold. This level of torque can increase significantly
while inner core 106 is penetrating tissue 300. In any of the
embodiments, control system 114 may be configured to
measure the level of torque applied to inner core 106.
Control system 114 can then reduce the rate of rotation of
inner core 106 or stop the rotation altogether if the maximum
torque threshold is reached in order to prevent buckling,
breakage, severance or any other undesirable torque-induced
effects. Furthermore, control system 114 can output the
torque measurement to imaging system 112 where it can be
displayed and monitored by a user.
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[0045] Also, the level of torque can be correlated to the
point where inner core 106 comes into contact with body
tissue 300 and penetrates tissue 300. The added friction
caused by the penetration process increases the level of
torque applied to inner core 106. By measuring the torque
level, system 100 can indicate when penetration of tissue
300 has begun and when inner core 106 has penetrated tissue
300 entirely. In one embodiment, a pre-determined level of
torque indicates when core 106 has penetrated all of tissue
300 and control system 114 is configured to stop rotation
once this pre-determined level is reached. This reduces the
risk of overshoot. The pre-determined level will vary depen-
dent upon the application and the nature of tissue 300. In one
embodiment, a baseline torque level is determined when
system 100 is rotating but not penetrating tissue and the
predetermined level is set to this baseline value. As core 106
penetrates the tissue, the torque level rises and when the
penetration is complete, the torque level decreases to a value
at or near the pre-determined value. Control system 114,
configured to measure the torque level, recognizes this
decrease and terminates the rotation to prevent damage to
any surrounding tissues. In addition, the pre-determined
level can be set at or just below the torque threshold to
prevent damage to core 106.

[0046] FIG. 6 depicts one embodiment of system 100,
including inner core 106 in an extended state. Direction 202
is measured by offset angle 600, which is the angular offset
of direction 202 from longitudinal center axis 208. As stated
above, direction 202 1s the direction in which transducer 108
sends and receives acoustic or other imaging signals.
Accordingly, direction 202 determines where transducer 108
can image. When offset angle 600 is 90 degrees, direction
202 is perpendicular with axis 208 and transducer 108 is in
a side facing configuration and can image body tissue
located along the sides of transducer 108. When offset angle
600 is, decreased, transducer 108 is capable of imaging body
tissue located distally to transducer 108 and is in a forward-
facing configuration. As offset angle 600 decreases, trans-
ducer 108 is capable of imaging body tissue located further
distally to transducer 108. This may be desirable when the
user wants system 100 to image body tissue 300 located
distal to transducer 108 in order to locate optimum penetra-
tion region 302.

[0047] However, if offset angle 600 is too low, for instance
if offset angle 600 were 0 degrees, system 100 may not
create a desired body tissue image. This is because imaging
system 112 requires transducer 108 to image multiple dif-
ferent locations in every rotation and an offset angle of 0
degrees would allow transducer 108 to image only one
location directly distal to transducer 108 along axis 208. The
minimum offset angle 600 varies accordingly with the
imaging capabilities of system 100. Generally, a lower offset
angle will allow tissue located more distally to transducer
108 to be imaged, however the image is typically reduced in
quality because image interpretation becomes more difficult.
Therefore, the offset angle 600 used may be varied based on
the needs of each individual application. If only imaging of
the tissue surrounding transducer 108 is desired, then direc-
tion 202 can be perpendicular to axis 208. For instance, this
might be the case if system 100 were implemented in an
angioplasty procedure and catheter 102 was inserted into a
body lumen requiring imaging capability of tissue directly
surrounding transducer 108. Conversely, if forward imaging
capabilities are needed, then direction 202 can be any angle
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less than 90 degrees and preferably greater than the mini-
mum offset angle. In one embodiment, angle 600 is approxi-
mately 0-45 degrees, and in a preferred forward-looking
embodiment, angle 600 is 45 degrees. However, one of skill
in the art will readily recognize any offset angle can be used
depending on the needs of the application.

[0048] Inany of the embodiments, the system may include
a suction system configured to suction, or apply negative
pressure, within the body. The suction system allows the
removal of excess fluid and debris from within the body. For
instance, the suction system can remove debris resulting
from tissue penetration or blood or other excess bodily
fluids. The suction system can be a vacuum or pump system
coupled with proximal end 107 of catheter 102. In this
embodiment, there is preferably enough space between
elongated member 104 and inner core 106 to allow the flow
of the fluid and any debris within the fluid proximally
through member 104 and into a reservoir or disposal system.
FIG. 7A depicts another embodiment of medical system 100
where the suction system (not shown) is coupled with
elongated tubular suction member 704. Both elongated
member 104 and elongated suction member 704 are slide-
ably received by elongated tubular guide member 702.

[0049] The suction system can also be configured to apply
negative pressure to body tissue 300 and fixate the tissue
with respect to inner core 106. This can facilitate penetration
process 400 by decreasing the likelihood that inner core 106
will penetrate a region other than optimum penetration
region 302. For instance, in this embodiment, once optimum
region 302 is located the distal end of suction member 704
is placed into proximity with tissue 300 and negative pres-
sure is applied such that the suction system fixates tissue
300. Inner core 106 is held in place with respect to suction
member 704 by guide member 702 so that no inadvertent
movement out of region 302 can occur. Tissue 300 can also
be fixated to stabilize inner core 106 and facilitate imaging
of body tissue 300. In addition to suction, fixation can be
achieved by the use of other grasping devices such as hooks
or very small scale forceps.

[0050] FIG. 7B depicts another embodiment of system
100 where guide member 702 includes lumens 708 and 710,
each configured to slideably receive suction member 704
and elongated member 104, respectively. Guide member 702
can be configured with additional lumens to accommodate
other devices insertable within the body. Also, members 104
or 704 can be withdrawn to allow insertion of an additional
device into lumen 708 or 710. Accordingly, the circumfer-
ence of guide member 702, as depicted in FIG. 7A, can be
increased or decreased to accommodate other devices as
needed by the individual application. In certain embodi-
ments, space within the body is limited and may prevent the
use of guide member 702. If suction is required in these
embodiments, in can be applied directly through member
104. Also, the device within each lumen can be withdrawn
and replaced by another device in order to allow the use of
additional devices without adding additional circumference
or lumens to guide member 702.

[0051] One of skill in the art will readily recognize the
many additional devices that can be inserted within guide
member 702. One example of such a device is a coagulation
device configured to suppress bleeding. Several examples of
coagulation devices include cryo-elements, radio frequency
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(RF) energy sources, diathermy devices and lasers. Coagu-
lation devices apply energy to body tissue to suppress
bleeding by that tissue, i.e., to coagulate blood in the tissue.
The type of energy applied depends on the application or the
type of coagulation device used, however several examples
include thermal, such as with cautery or cryotherapy, RE,
mechanical, electrical, acoustical or optical energy. A coagu-
lation device can be coupled with and applied by elongated
member 104, suction member 704 or an additional elongated
member.

[0052] In one embodiment, imager 108 is coupled with an
RF source and functions as a coagulation device by applying
RF energy to the surrounding tissue as it rotates. A slip ring
or commutator electrically connects the RF power supply to
the outside of mnner core 106, which is then connected to
imager 108. This embodiment provides allows a user to
coagulate and penetrate simultaneously. In another embodi-
ment, by reducing the frequency and increasing the ampli-
tude of the RF power supply, inner core 106 can be config-
ured to function as an ablation device.

[0053] In the embodiment depicted in FIG. 7A, wire 706
is a coagulation device such as a single harmonic wire.
Single harmonic wire 706 physically oscillates in response
to acoustic energy applied by a source typically located at
the proximal end of harmonic wire 706. Harmonic wire 706
can be used to physically penetrate tissue 300 prior to
penetration by inner core 106. This technique facilitates the
alignment of inner core 106 in the proper position in
optimum region 302, both by creating a visible target for
penetration by inner core 106 and by creating a path for core
106 to follow in the penetration process. In addition, har-
monic wire 706 can be used as a guidewire within the body,
in addition to the penetration and coagulation functions.

[0054] Additional devices that can be used in any of the
systems include medical prostheses such as balloons, stents
and shunts. FIGS. 8A-B depict and embodiment of system
100 where elongated member 104 includes multiple pros-
theses 802 and 804. In this embodiment prostheses 802 and
804 are a narrow dumbbell circumference balloon and an
expandable stent, respectively. FIG. 8A depicts balloon 802
in an uninflated state, with stent 804 unexpanded. This
embodiment is configured for use with an application of
system 100 directed towards the creation of an opening in
tissue 300, such as the embodiment depicted in FIGS. 3A-G.
This embodiment also provides the capability to enlarge and
maintain an opening once created. It should be noted that the
additional inflation lumen typically necessary to inflate
balloon 802 is not shown to provide ease of discussion.

[0055] The narrow dumbbell circumference configuration
of balloon 802 allows easier alignment and enlargement
within the opening. The ends of balloon 802, proximal end
806 and distal end 808, can be configured to inflate in
sequence or simultaneously, to ensure proper alignment
within the opening. For instance, in a proximal-distal infla-
tion, member 104 is inserted within the opening and proxi-
mal end 806 is inflated on the proximal side of tissue 300.
Pressure applied to member 104 in a distal direction keeps
proximal end 806 in contact with tissue 300. Distal end 808
is then inflated on the distal side of tissue 300 and balloon
802 is aligned and maintained within the opening. The
narrow circumference of the center portion 810 determines
the extent by which the opening is enlarged or dilated. FIG.
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8B depicts balloon 802 in a fully inflated state. In other
embodiments, balloon 802 can be inflated in a distal-proxi-

mal manner where distal end 808 is inflated prior to proxi-
mal end 806.

[0056] Stent 804 expands as balloon 802 inflates and locks
into an expanded position aligned directly with the opening.
Balloon 802 is then deflated and member 104 is removed
leaving stent 804 expanded within the opening and in
position to maintain the opening. In other embodiments,
balloon 802 and stent 804 can be used separately. One
example of this is a self-expanding stent, the use of which
is readily recognized by one of skill in the art. One of skill
in the art will also recognize the numerous varieties of
prostheses 802 and 804, and also the existence of additional
types of prostheses, all of which can be included on member
104 or an addition elongated member and used in conjunc-
tion with system 100.

[0057] To further illustrate the systems and methods
described herein, the implementation of medical system 100
will be discussed in an example medical environment and
procedure. This example procedure involves the treatment
of hydrocephalus with catheter 102. Hydrocephalus is a
swelling of the interior cerebral ventricles caused by excess
cerebro-spinal fluid (CSF). One type of hydrocephalus is
non-communicating, or obstructive hydrocephalus, where
the flow of CSF is blocked along one or more of the narrow
pathways connecting the ventricles. To treat this and other
types of hydrocephalus, a communicating passageway is
created to allow the excess CSF to drain from the swollen
ventricles. The example procedure described herein includes
utilizing a percutaneous intraspinal navigation (PIN) tech-
nique to place catheter 102 into proximity with a swollen
third cerebral ventricle. Catheter 102 is then used to pen-
etrate the tissue of the third ventricle and create an opening
or communicating passageway through which the excess
CSF can drain. This technique offers numerous benefits over
conventional techniques such as an endoscopic third ven-
triculostumy.

[0058] FIG. 9 depicts various portions of central nervous
system 920 of living body 900 in which one embodiment of
system 100 can be utilized. More specifically, FIG. 9 depicts
lumbar region 902, dural membrane 904, brain 906, spinal
canal 908, spinal cord 910, cranium 912, third ventricle 914,
third ventricle membrane 916, CSF 918 and cistern 919.
Shown within lumbar region 902 are lumbar vertebrae L1,
L2, L3, L4 and LS. In this embodiment, system 100 is
configured to enable the percutaneous intraspinal navigation
of catheter 102 from lumbar region 902 through spinal canal
908 and into proximity with third ventricle 914. Catheter
102 preferably includes imager 108 and imaging system
112, which enables system 100 to image the interior regions
of body 900, which facilitates the navigation of those
regions. As mentioned above, imager 108 can use any
imaging technique such as acoustic or optical imaging. For
ease of discussion, imager 108 will be described as an
acoustic transducer in this example environment.

[0059] Percutaneous intraspinal navigation is discussed in
detail in the currently pending U.S. patent application
entitled, “Methods and Apparatuses for Navigating the Sub-
arachnoid Space,” having Ser. No. 09/905,670 and filed on
Jul. 13, 2001, which is hereby incorporated for all purposes
herein. In one embodiment of PIN, distal end 103 of catheter
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102 is inserted into spinal canal 708, also referred to as the
spinal subarachnoid space, through lumbar region 902 and
dural membrane 904. The insertion through region 902 is
preferably in the L3-L4 or L4-L5 spaces, although any
insertion location can be used.

[0060] Once within spinal canal 908, catheter 102 is
navigated anteriorly through spinal canal 908 with care to
avoid damage to spinal cord 910, as well as other spinal and
cranial nerves. Navigation through spinal canal 908 is pref-
erably done with the aid of acoustic imaging, however, other
imaging techniques can be substituted. Catheter 102 is then
navigated into cranium 912 and into proximity with third
ventricle 914. Due to the narrow regions encountered in
navigating through spinal canal 908, the width of elongated
member 104 is kept small, preferably less than 2 mm
(millimeter) or 6F (french). In one experimental embodi-
ment, catheter 102 was a 3F catheter and incurred no
noticeable damage to spinal cord 910 when navigating
spinal canal 908.

[0061] FIG. 10 depicts a closer view of an embodiment of
catheter 102 in proximity with third ventricle 914. Once in
proximity, catheter 102 can image third ventricle membrane
916 in order to locate an optimum penetration region in
membrane 916, such as region 302 in FIGS. 3B-3G. In this
embodiment, the optimum penetration region 302 is prefer-
ably an area of membrane 916 that does not contain blood
vessels or arteries that could pose a significant risk of
bleeding. Also, the presence of achrinoid membranes can
obstruct the penetration of membrane 916 by inner core 106
and the optimum penetration region 302 is preferably chosen
to avoid achrinoid membranes. Once the region 302 is
located, catheter 102 can then be used to penetrate third
ventricle membrane 916 to allow excess CSF 918 to drain
into cistern 919 and spinal canal 908. Excess CSF 918 is
then absorbed and processed by body 900 and the swollen
ventricles return to normal size.

[0062] Because membrane 916 is relatively soft, trans-
ducer 108 does not require extensive abrasive configurations
to penetrate membrane 916. Furthermore, penetration is
facilitated because membrane 916 is under pressure and
stretched due to the excess CSF 918. Therefore, in a pre-
ferred embodiment, transducer 108 is configured similar to
the embodiment depicted in FIG. 5B, where distal end 500
is substantially flat. This configuration can reduce the risk of
damage to any tissue surrounding the penetration region.
However, any configuration depicted in FIGS. 5A-G can be
used to penetrate membrane 916.

[0063] To penetrate membrane 916, elongated member
104 is advanced into contact with the optimum penetration
region 302 and once in place, rotating inner core 106 is also
advanced into contact with the region 302 and penetrates
membrane 916. Again, care is taken to avoid extending inner
core 106 further than is needed to create opening 306.
Preferably, stop device 212 prevents advancement of inner
core 106 once pre-determined length 214 is reached. Open-
ing 306 should be sufficiently large to allow drainage of CSF
918 without closing prematurely. The size of opening 306 is
dictated initially by the diameter of transducer 108. If this
size is sufficient for the needs of the procedure, then inner
core 106 can be retracted within elongated member 104 and
catheter 102 can be withdrawn altogether. If opening 306
needs to be enlarged, elongated member 104 can be
advanced through opening 306.
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[0064] Alternatively, a prosthesis, such as balloon 802
depicted in FIGS. 8A-B, can be advanced into opening 306
and inflated to enlarge opening 306. In addition, in order to
maintain opening 306 and guard against premature closure,
a shunt can be placed in opening 306 to allow excess CSF
918 to drain continually. In one embodiment, system 100 is
configured to suction excess CSF 918 from third ventricle
914. The use of suction to remove excess CSF 918 can be
used when body 900 is not uptaking or processing CSF 918
normally, for instance in the case of communicating hydro-
cephalus.

[0065] As in most medical processes, bleeding poses a
significant risk. This risk is magnified in the present example
due to the proximity of system 100 to brain 906 and spinal
canal 908. In order to mitigate this risk, system 100 prefer-
ably includes a coagulation device as discussed above. The
coagulation device is preferably located on elongated mem-
ber 104 because of the narrow confines of spinal canal 908.
However, any coagulation device can be used provided there
is enough space to accommodate the device within spinal
canal 908 and the remainder of the navigated path through
body 900.

[0066] Medical system 100 can also be implemented in
numerous other medical procedures with or without the PIN
technique. In an embodiment including suction capability,
system 100 can be configured to actively circulate fluid
within body 900. For instance, in the current example, saline
or isotonic CSF can be introduced through member 104 into
third ventricle 914 or an area adjacent to the penetration
region. The excess fluid can be removed through suction
member 904 and this process can be continued to provide
active fluid circulation to lavage, or rinse, the cerebral
ventricles or other internal portions of the body.

[0067] System 100 can be configured to perform tumor
biopsies or to implant radioactive material within a tumor.
System 100 can also be configured to implant electrodes
within the brain or other parts of the body or can perform
electrocorticography or brain stem signal recording. In addi-
tion, system 100 can be configured to induce localized
hypothermia to areas of the body, in which case system 100
is configured to pump low temperature fluids through elon-
gated member 104 to the localized region.

[0068] In one embodiment, imaging system 112 includes
a magnetic resonance (MR) imaging system that allows the
use of catheter 102 with external imaging in real-time. In
this case, the patient is placed in MR imaging system 112
while the physician or other professional performs the
navigation and tissue penetration procedures. Due to the
high magnetic fields generated by MR imaging, catheter 102
preferably uses optical imaging and is substantially com-
posed of non-magnetic or non-metallic materials that will
not interfere with the MR image. Alternatively, if metallic
materials are used then they can be withdrawn during the
MR imaging. For instance, a metallic imager 108 can be
used to navigate catheter 102 into proximity with tissue 300
and, once in place, the metallic imager 108 can be with-
drawn and replaced with a non-metallic inner core 106. The
penetration process can then take place using the non-
metallic inner core and external MR imaging, which detects
the pressure and tissue shifts within body 700 as the pen-
etration process is performed. Other techniques, such as
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computed tomography (CT), computerized axial tomogra-
phy (CAT) or fluoroscopy, or any combination of imaging
techniques can also be used.

[0069] FIG. 11 depicts one embodiment of example pen-
etration process 1100 performed within central nervous
system 900. At 1102, distal end 105 of elongated member
104 is percutaneously inserted into spinal canal 908 of living
body 900 through lumbar region 902 and dural membrane
904. Next at 1104, elongated member 104 is advanced
through spinal canal 908 into proximity with third ventricle
914. Then, at 1106, inner core 106 is rotated radially around
longitudinal axis 208 and at 1108, third ventricle membrane
916 is imaged to locate optimum penetration region 302. At
1110, the distal end of inner core 106 is advanced past distal
end 105 of member 104 such that transducer 108 is placed
into contact with third ventricle membrane 916 at optimum
region 302. It should be noted that the rotation of inner core
106 can be initiated after it has already been advanced from
within member 104, however, no imaging capability is
usually available until inner core 106 begins rotating. Then,
at 1112, membrane 916 is penetrated with distal end 500 of
transducer 108. Finally, at 1114, inner core 106 is retracted
and excess CSF 918 is allowed to drain into spinal canal 908.

[0070] In the foregoing specification, the invention has
been described with reference to specific embodiments
thereof. It will, however, be evident that various modifica-
tions and changes may be made thereto without departing
from the broader spirit and scope of the invention. For
example, the reader is to understand that the specific order-
ing and combination of process actions shown in the process
flow diagrams described herein is merely illustrative, unless
otherwise stated, and the invention can be performed using
different or additional process actions, or a different com-
bination or ordering of process actions. As another example,
each feature of one embodiment can be mixed and matched
with other features shown in other embodiments. As yet
another example, any kind of imaging technique may be
employed, such as ultrasound, light-based (e.g., OCT or
OCDR), MR], etc. Features and processes known to those of
ordinary skill may similarly be incorporated as desired.
Additionally and obviously, features may be added or sub-
tracted as desired. Accordingly, the invention is not to be
restricted except in light of the attached claims and their
equivalents.

What is claimed is:
1. A method of penetrating a body tissue of a living body,
comprising:

advancing a distal end of an elongated tubular member
into a living body, the member configured to slideably
receive an inner core;

rotating the inner core of the elongated member radially
around a longitudinal axis;

advancing a distal end of the inner core past the distal end
of the member such that an imager located at the distal
end of the inner core is placed into contact with a body
tissue; and

penetrating the body tissue with the distal end of the
rotating inner core.
2. The method of claim 1, wherein rotating the inner core
comprises imaging the body tissue with the imager.
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3. The method of claim 2, further comprising generating
an image of the body tissue with an imaging system.

4. The method of claim 3, further comprising locating an
optimum penetration region of the body tissue with the
imager.

5. The method of claim 2, wherein the distal end of the
elongated member is inserted into a lumen of the body and
rotating the inner core comprises imaging the lumen.

6. The method of claim 5, wherein the body lumen is a
body canal.

7. The method of claim 1, further comprising advancing
the distal end of the elongated member into contact with the
body tissue prior to advancing the distal end of the inner core
past the distal end of the elongated member.

8. The method of claim 1, further comprising stopping the
advancement of the distal end of the inner core once a
pre-determined length of the inner core has advanced past
the distal end of the elongated member.

9. The method of claim 1, further comprising gauging
how far the inner core has advanced past the distal end.

10. The method of claim 1, further comprising suctioning
the body tissue to fixate the tissue prior to penetrating the
tissue.

11. The method of claim 1, further comprising suctioning
fluid from within the body.

12. The method of claim 11, further comprising introduc-
ing a fluid into the area adjacent to the penetration region
and suctioning the fluid from the adjacent area.

13. The method of claim 1, wherein penetrating the body
tissue comprising penetrating the tissue to create more than
one opening through the tissue.

14. The method of claim 13, further comprising inserting
a prosthesis into the opening.

15. The method of claim 14, further comprising enlarging
the prosthesis to dilate the opening.

16. The method of claim 1, further comprising coagulat-
ing the body tissue in the penetration region with a coagu-
lation device to suppress bleeding,

17. The method of claim 16, further comprising coagu-
lating the body tissue with radio frequency (RF) energy
applied by the imager.

18. The method of claim 1, further comprising ablating
the body tissue with radio frequency (RF) energy applied by
the imager.

19. The method of claim 1, wherein advancing a distal end
of an elongated member comprises:

percutaneously inserting the elongated member into a
spinal canal of the living body; and

advancing the elongated member along the spinal canal

into proximity with a body tissue.

20. The method of claim 19, wherein the body tissue is a
cerebral ventricle.

21. The method of claim 20, further comprising penetrat-
ing the ventricle with the distal end of the inner core to create
an opening sufficient to access the ventricle.

22. The method of claim 21, further comprising draining
fluid from the ventricle through the opening.

23. The method of claim 21, further comprising inserting
a shunt into the opening.

24. The method of claim 23, further comprising enlarging
the prosthesis within the opening.
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25. The method of claim 22, further comprising;
advancing the elongated member into the ventricle; and

suctioning fluid from the ventricle with the elongated

member.

26. The method of claim 19, wherein percutancously
inserting the elongated member comprises percutaneously
inserting the elongated member into the spinal canal through
a lumbar region of the living body.

27. The method of claim 26, wherein the elongated
member is percutaneously inserted through an L.3-1.4 lumbar
space of the lumbar region.

28. The method of claim 26, wherein the elongated
member is percutaneously inserted through an L4-L5 lumbar
space of the lumbar region.

29. The method of claim 1, wherein the imager is an
acoustic transducer configured to image at an imaging angle
offset from the longitudinal axis of the elongated member.

30. The method of claim 1, wherein a distal end of the
imager is configured to facilitate penetration of the body
tissue.

31. The method of claim 30, wherein a distal end of the
imager comprises an abrasive surface to facilitate penetra-
tion of the body tissue.

32. The method of claim 30, wherein a distal end of the
imager comprises a drill member.

33. The method of claim 30, wherein a distal end of the
imager is substantially flat.

34. The method of claim 30, wherein a distal end com-
prises a plurality of protrusions.

35. The method of claim 30, wherein a distal end of the
imager is pointed.

36. The method of claim 30, wherein the imager com-
prises a flute.

37. The method of claim 1, further comprising imaging
the body externally in real-time.

38. The method of claim 1, further comprising imaging
the body externally with magnetic resonance imaging.

39. The method of claim 1, further comprising implanting
aradioactive material in the body tissue comprising a tumor.

40. The method of claim 20, further comprising circulat-
ing fluid within the ventricle.

41. The method of claim 20, further comprising introduc-
ing a low temperature fluid into the ventricle to induce local
cerebral hypothermia.

42. The method of claim 1, further comprising measuring
a level of torque applied to the inner core with a control
system when the core is rotating.

43. The method of claim 42, further comprising stopping
advancement of the inner core if a maximum torque thresh-
old is reached.

44. A medical system, comprising;

an elongated tubular member comprising a distal end and
configured to slideably receive an inner core, wherein
the distal end is configured to allow the inner core to
advance outside the elongated member;

the inner core comprising a distal end, the inner core
configured to rotate radially around a longitudinal axis
of the elongated member;

an imager located at or near the distal end of the inner
core, the imager configured to image a body tissue and
output an image signal, the imager being adapted to be
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rotated and placed into contact with the body tissue
such that the imager penetrates the body tissue; and

an imaging system communicatively coupled with the
imager and configured to generate an image of the body
tissue from the image signal of the imager.

45. The system of claim 44, wherein a distal end of the
imager is configured to penetrate the body tissue.

46. The system of claim 45, wherein the distal end of the
imager comprises an abrasive surface to facilitate penetra-
tion of the body tissue.

47. The system of claim 45, wherein the distal end of the
imager comprises a drill member.

48. The system of claim 45, wherein the distal end of the
imager is substantially flat.

49. The system of claim 45, wherein the distal end
comprises a plurality of protrusions.

50. The system of claim 45, wherein the distal end of the
imager is pointed.

51. The system of claim 44, wherein the imager comprises
a flute.

52. The system of claim 44, wherein the imaging system
comprises a display configured to display the image and
facilitate the location of a safe penetration region of the body
tissue.

53. The system of claim 44, further comprising a control
system configured to control the rotation of the inner core.

54. The system of claim 53, wherein the control system is
further configured to measure a level of torque applied to the
inner core.

55. The system of claim 44, wherein the elongated mem-
ber is insertable into a lumen of the body and the imager is
configured to generate an image signal of the lumen.

56. The system of claim 55, wherein the lumen is a body
canal.

57. The system of claim 44, further comprising a stop
device configured to prevent the transducer from advance-
ment greater than a pre-determined length past the distal end
of the elongated member.

58. The system of claim 44, further comprising a gauge
configured to gauge the advancement of the transducer past
the distal end of the elongated member.

59. The system of claim 44, further comprising a pros-
thesis insertable into an opening in the body tissue and
configured to dilate the opening.

60. The system of claim 59, wherein the prosthesis is
located on the elongated member.

61. The system of claim 59, wherein the prosthesis is a
narrow circumference dumbbell balloon.

62. The system of claim 59, wherein the prosthesis is
detachable and configured to maintain the opening.

63. The system of claim 44, further comprising a suction
system configured to suction fluid or debris from within the
body.

64. The system of claim 63, wherein the suction system is
coupled with the elongated member and is configured to
suction through the elongated member.

65. The system of claim 63, wherein the suction system is
coupled with an elongated tubular suction member and is
configured to suction through the elongated suction member.

66. The system of claim 65, wherein the suction member
is configured to suction the body tissue and fixate the tissue
with respect to the inner core.
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67. The system of claim 63, further comprising an elon-
gated tubular guide member configured to slideably receive
the elongated member and the elongated suction member.

68. The system of claim 65, further configured to intro-
duce fluid to the body and suction fluid from the body such
that the fluid is circulated within the body.

69. The system of claim 44, further comprising a coagu-
lation device insertable into the body and configured to
coagulate the body tissue to suppress bleeding.

70. The system of claim 69, wherein the coagulation
device is the imager and wherein the imager is electrically
coupled with a radio frequency (RF) energy source.

71. The system of claim 69, wherein the coagulation
device is located on the elongated member.

72. The system of claim 44, further comprising an abla-
tion device.

74. The system of claim 72, wherein the ablation device
is the imager and wherein the imager is electrically coupled
with a radio frequency (RF) energy source.

75. The system of claim 69, further comprising a second
elongated tubular member comprising the coagulation
device.

76. The system of claim 69, further comprising an elon-
gated tubular guide member insertable into the body and
configured to slideably receive the elongated tubular mem-
ber and the second elongated tubular member.

77. The system of claim 44, wherein the elongated mem-
ber is percutaneously insertable into a spinal canal of the
living body.

78. The system of claim 44, wherein the body tissue is a
cerebral ventricle.

79. The system of claim 78, wherein the imager is
configured to penetrate the ventricle and create an opening
sufficient to access the ventricle.

80. The system of claim 78, wherein the elongated mem-
ber is insertable into a spinal canal of the living body
through a lumbar region.

81. The system of claim 44, wherein the imager is an
acoustic transducer configured to image at an imaging angle
offset from the longitudinal axis of the elongated member.
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82. The system of claim 44, further comprising an exter-
nal imaging system configured to image the body in real-
time.

83. The system of claim 82, wherein the external imaging
system is a magnetic resonance imaging system and wherein
the elongated member and inner core are comprised of
materials that do not substantially interfere with an image
produced by the magnetic resonance imaging system.

84. The system of claim 44, wherein said elongated
tubular member is part of a catheter.

85. The system of claim 44, further comprising a control
system coupled to a proximal end of the inner core and
configured to measure a level of torque applied to the inner
core when the inner core penetrates the body tissue.

86. The system of claim 85, wherein the control system is
further configured to control advancement of the inner core
outside the elongated member and to stop advancement of
the inner core when a pre-determined level of torque on the
inner core is reached.

87. A method of manufacturing a medical system, com-
prising:

providing an elongated tubular member comprising a

distal end and a proximal end and configured to slide-
ably receive an inner core, wherein the distal end is
configured to allow the inner core to advance outside
the elongated member; and

providing the inner core comprising an imager configured
to penetrate a body tissue when rotated radially around
a longitudinal axis of the elongated member and placed
into contact with the tissue, wherein the imager is
located at a distal end of the inner core and is config-
ured to image the body tissue and output an image
signal; and

providing an imaging system communicatively coupled
with the imager and configured to generate an image of

the body tissue from the image signal of the imager and
display the image on a display.
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