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(57) Abstract: Less invasive surgical techniques for performing brain surgery are dis-
closed in which a dilating obturator and cannula assembly is inserted into brain tissue until
the obturator tip and cannula are adjacent to the target tissue. The oburator is removed and
surgery is performed through the cannula. In preferred embodiments the obturator and
cannula are placed using image guidance techniques and systems to coordinate placement
with pre-operative surgical planning. A stylet with associated image guidance may be in-
serted prior to insertion of the obturator and cannula assembly to guide insertion of the
obturator and cannula assembly. Surgery preferably is performed using an endoscope par-
tially inserted into the cannula with an image of the target tissue projected onto a monitor.
Dilating obturator structures having a rounded or semi-spherical tip and/or an optical win-
dow for visualizing brain tissue during expansion are contemplated. Expandable sleeve
structures for dilating brain tissue also are disclosed, and may be dilated using a dilating
obturator/cannula assembly, a balloon, a balloon in combination with a collapsible can-
nula, or a radially-expanding, shorting braid also are disclosed.



WO 2006/050047 A2 II}1}10 Y N0VOH0 T 00 00 00 AR

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 2006/050047 PCT/US2005/038828

Apparatus and Methods for Performing Brain Surgery

Priority

This application claims the benefit of the priority of co-pending US provisional application

60/622,991, filed Oct. 28, 2004.

Technical Field

The present disclosure relates to methods of accessing and performing surgery within

the brain.

Background
Diagnosis and treatment of conditions affecting the brain are among the most difficult
and complex problems that face the medical profession. The brain is a delicate soft tissue
structure that controls bodily functions through a complex neural network connected to the rest
of the body through the spinal cord. The brain and spinal cord are contained within and
protected by significant bony structures, e.g., the skull and the spine. Given the difficulty of
accessing the brain through the hard bony protective skull the diagnosis and treatment of brain

disorders presents unique challenges not encountered elsewhere in the body.

Diagnosis of brain disorders requires clear, accurate imaging of brain tissue through the
skull. In recent years significant advances have been made in imaging technology, including
stereotactic X-ray imaging, Computerized Axial Tomography (CAT), Position Emission
Tomography (PET) and Magnetic Resonance Imaging (MRI). See, for example, Butler U.S.
Patent 6,359,959. These imaging devices and techniques permit the surgeon to examine
conditions within the brain in a non-invasive manner without opening the skull. If a target
lesion or mass is identified through use of one or more imaging techniques, it may be
necessary or desirable to biopsy a lesion within the brain. Stereotactic techniques and
apparatus for directing a biopsy needle to the site are described and shown, for example, in

Cosman U.S. Patents 6,331,180 and 6,416,520.

Once a diagnosis has been reached based upon one or more imaging techniques, a

treatment plan must be developed. One available method of treatment involves X-ray therapy



10

15

20

25

30

WO 2006/050047 PCT/US2005/038828
such’ds-disclostd'in':éber 8. Patetit 5,513,238; Shiu U.S. Patent 5,555,283; Cosman U.S.
Patents 5,748,703, 5,778,043, 5,947,981, 6,459,769; and Kooy U.S. Patents 6,005,919,
6,041,101, and 6,278,766. Alternatively, surgical treatment may be necessary or desired. In
order to operate surgically on the brain, access must be obtained through the skull and delicate
brain tissue containing blood vessels and nerves that can be adversely affected by slight
disturbances. Therefore, great care must be taken in operating on the brai.n not to disturb
delicate blood vessels and nerves so that adverse consequences do not result during or aftér
surgery. Brain surgery can be highly invasive. In some instances, in order to obtain access to
target tissue, a substantial portion of the skull is removed and entire sections of the brain are
retracted to obtain access. Of course, such techniques are not appropriate for all situations, and
not all patients are able to tolerate and recover from such invasive techniques. It is also known
to access certain portions of the brain by forming a hole in the skull, but only limited surgical
techniques may be performed through such smaller openings. In addition, some techniques
have been developed to enter through the nasal passages, opening an access hole through the

occipital bone to remove tumors located, for example, in the area of the pituitary.

A significant advance in brain surgery is stereotactic surgery involving a stereotactic
frame correlated to stereotactic X-ray images to guide a probe or other surgical instrument
through an opening formed in the skull through brain tissue to a target lesion or other body.
See, for example, U.S. Patents 6,331,180 and 6,416,520. A related advance is frameless image
guidance, in which an image of the surgical instrument is superimposed on a pre-operative
image to demonstrate the location of the instrument to the surgeon and trajectory of further
movement of the probe or instrument. Image guided surgery is described, for example, in
Guthrie U.S. Patents 5,230,623, 5,971,997, 6,120,465, and 6,409,686; Cosman U.S. Patents
5,662,111, 5,848,967, 6,006,126, 6,167,295, 6,259,943, 6,275,725, 6,351,661, 6,405,072,
6,662,036, and 6,675,040; and Faro U.S. Patents 5,251,127, 5,305,203, and 5,748,767.

U. S. patent application serial number 60/623,094 proposes alternate methods and
devices for performing brain surgery involving inserting a cannula with a dilating obturator
into the brain to gently dilate the brain tissue. The cannula and dilating obturator may be
inserted under image guidance. The cannula provides access to tissue within the brain and
provides a working space for the surgeon to perform surgery on structures of the brain,
preferably using an endoscope partially inserted into the cannula to visualize the operative site

at the end of the cannula. The image from the endoscope may be projected onto a monitor or
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scréeri-to sSistithe suiFgeon atid thiersito visualize the structures of the brain. The present
disclosure provides alternative structures and techniques useful in performing surgery in

accordance with the techniques disclosed, described or shown in the foregoing application.

Dubrul U.S. Patents 5,183,464 and 5,431,676 disclose and describe expandable dilators
or trocars useful for accessing hollow body organs. Structures similar to those described by
Dubrul have been marketed and sold for laparoscopic access under the trademark STEP by
Innerdyne, Inc., and subsequently by the AutoSuture Division of Tyco Healthcare Group, LP
(Norwalk, CT). Expandable cannula structures having longitudinal wire also are disclosed and

described in Bonutti U.S. Patent 5,320,611.

Urban U.S. Patent 5,860,996 discloses and describes an optical trocar for use in
laparoscopic surgical procedures. The optical trocar includes a movable cutting blade
extendable from a rounded optical window at the distal tip as penetration through tissue is
observed through an endoscope inserted into a sleeve until the tip of the endoscope is adjacent
to the window. Optical trocars have been marketed for laparoscopic access under the
trademark VISIPORT by the AutoSuture Division of Tyco Healthcare Group, LP (Norwalk,
CT). Penetrating optical trocars also are shown and described in Kaali U.S. Patents 5,334,150,
5k376,076, 5,380,291, 5,551,947, 5,609,562, and 5,702,761; Sauer U.S. Patents 5,441,041,
5,467,762, 5,569,160, and 6,685,630; Reik U.S. Patents 5,271,380, 5,431,151, 5,685,820, and
6,007,481, and Hassler U.S. Patent 5,445,142,

Summary of the Disclosure

Apparatus and methods are disclosed for atraumatically dilating brain tissue to access

target tissue within the brain.

A first apparatus for accessing brain tissue has a dilating obturator with a blunt rounded
distal tip, a substantially cylindrical shaft portion, and a proximal handle portion. A cannula is
disposed around the shaft portion and preferably is made of a transparent material. The
obturator and cannula assembly preferably is associated with an image-guided surgery system
so that placement of the obturator and cannula assembly can be carefully monitored and

controlled as the obturator and cannula assembly is atraumatically inserted into brain tissue.
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Inf a-fifst e dimetitidfiiichian apparatus the-obturator has a longitudinal channel
therethrough configured and dimensioned to receive the shaft of a narrow stylet or probe. The
stylet or probe has attached thereto image guidance means calibrated to indicate the orientation
and position of the stylet or probe. An image guidance system interacts with the stylet or
probe to display for the surgeon on a monitor an image of the stylet or probe superimposed
onto an image of the patient s brain, such as an MRI image. The image may be a pre-operative
MRI image used for surgical planning. When the stylet or probe is mounted in the longitudinal
channel of the obturator, the superimposed image of the probe also is indicative of the position

and orientation of the dilating obturator and the cannula.

Traditional methods are used to incise and retract soft tissue of the scalp covering the
skull. A hole is made in the skull, and the dura is opened and retracted to provide access to the
brain. The stylet or probe is inserted through the obturator longitudinal channel and advanced
until a length of the stylet or probe extends out of and beyond the blunt rounded tip of the
dilating obturator. The dilating obturator and cannula assembly is held back away from the
tissue as the stylet or probe is gently advanced through the brain tissue under both direct vision
and positional image guidance until the tip of the stylet or probe is adjacent the target tissue.
Once the stylet or probe is placed and the position is confirmed using the image guidance
system, the blunt rounded dilating obturator and cannula assembly is slowly and carefully
advanced into the brain tissue to atraumatically spreéd the tissue over the dilating tip and
around the cannula while maintaining the position of the stylet or probe as a guide to
advancement of the obturator and cannula assembly. A gentle back and forth rotation during
insertion may facilitate placement of the obturator and cannula assembly. Once the dilating
obturator and cannula assembly are correctly positioned adjacent the target tissue, the stylet or
probe and dilating obturator are removed, leaving the cannula in place to support and protect
the dilated brain tissue. Preferably, the cannula is clear so that the dilated brain tissue may be
visually inspected through the walls of the cannula to assure that no damage was caused to

surrounding brain tissue during insertion of the device.

Alternatively, in a second contemplated embodiment of such an apparatus the image
guidance means may be mounted directly to the dilating obturator and cannula assembly so
that the obturator and cannula assembly may be inserted without a separate stylet or probe. In

this configuration, the obturator and cannula assembly is inserted into the brain tissue under
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R e

imdgeteulddndé tintit e obhifatdrisiadjacent the target tissue. Once the obturator and cannula

assembly is positioned, the dilating obturator is removed, leaving the cannula in place.

In yet a third contemplated embodiment of such an apparatus, the dilating obturator and
cannula assembly may be inserted into the brain under direct visualization without use of an

image guidance system.

In yet a fourth alternative embodiment a tissue dilator has an optical window at the tip
thereof and is configured and dimensioned to receive an endoscope or like device such that the
user may visualize brain tissue as the dilator is inserted directly into the brain. The optical
dilator is surrounded by a cannula, and may optionally also have a longitudinal channel to
receive a stylet or probe. The optical dilating obturator and cannula assembly may be inserted
into the brain under direct visualization, and progress through brain tissue may be observed
during insertion either directly through the endoscope or by projecting the image from the
endoscope onto a monitor or screen. The optical dilator and cannula assembly may be
provided with identifying indicia compatible with an image guidance system such that the
optical dilating obturator and cannula may be inserted utilizing both visualization of brain
tissue and image guidance. Alternatively, the optical dilator may be provided with an auxiliary
channel configured and dimensioned to receive a stylet or obturator, such that the stylet may be
inserted into the brain to the target tissue under image guidance, with the optical obturator used
to visualize the brain tissue as the optical obturator and cannula assembly is inserted over the
stylet to reach the target tissue. After the optical obturator and cannula assembly is inserted to
the desired location the optical dilator, stylet (if used) and endoscope may be removed, leaving
the cannula in place to provide access and a working space to the surgeon. The same or
another endoscope may thereafter be mounted partially extending through the cannula to
provide visualization of the target tissue at the end of the cannula for surgery. Alternatively,
optics may also be incorporated directly into the optical dilator, or an endoscope may be

inserted through the cannula such that the endoscope acts as the dilator.

After the cannula is placed, surgery may be performed through the cannula, either
under direct vision or more preferably using an endoscope and camera system to project an

enlarged image of the target tissue onto a monitor to visualize the tissue during surgery.
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Préférdtily! tHe-tanniiliiidst dfameter of approximately 10 mm to 20 mm, and more

preferably 10 mm to 15 mm. An endoscope of a substantially smaller diameter, such as a 4
mm endoscope, is mounted partially inserted into the cannula. The endoscope is mounted to
one side of the cannula and inserted so that the image projected onto the monitor is of the
target tissue at the end of the cannula. In practice, a 4 mm endoscope is inserted
approximately halfway into the cannula is appropriate to create the desired image display
while leaving a substantial portion of the cannula open and available for the insertion of
instruments to perform surgery. Optionally, a camera holder may be used to secure the

endoscope in the desired position.

Appropriate surgical instruments are then used to perform surgery upon the target
tissue. For example, scissors, graspers and suction tools may be inserted through the cannula,
visualizing the tips of the instruments to perform the desired procedure either directly with the
naked eye or through a microscope, or indirectly through the endoscope using the endoscope
eyepiece or more preferably and camera system to display the image on a monitor. A
preferred instrument for debulking brain tissue is a fluidized ultrasonic instrument, such as
CUSA (Valleylab, Boulder Colorado). Monitoring equipment may be used to monitor brain
function during surgery to assist the surgeon in understanding the effects of the actions taken
during surgery on the brain so that the surgery may be terminated in the event an indication of

an adverse effect is detected.

After surgery upon the target tissue is complete, the cannula is gently removed, and the

dura, skull and scalp are closed in a traditional fashion.

In an alternative apparatus, a stylet or probe is inserted into the brain, preferably under
image guidance, until the tip of the probe is adjacent target tissue within the brain. The stylet is
surrounded by an expandable sleeve extending substantially the entire length of the stylet or
probe which is inserted into the brain together with the stylet or probe. An expanding dilator

and cannula assembly is then inserted into the expandable sleeve to atraumatically expand the

sleeve to the diameter of the cannula, thereby atraumatically dilating the brain tissue

surrounding the expandable sleeve to accommodate the cannula. In one such embodiment, the
dilator and cannula assembly is inserted over the stylet with the stylet extending through a
longitudinal passage provided for that purpose through the dilator. Alternatively, it is

contemplated that the stylet or probe may be removed prior to inserting the dilator and cannula
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assefiibly, kuch'that fhe' expinidatilésieve remains as placed in the brain using the stylet, ready
to receive and guide the dilator and cannula assembly. The expandable sleeve may be attached
to a hub, with the cannula and dilator inserted through the hub into the expandable sleeve.
Alternative variations of the dilating tip and cannula are contemplated. By way of example
only, the dilating obturator may have a blunt conical tip or a semi-spherical, curved or other
outer surface configured to expand the expandable sleeve to the diameter of the cannula
without requiring undue force or traumatizing surrounding tissue. A substantially flat or
slightly curved tip surface may suffice depending upon the ratio of the unexpanded sleeve to

the cannula diameter.

In a further alternative embodiment, it is contemplated that a radially dilating structure
may be used rather than a dilator that utilizes longitudinal insertion to expand the sleeve. In
one radially expandable configuration segments of cannula wall are moved into a configuration
to define a cannula, and may become self-supporting in such configuration or may be locked

into such position by one or more locking elements.

Another radial expansion device involves a braid structure that is compressed so that
the resulting decrease in braid angle causes the tubular or other shaped braid to expand. Such a
radially expanding braid may be used to expand the expandable sleeve or may be incorporated

directly into and become part of the expandable sleeve.

In yet a further alternative embodiment the cannula is inserted into the expandable

sleeve without a dilating obturator.

In yet a further alternative embodiment the dilating obturator to be inserted into the
expandable sleeve may have a clear or transparent window at the tip, with a longitudinal
channel configured and dimensioned to receive an endoscope. In this manner, as the dilator is
inserted through the expandable sleeve, the surgeon may view the brain tissue being dilated,
and may immediately visualize the target tissue after the dilating tip has been inserted to the
desired depth. The optical dilator may optionally include a longitudinal channel to receive the

stylet or probe.

In all of the contemplated embodiments, the surgeon is provided with a cannula which

is atraumatically inserted and which atraumatically retracts brain tissue to provide access and
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wotkihg spacé-siitficieht to-aliow thiefSurgeon to perform surgery on the target brain tissue.
While the cannula is shown and described as cylinclincal, it is also contemplated that the
cannula may have a non-circular cross-section, such as square, rectangular, elliptical, oval or

other shape as may be necessary or desirable under particular circumstances.

The devices and methods disclosed herein provide numerous advantages in performing
brain surgery. Gentle atraumatic dilation of the brain tissue makes it possible to operate
further inside the brain than otherwise would be possible utilizing traditional surgical
techniques. The disclosed methods and apparatus create an access area to work while
simultaneously protecting adjacent brain tissue from inadvertent collateral damage and trauma
that might otherwise occur if more traditional surgical techniques were to be ﬁtilized. In
addition, accessing target tissue through the cannula as contemplated avoids more invasive
techniques that involve removing substantial portions of the skull and retracting large portions
of the brain to gain access to operate on target tissues. In some cases, the devices and methods
may make it possible to operate on target tissue that would, without these devices and

methods, otherwise be regarded as inoperable using previously known techniques.

Brief Description of the Drawings

The accompanying drawings form a part of this disclosure, in which:

Fig. 1 is a perspective view, with parts separated, of an access device in accordance
with a first embodiment;

Fig. 2 is a cross-sectional view of an obturator and cannula assembly, with parts
separated, in accordance with the first embodiment;

Fig. 3 is a perspective view of an obturator, cannula and stylet assembly in accordance
with the first embodiment;

Fig. 4 is a perspective view, with parts separated, of an access device in accordance
with a second embodiment;

Fig. 5 is a perspective view, with parts separated, of an access device in accordance
with a third embodiment;

Fig. 6A is a partial cross-section view of a first optical dilator with an endoscope
disposed in the optical dilator;

Fig. 6B is a partial cross-section view of a second optical dilator, with a stylet

extending through the dilator and an endoscope disposed in the optical dilator;
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Fig. 7 is an illustration of the first embodiment with the stylet inserted to a point
adjacent target tissue within the brain;

Fig. 8 is an illustration of the first embodiment with the obturator and cannula aésembly
partially inserted into and atraumatically separating brain tissue;

Fig. 9 is an illustration of the first embodiment, with the obturator and cannula
assembly inserted over the stylet to target tissue;

Fig. 10 is an illustration of a cannula in place holding brain tissue apart to provide
access to target tissue;

Fig. 11 is an illustration of an endoscope mounted partially within the cannula and a
scissors and suction device inserted to debulk and remove target tissue;

Fig. 12 is an illustration of a cannula in place after target tissue has been removed,;

Fig. 13 is an illustration showing brain tissue having resumed its position occupying
the space previously occupied by the cannula during surgery;

Fig. 14 is ;1 perspective view of a stylet with an expandable sleeve;

Fig. 14A is a proximal end view of the expandable sleeve and hub assembly;

Fig. 15 is an illustration of the embodiment of Fig. 14 inserted into brain tissue;

Fig. 16 is an illustration of the embodiment of Figs. 14 and 15, with the stylet removed
and a dilating obturator and cannula assembly inserted into and expanding the expandable
cannula; .

Fig. 17 is an illustration of the embodiment of Fig. 16 with the dilating obturator
removed to provide a cannula in the expandable sleeve to provide access to the target tissue;

Fig. 18 is a cross-section view of an expandable sleeve device with the stylet disposed
within the expandable sleeve and a dilating obturator and cannula assembly mounted over the
stylet shaft proximal to the expandable sleeve;

Figs. 19A and 19B are cross-section views of an expandable le sleeve with a balloon-
actuated radially expandable cannula;

Figs. 20A and 20B are partial cross section views illustrating an alternative structure
for radially expanding an expandable sleeve; and

Fig. 21 is a cross section view of a cannula including a proximal annular flange.

Detailed Description of the Preferred Embodiments

Referring now to the drawings, Figure 1 illustrates a first embodiment of an apparatus

10 for accessing target tissue within the brain in order to perform brain surgery. The access
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devicd-intludes a'dahntila +254@ifatifly obturator 14 and a stylet or probe 16. Stylet or probe
16 has a small diameter elongated shaft 18, a handle 20 and associated position indicators 22
for a position guidance system. Stylet shaft 18 has a blunt tip 24 that can be inserted into and
advanced through brain tissue. In Fig. 1, image guidance position indicators are shown as
infrared reflectors of the type use in connection with optical image guidance systems, although
other position indicating systems could be used. As shown, the infrared feﬂeétors used with
such a system are mounted to the stylet handle in a customary triangular configuration
calibrated to identify the tool to the image guidance system. Such imaging systems are
available, for examble Medtronic Surgical Navigation Technologies (Denver, Colorado),

Stryker (Kalamazoo, Michigan), and Radionics (Burlington MA).

Typically, the positioning of the indicator reflector balls is calibrated such that the
image guidance system recognizes the particular tool and projects an image of the tool onto a
display of images of the patient s brain, such as MRI images used to plan surgery. Calibration
of instruments to an image guidance system is disclosed, for example, in Costales U.S. Patent
5,921,992. As the instrument is inserted, the surgeon can see the relative position of the
instrument relative to the structures of the brain as reflected on images used to plan surgery,
particularly with respect to the target tissue.

Dilating obturator 14 has a proximal handle portion 26, a substantially cylindrical shaft
portion 28, and a blunt dilating tip 30. Blunt dilating tip 30 is of a rounded atraumatic
configuration, such as a semi-spherical dome or other gently curved surface. A longitudinal
access channel 32 extends through the dilating obturator 14. The longitudinal channel is
configured and dimensioned to receive shaft 18 of the stylet or probe 16. Cannula 12 is
substantially cylindrical and is configured to slide over and mount onto the substantially
cylindrical shaft 28 of the dilating obturator 14. Leading edge 34 of cannula 12 may be

chamfered to reduce insertion force and minimize trauma during insertion into the brain.

Fig. 2 is a cross-section view of the cannula 12 and dilating obturator 14 of the first
embodiment, illustrating blunt rounded dilating tip 30 of the dilating obturator 14, the
chamfered lead edge 34 of cannula 12 and the longitudinal access channel 32 extending axially

through the entire length of the dilating obturator.

Fig. 3 is a perspective view of the first embodiment in an assembled condition, with

cannula 12 disposed over the shaft of dilating obturator 14 and stylet or probe shaft 18 inserted

10
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thréiigh the lonigituditiil access €hintiél 32 of the dilating obturator. Stylet 18 is shown
projecting from the distal, rounded tip of the dilating obturator.

Fig. 4 is a perspective view, with parts separated, of a second embodiment of an access
device 50 for brain surgery. Access device 50 includes a cannula 52 with a chamfered lead
edge 54. Access device 50 also includes a dilating obturator 56 having a handle portion 58, a
substantially cylindrical shaft 60 and an atraumatic blunt dilating tip 62. Blunt tip 62 has a
rounded distal surface, such as a semi-spherical surface. Cannula 52 is configured and
dimensioned to mount over shaft 60 of the dilating obturator. The obturator shaft is configured
and dimensioned to removably fit into the cannula inner diameter and to occupy the open
space within the cannula.. As shown in Fig. 4, the image guidance identification device 64
with infrared imaging reflectors 66 is attached directly to the dilating obturator, eliminating the
stylet or probe of the first embodiment. Accordingly, the dilating obturator of the second

embodiment also need not include the longitudinal access channel for the stylet or probe.

For illustration purposes devices disclosed herein are shown with infrared reflectors as
used with available optical image guidance systems. Other guidance systems, such as
magnetic or eleétromagnetic or radio transmitting systems may also be used, and the
illustration of infrared reflectors and discussion of optical image guidance systems are
exemplary only and are not intended to be limiting. In addition, currently available image
guidance systems superimpose an image of the tool onto a pre-operative image. It is
contemplated that as technology continues to progress that real-time imaging capability may
become available in the operating room, and that the image of the tool may then be shown in

relation to the surrounding tissue structures on a real time image.

Fig. 5 is a perspective view, with parts separated, of a third embodiment of an access
device 70 for brain surgery. Access device 70 includes cannula 72 with chamfered lead edge
74, and a dilating obturator 76. Dilating obturator 76 includes a handle 78, substantially
cylindrical shaft 80 and rounded dilating tip 82, which may be semi-spherical. Access device
70 does not include apparatus for calibrating the position of the dilating obturator with an

image guidance system or a stylet or probe for aiding insertion of the dilating obturator.

Figs. 6A and 6B illustrate an alternative dilating obturator and cannula assembly which

may be used with the foregoing embodiments. More specifically, Figs. 6A and 6B illustrate an

11
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cannula assembly is inserted into the brain.

Referring now to Fig. 6A the optical dilating obturator and cannula assembly is
configured to include a cannula 82 and a dilating obturator 84 having a transparent optical
window 86 at the distal end of the obturator. Preferably, the transparent optical window is
rouhded, such as the semi-spherical window shown in Fig. 6A. As shown, a longitudinal
channel 88 configured and dimensioned to receive an endoscope is provided in the obturator.
An endoscope 90 is shown inserted into the endoscope channel in the dilating obturator. In
use, the optical dilating obturator and cannula assembly may be used as in the embodiment of
Figs. 4 and 5 to visualize the brain tissue as the obturator and cannula assembly is inserted into
the brain. Thus, the image acquired by the endoscope through the distal optical window may
be observed as the obturator and cannula is inserted into the brain tissue. The image may be
projected onto a monitor or screen for display for visualization as the obturator is inserted. If
the optical dilating obturator and cannula assembly is used together with an image guidance
system, the position of the instrumentation may be displayed in one image while the optical

view through the endoscope is display in another.

Fig. 6B illustrates an optical dilating obturator and cannula assembly similar to that of
Fig. 6A using like reference numerals for corresponding structures, but configured to
accommodate stylet shaft 18 of the embodiment shown in Figs. 1-3. As shown, optical
dilating obturator 84 additionally includes a longitudinal stylet or probe channel 92 configured
and dimensioned to receive the stylet or probe shaft 18. As in the embodiment of Figs. 1-3, the
stylet or probe is inserted through stylet or probe channel 92 until the stylet or probe 18
extends distally from the optical dilating obturator. With the optical dilating obturator and
cannula assembly withdrawn proximally up the stylet shaft, the stylet or probe is inserted,
preferable under image guidance, to a point adjacent to the target tissue. The optical dilating
obturator and cannula are then moved distally to dilate and spread the brain tissue over the
cannula. As the optical dilating obturator and cannula are advanced, the brain tissue being
dilated may be visually observed through the endoscope, preferably by displaying the image on

a monitor or screen.
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tissue, the optical dilating obturator and stylet (if used) are removed, leaving the cannula in

place to permit the surgeon to perform surgery through the cannula.

Figs. 7-11 illustrate the use of the access device 10 of the first embodiment during

minimally invasive brain surgery, as will now be described.

In Fig. 7, a partial cross-section view of the access device 10 with probe or stylet 16
inserted through an opening 100 formed in a patient s skull 102 through brain tissue until tip
24 of stylet 16 is adjacent target tissue 104. Opening 100 is made in a traditional manner, by
incising the prepared and marked scalp, dissecting the scalp away from the underlying bony
skull 102, retracting the scalp away from the area where hole 100 is to be formed, and then
forming hole 100 using a drill, saw or similar apparatus in a known manner. After an opening
has been formed in the skull, the dura overlying and protecting the brain is carefully incised
and retracted to provide access to the brain. Stylet 16 is approximately 12 cm to 15 ¢cm in
length and approximately 3 mm in diameter and may be atraumatically urged through brain

tissue until the target tissue is reached. Because stylet handle 20 is associated with imaging

| targets 22 the position of the stylet may be confirmed one or more times during insertion

against pre-operative surgical planning images using an image guidance system. As shown in
Fig. 8, once stylet 16 is placed, the dilating obturator with cannula is advanced carefully along
the stylet so that the blunt rounded tip 30 atraumatically dilates the brain tissue. In Fig. 8, the
dilating obturator is shown partially inserted into the brain, with blunt rounded tip 30 spreading

the brain tissue as the obturator is advanced.

In Fig. 9, the access device is shown inserted into brain tissue until the tip of the
dilating obturator is adjacent the target tissue. As shown, the brain tissue has been spread apart
and surrounds cannula 12. With the access device fully inserted, the stylet and obturator are
removed, leaving the open cannula 12 to provide surgical access to the target tissue, as
illustrated in Fig. 10. The brain tends to occupy the space available within the skull and, as
shown in Fig. 10, after the obturator is removed the target tissue will have a tendency to
approach the open end of the cannula. If this does not naturally occur it may be desirable to
separately advance the cannula forward either before or after removing the dilator so that the

end of the cannula is located directly next to the target tissue.
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the target tissue through the cannula. In this regard, it is contemplated that cannula lengths of
up to about 6 cm may be necessary or desirable, although a cannula length of about 4 cm
should be sufficient to reach most areas of the brain where surgery is to be performed using the
access device and methods described herein. It is also contemplated that the cannula may have
an inner diameter of approximately 10 mm to 20 mm, and more preferably about 10 mm to 15
mm to allow multiple instruments, such as graspers, dissectors, scissors, and suction
instruments to be inserted through the cannula to perform surgery. The cannula wall thickness
may be on the order of from about 1 mm to about 3mm. In the event removal of tissue is
desired, a debulking suction irrigation device such as a CUSA device (Valleylab, Inc., Boulder
CO.) may be used. See, for example, Rose U.S. Patent 6,083,191; Stoddard U.S. Patents
6,214,017, 6,256,859, and 6,654,999; and Cimino U.S. Patent 6,602,227. Alternatively, a
scissor and separate suction tube may be used. In a preferred method of performing surgery
illustrated in Fig. 11, an endoscope of approximately 4 mm diameter is partially inserted and
held to one side of the cannula, and the image of the end of the cannula and the target tissue is
projected onto a monitor for viewing by the operating surgeon, assistants and others.
Advantageously, a recording of the surgery also may be made. In Fig. 11, the endoscope 108
is illustrated inserted into the cannula 12 and held in place by the arm 110 of a scope holding
device, thereby eliminating the need for the surgeon or assistant to hold the scope. Endoscope
108 is attached to a source of illumination 112 by a light cable 114. While the endoscope can
be used under direct vision utilizing the endoscope eyepiece, it is preferred to attach a camera
116 to the endoscope which in turn is attached via a cable 118 to a video device 120 such as a
VCR or DVD with an accompanying monitor display 122. Recent advances in operating room
display equipment permit large monitoring devices, such as flat panel displays to be used. The
latter display is particularly useful for teaching or lecturing purposes, as it allows multiple
persons to observe the surgical technique. Without such a display, it would be impractical to
have numerous persons in the operating field attempting to observe the surgery. Live
telesurgery also is contemplated. Also shown in Fig. 11 is a scissor 124 and suction tube126
being used to debulk and remove target tissue 104. Preferably, at all times during insertion of
the access device into the brain and during surgery through the cannula, the patient’s brain
function and condition is monitored so that the surgeon may be alerted in the event the patient
becomes distressed or otherwise is adversely affected by the surgeon’s actions. In the event
signs of stress or adverse effects are noted, the surgeon may decide to continue the surgery,

wait to see if the patient stabilizes, or terminate the procedure. Because of the sensitive nature
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of brain‘tisshid-drid héséeiatéd hietvies wnd blood vessels, it is not uncommon for a surgeon to
terminate a procedure before removing all target tissue in order to avoid the risk of serious

adverse effects upon the patient.

After surgery on the target tissue is complete, the instruments are removed from the
cannula. As the target tissue is removed, the brain tissue fills the void formed by removing the
target tissue so that healthy brain tissue underlying the now removed target tissue is adjacent
the end of the cannula, as shown in Fig. 12. The cannula is then gently removed and the brain
tissue naturally fills the space formerly occupied by the cannula, as shown in Fig. 13. This can
take several minutes, but is relatively atraumatic. The dura, skull and scalp are closed in a

known manner.

It is contemplated that the cannula may be from about 2 cm to about 6 cm in length,
although different lengths may be desirable for particular situations. The cannula also
preferably is clear, and is made to have a smooth outer surface to minimize trauma to the brain
tissue. An important function of the cannula is to maintain the brain tissue in a separated
condition to provide access and room to perform surgery. Just as important, however, is the
function of the cannula to protect surrounding brain tissue from trauma due to contact with
instruments during surgery. Thus, the cannula performs the dual functions of maintaining
working space created during insertion of the obturator and cannula assembly and protecting
surrounding brain tissue from trauma that might otherwise be caused during surgery by contact
with surgical instruments. Alternate cross-sectional shapes for the cannula and obturator also
are contemplated, such as square, oval, or elliptical. Of course, the dilating tip configuration
may need to be altered in order to provide atraumatic dilation of the brain tissue if such
alternate cross-sections are used. The circular cross-section and rounded tip of the dilating
obturator illustrated in the accompanying drawings has been found to be satisfactory, and
permits gentle back and forth rotation to be used during insertion to urge the blunt dissecting

tip through the brain tissue.
In all of the foregoing embodiments, it is also contemplated that the proximal end of

the cannula may include an annular flange or collar, as shown in fig. 21, to facilitate handling

and to prevent the cannula from advancing into the brain during surgery.
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placed using a guide stylet which has previously been placed into the brain under image
guidance. Alternative techniques for placing the stylet are contemplated. For example, rather
than using image guidance, it is contemplated that the stylet may be placed using a stereotactic
headframe, such as a Leksell frame (Elekta, of Sweden) or a GTC frame (Radionics,
Burlington, Massachusetts). In a further alternative using such a headframe, the dilating
obturator and cannula may be placed using such a headframe and eliminating the need for the
stylet. Such stereotactic headframes and associated methods of approaching target tissue within
the brain along a predetermined trajectory are shown and described in Cosman U.S. Patent
6,331,180.

In the further alternative embodiment shown in Fig. 4, the dilating obturator equipped
with image guidance means mounted directly to the obturator may be inserted under guidance
without the use the stylet of the first embodiment. In using the embodiment of Fig. 4, the scalp
and skull are opened in a traditional manner. Once access to the brain is established by
opening and retracting the dura, dilating obturator 56 with cannula 52 mounted onto shaft 60 is
urged through the brain tissue so that the rounded semi-spherical tip of the obturator
atraumatically spreads the brain tissue until the target tissue is reached. As the dilating
obturator is advanced, the position of the obturator may be checked using the image guidance
system. Preferably, the obturator is pre-calibrated to the image guidance system. See, for
example, Costales U.S. Patent 5,921,992. In this regard, it is also contemplated that the image
guidance means could be mounted to the cannula, but such an approach is less preferred
because the image guidance means would remain attached to the cannula during surgery or the
image guidance means would need to be removed from the cannula prior to surgery, adding
another step to be performed. Attaching the image guidance means to the obturator
accomplishes the objective of guiding placement of the cannula while also conveniently
removing the image guidance means from the surgical field with the obturator after the cannula

is placed so that the image guidance means does not obstruct the operative field.

Current image guidance systems superimpose an image of the instrument upon a pre-
operative image of the patient s skull. As imaging techniques and equipment improve, it is
contemplated that real time imaging will be available. Such real-time imaging techniques will
be particularly useful with the techniques of the present method, as it will be possible to

observe the position of the dilating obturator in relation to the real-time image of the brain

16



10

15

20

25

30

WO 2006/050047 PCT/US2005/038828
structires'rathet thid BYy. cothpariséfi & pre-operative images. The infrared image guidance
reflectors shown in the first and second embodiments are used in connection with known
optical image guidance systems. Such optical image guidance systems require a direct line of
site between the image guidance balls and the camera of the image guidance system. While

such optical image guidance may be used in the surgical methods described herein, it is

' contemplated that magnetic image guidance also may be well suited for use in the present

method. As the name implies, a magnetic image guidance system uses magnetic forces to
detect the position and orientation of the instrument. Because no direct line of site is require,
the magnetic position sensors may be detected even while positioned within the skull. It is
therefore contemplated that one or more magnetic position sensors may be positioned at or
near the tip of the dilating obturator so that the position of the tip may be more directly
detected and displayed. One electromagnetic guidance system is available from the
Visualization Technologies division of GE Medical Systems. Compare Ferre U.S. Patents
5,676,673, 5,800,352, 5,803,089, 5,829,444, 5,873,822, 5,967,980, 6,175,756, 6,341,231, and
6,445,944,

While the preferred method utilizes image guidance to guide insertion of the dilating
obturator and, hence, placement of the cannula, it is understood that it is possible to insert the
dilating obturator without image guidance. Thus, the third embodiment of Fig. 5 consists only
of a dilating obturator and cannula assembly without any associated image guidance apparatus.
In use, the dilating obturator 76 with cannula 72 over the shaft 80 is inserted under direct
visualization through brain tissue until the blunt rounded, semi-spherical obturator tip is
adj aceﬁt to the target tissue. An experienced surgeon also may find it useful to inspect pre-
operative images displayed on the monitor simultaneous with insertion of the obturator so that
the surgeon may compare the pre-operative image to what is visible during insertion of the
obturator under direct visualization. After the obturator and cannula of Fig. 5 has been
inserted, the obturator is removed as in prior embodiments to leave the cannula in place as

shown in Fig. 10.

Thereafter, surgery is preformed through the cannula. After surgery, the cannula is

removed and the dura, skull and scalp are closed in a traditional manner.

Referring now to Figs. 14-16, an alternative structure for creating surgical access is

shown. In this embodiment, an expandable sleeve 200 is mounted to a sleeve hub 202, such as
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by cdpturirig-theisiidiéfithe sleevgibstiieen two parts of the hub which are snapped or welded
together during assembly. As shown in Fig. 14A, which is a cross-section view taken along
lines 14A-14A of Fig. 14, hub 202 has a bore 204 configured and dimensioned to allow a
dilating obturator and cannula assembly to be inserted through the hub into the expandable
sleeve 200. A stylet or probe 216 having a shaft 218 is inserted through the hub bore 204 and
through the sleeve 200 with sleeve 200 in an unexpanded state. Stylet 216 preferably includes
a handle 220 and image guidance reflectors 222 similar to the embodiment shown in Figs. 1-3.
By way of example only, sleeve 200 may have an outer diameter on the order of 3mm to 4mm

with the stylet shaft 218 inserted therethrough.

Referring to Fig. 15, in use stylet shaft 218 with sleeve 200 mounted thereon is inserted
through bore hole 100 in the skull 102 into the brain until tip 224 of shaft 218 is adjacent target

tissue 104, preferably using image guidance.

As shown in Fig. 16, after the expandable sleeve is inserted adjacent target tissue 104,
stylet 216 is withdrawn, leaving expandable sleeve 200 in place. Thereafter, dilating obturator
and cannula assembly 226 is inserted through bore 204 in hub 202, such that the blunt dilating
tip 230 of the dilating obturator, which may be conical, rounded, semi-spherical (as shown) or
other suitable atraumatic shape, spreads the expandable sleeve 200 to dilate the brain tissue
and receive cannula 228. Once the obturator and cannula assembly 230 has been inserted, the
dilating obturator 232 is removed, leaving cannula 228 surrounded by expandable sleeve 200
in place to provide access to target tissue 104 for surgery to be performed as previously

described, as shown in Fig. 17.

In an alternative configuration shown in Fig. 18, dilating obturator 332 is provided with
a longitudinal channel 334 configured and dimensioned to receive stylet or probe shaft 318. In
this embodiment, the dilating obturator and cannula assembly is pre-mounted to the stylet or
probe shaft 318. Shaft 318 is of sufficient length to accommodate both the expandable sleeve
assembly and the dilating obturator/cannula assembly in stacked end to end relation. In use,
the stylet shaft 318 with the surrounding sleeve is inserted into the brain under image guidance
(reflectors 322 allow orientation of the entire assembly under image guidance). Once the stylet
and sleeve are placed, the dilating obturator and cannula assembly may be slid distally over the
stylet shaft 318 so that sleeve 200 expands over the dilating tip and cannula, gently spreading

the brain tissue sufficiently to receive cannula 328. This may be accomplished by holding hub
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302%nfend hadd d#hitioBtiratbi*hihdletd26 in the other, and moving the obturator distally while
maintaining the position of the stylet and expandable sleeve. An advantage of this |
configuration is that the position of the stylet tip 324 relative to target tissue 104 may be
confirmed under image guidance at one or more intervals as the dilating obturator and cannula
assembly is inserted into the expandable sleeve, thereby assuring proper cannula placement.
Alternative configurations are contemplated. For example, image guidance reflectors may be
mounted to the dilator to be used with the embodiment shown in Fig. 16 either in addition to or
in place of image guidance reflectors on the stylet or probe assembly. It is also contemplated
that the optical dilating obturator of Figs. 6A — 6B may be used with the expandable sleeve
embodiments of Figs. 14-18.

In yet a further embodiment of the expandable sleeve approach shown in Figs. 19A and
19B, the cannula may be inserted in collapsed segments contained within the expandable
sleeve and inserted together with the stylet and expandable sleeve. A radial force is applied to
urge the cannula wall segments radially outward, thereby expanding the expandable sleeve and
establishing the full cannula opening. The cannula wall segments lock in place in a manner
similar to a Roman arch to support the expanded sleeve and create a working space. The radial
force to expand the cannula segments may be created by a balloon, which desirably may be
collapsed to a very low profile and yet may create the desired radial force to expand the sleeve,
dilate the brain tissue and lock the cannula wall segments in place. Alternatively, coil or
spring structures may be used to create the desired radial force to expand the sleeve and

cannula.

Referring to Figs. 19A and 19B, an example of a balloon expanded cannula/sleeve
assembly is shown in cross section at a point along the shaft of the expandable sleeve device.
As shown in Fig. 19A, stylet shaft 418 is at the center of the structure, surrounded in radially
outward order by a collapsed balloon 440, overlapping cannula wall sections 430 and
expandable sleeve 400. All components extend the length of the expandable sleeve. The tip of
stylet shaft 418 is inserted into brain tissue until the stylet tip and, hence, the distal end of the
expandable sleeve is placed adjacent the target tissue, preferably using image guidance.
Balloon 440 is expanded, such as by being filled under pressure with saline. The pressure
created in the balloon forces the cannula wall segments 430 radially outward until the wall
segments lock in place. See Fig. 19B. As the cannula wall segments are moved radially

outward and lock into place, expandable sleeve 400 is in turn expanded outward to dilate
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surrduniding brain-tissiie. - Otice*thedaninula walls are locked out, the balloon may be deflated
and the stylet and balloon removed, leaving an open cannula to access and perform surgery on

target brain tissue.

The radial expanding sleeve may provide advantages in performing brain surgery.
First, because longitudinal force is not utilized to expand the sleeve, there is less likelihood
that the expandable sleeve will inadvertently be advanced further into the brain during
expansion. Furthermore, because radial force is generated along the lengt\h of the stylet and
cannula, no blunt dilating tip extends beyond the cannula after dilating brain tissue, as may

occur with the use of a longitudinal advancement of a dilating obturator.

Referring now to Figs. 20A and 20B, an alternative structure for radially expanding
sleeve 400 is shown in which shortening the length of an expanding structure 442 radially
expands sleeve 400. As shown in Fig. 204, in a first position expanding structure 42 has a
first braid angle and a relatively small radial width. As shown in Fig. 20B, with the distal end
of expanding structure 442 constrained against longitudinal movement, such by tethering the
end of the braided structure, the proximal end of the braid is urged distally so that the braid
shortens. The distal end of the braid could be tethered, for example, by a plurality of
longitudinally extending wires or filaments circumferentially disposed around the braid
running the length of the braid to the distal end thereof. As the braid is shortened, the braid
angle decreases and the diameter of the braid increases, thereby expanding the sleeve to create
the desired diameter of sleeve for working access to the target tissue. Because the force
required to dilate brain tissue is relatively low, shortening the braid may develop sufficient
force to radially expand the sleeve, and consequently the surrounding brain tissue. It is also
contemplated that the approach of shortening a braid to create radial force could be used to

open cannula segments 430 (see Figs. 19A and 19B) to their open, locked position.

~ Inall of the foregoing embodiments the surgeon is provided an open cannula to access
target tissue within the brain. Advantageously, the open cannula is placed atraumatically
which may allow surgery to be performed deeper in the brain or in areas of the brain
previously believed to be inaccessible without high risk of advance consequences for the

patient.
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Numetdig bdodificatichsaiidadditions to the embodiments shown or described herein

will become apparent to those skilled in the art based on this disclosure, and the disclosure is
not intended to be limiting with respect to such additions or modifications. By way of
example, although not shown it is contemplated that the proximal end of the cannula in all
embodiments may be mounted to a housing or handle to facilitate control and movement of the
cannula. By way of further example, such a cannula housing could couple to the expandable
cannula housing (see Figs. 14-18) to positively position the cannula with respect to the

expandable sleeve housing and, hence, the expandable sleeve.

The techniques described herein are particularly useful to access tumors, cysts or other
conditions which might otherwise be considered inoperable or might require much more
invasive transcranial surgery to remove a larger portion of the skull and retract a substantial
amount of brain tissue. The techniques described herein using dilating obturator and cannula
permit brain surgery to be performed in a less invasive manner through an opening in the skull
that is substantially smaller then otherwise possible, on the order of a 2 ¢cm to 4 cm in diameter

rather than a much larger opening for more traditional surgical techniques.
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What'is-claimeéd 8!

1. A method of performing brain surgery comprising:

identifying target tissue located within the brain; _

accessing the brain through an opening formed through the skull;

advancing a blunt dilating obturator having a shaft portion and an optically transparent
tip at the distal end thereof into said brain tissue with a cannula mounted over
said shaft portion while visualizing brain tissue through the optically
transparent tip until the blunt dilating obturator is positioned adjacent the target
tissue; and

removing the blunt dilating obturator leaving the cannula in place to provide access to

the target tissue.

2. The method of claim 1 wherein said step of advancing the blunt dilating obturator

further comprises atraumatically dilating brain tissue.
3. The method of claim 1 wherein said step of advancing the blunt dilating obturator and
cannula further comprises atraumatically spreading brain tissue until the brain tissue surrounds

the cannula.

4, The method of claim 1 further comprising performing surgery on the target tissue

through the cannula.

5. The method of claim 4 further comprising inserting an endoscope into the cannula and

performing surgery on the target tissue while visualizing the target tissue on a monitor.

6. The method of claim 1 further comprising breaking up and removing said target tissue

through the cannula.

7. The method of claim 4 further comprising the step of removing the cannula from the

brain after performing surgery.
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8. The méthdd'of clairh™? fifrthér'comprising the step of monitoring brain function during
surgery. '

9. The method of claim 1 further comprising the steps of providing a transparent cannula

and viewing brain tissue through the wall of the cannula.

10.  The method of claim 1 wherein said step of advancing the blunt dilating obturator until
the blunt dilating obturator is positioned adjacent target tissue further comprises advancing the

blunt dilating obturator under image guidance.

11.  The method of claim 1 wherein said step of advancing the blunt obturator and cannula
further comprises advancing a blunt obturator and cannula having a cannula diameter of from

about 10 mm to 15 mm and a cannula length of from about 2 cm to 6 cm.

12.  The method of claim 1 wherein said step of advancing a blunt dilating obturator further

comprises advancing said blunt dilating obturator over a stylet.

13.  The method of claim 12 wherein said stylet is placed into brain tissue under image

guidance.
14. A method of performing brain surgery comprising:

identifying a target tissue located within the brain;

accessing brain tissue through an opening formed in the skull;

directing a narrow probe surrounded by an expandable sleeve through brain tissue until
the probe is adjacent to the target tissue;

providing a dilating obturator and cannula assembly, the dilating obturator having a
shaft portion and a blunt dilating tip, and the cannula being disposed over the
shaft portion;

advancing the dilating obturator and cannula assembly through the expandable sleeve
to gently dilate brain tissue until the cannula extends adjacent to the target
tissue;

removing the probe and the obturator, leaving the cannula in place to provide access to

the target tissue.
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15, The method of claim 14 further comprising performing surgery on the target tissue

through the cannula.

16.  The method of claim 14 further comprising the step of placing an endoscope extending

at least partially into the cannula to view the brain tissue adjacent the end of the probe.
17. The method of claim 16 further comprising performing surgery on the target tissue
through the cannula while observing a display of the image of the target tissue from the

endoscope.

18. The method of claim 14 further comprising breaking up and removing the target tissue
through the cannula.

19.  The method of claim 14 further comprising the step of removing the cannula from the

tissue after performing surgery through the cannula.

20.  The method of claim 14 further comprising the step of monitoring brain function

during surgery.

21.  The method of claim 14 further comprising the step of providing a transparent cannula

and viewing brain tissue through the wall of the cannula.

22.  The method of claim 14 wherein the step of directing the probe through brain tissue

further comprises directing the probe under image guidance.

23.  The method of claim 14 wherein said step of advancing the dilating obturator further

comprises advancing the dilating obturator under image guidance.

24.  The method of claim 14 wherein said step of advancing the dilating obturator further

comprises atraumatically dilating brain tissue.
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25.  THe idthotidfElainm 14 Wierdih said step of advancing the dilating obturator and
cannula further comprises expanding the sleeve to atraumatically spread brain tissue until the

brain tissue surrounds the cannula and sleeve.

26.  The method of claim 14 wherein said step of advancing the blunt obturator and cannula
further comprises advancing a blunt obturator and cannula having a cannula outer diameter of

from about 10 mm to 15 mm and a cannula length of from about 2 cm to 6 cm.

27. Apparatus for accessing brain tissue comprising:
an obturator and cannula assembly including
a dilating obturator having an atraumatic dilating tip, an optical window and a
shaft portion;

a cannula disposed around the dilating obturator shaft portion.

28.  The apparatus of claim 27 wherein the atraumatic dilating tip is substantially conical.

29.  The apparatus of claim 27 wherein the atraumatic dilating tip is substantially hemi-

spherical.

30.  The apparatus of claim 27 wherein the dilating obturator shaft portion is substantially

cylindrical;

31.  The apparatus of claim 27 wherein the dilating obturator has a longitudinal passage
configured and dimensioned to receive an endoscope such that the endoscope is aligned with
the optical window.

32.  The apparatus of claim 27 wherein the dilating obturator further includes a handle
portion, the handle portion and the dilating tip being disposed at opposite ends of the

shaft portion.

33.  The apparatus of claim 27 wherein said cannula is transparent.

34, The apparatus of claim 27 wherein the cannula has an inner diameter of from about 10

mm to about 15 mm.
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35.  The apparatus of claim 27 wherein the cannula has a length of from about 2 cm to

about 6 cm.
36.  The apparatus of claim 27 wherein the cannula has a smooth outer surface.

37.  The apparatus of claim 27 wherein the cannula has a chamfered lead edge adjacent the

obturator tip.

38.  The apparatus of claim 27 further comprising image guidance means associated with

the obturator and cannula assembly.

39.  The apparatus of claim 27 wherein the image guidance means is mounted to the

obturator handle.

40.  The apparatus of claim 38 wherein the image guidance means is mounted to the

cannula.

41.  The apparatus of claim 38 wherein the image guidance means further comprise a

plurality of infrared reflectors.

42.  The apparatus of claim 38 wherein the image guidance means further comprise an

electromagnetic indicator.

43.  The apparatus of claim 27 wherein the dilating obturator has a longitudinal passage
therethrough, and further comprising a surgical probe having a shaft configured and

dimensioned to be received in the obturator longitudinal passage.
44.  The apparatus of claim 40 wherein the longitudinal passage through the dilating
obturator is configured and dimensioned to receive a probe shaft of approximately 3 mm in

diameter.

45, The apparatus of claim 43 further comprising image guidance means associated with

the surgical probe.
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46.  The apparatus of claim 45 wherein the image guidance means comprises an optical

image guidance means.

47.  The apparatus of claim 45 wherein the image guidance means comprises a plurality of

infrared reflectors.

48.  The apparatus of claim 45 wherein the image guidance means comprises an

electromagnetic image guidance means.
49.  Apparatus for accessing brain tissue comprising:

an obturator and cannula assembly including a dilating obturator having an

atraumatic, substantially hemi-spherical dilating tip and a shaft portion;
a cannula disposed around the dilating obturator shaft portion.
50. The apparatus of claim 49 wherein the atraumatic tip includes an optical window.

51.  The apparatus of claim 50 wherein the shaft portion includes a passage to receive an

endoscope.

52.  The apparatus of claim 49 wherein the cannula has an inner diameter from about 10mm

to about 15mm.

53.  The apparatus of claim 49 wherein the cannula has a length of from about 2cm to about

6¢cm.

54.  The apparatus of claim 49 further comprising image guidance means associated with

the obturator and cannula assembly.

55.  The apparatus of claim 49 where the dilating obturator includes a longitudinal passage

therethrough configured and dimensioned to receive a surgical probe.
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56.  The appatatds§de chaifrf 55 fafther comprising image guidance means associated with

the surgical probe.

57. A method of accessing brain tissue comprising:
identifying target tissue located within the brain;
accessing the brain through an opening formed through the skull;
providing a stylet having an expandable sleeve mounted thereover;
advancing the stylet and expandable sleeve into brain tissue until the distal end
of the stylet and expandable sleeve are adjacent to the target tissue; and
expanding the expandable sleeve to dilate brain tissue and provide access to the

target tissue.

S58. The method of claim 57 further comprising the step of performing surgery through the

expanded sleeve.

59. The method of claim 57 wherein the step of expanding the expandable sleeve
comprises removing the stylet from the expandable sleeve and inserting a dilating obturator

and cannula assembly into the expandable sleeve.
60. The method of claim 57 wherein step of expanding the expandable sleeve comprises
advancing a dilating obturator and cannula assembly over the stylet to expand the expandable

sleeve.

61.  The method of claim 57 wherein the steps of advancing the stylet and expandable

sleeve comprises advancing the stylet and expandable sleeve using an image guidance system.

62.  The method of claim 57 wherein the expanding step comprises inflating a balloon to

expand the expandable sleeve.

63.  The method of claim 62 wherein inflating a balloon moves cannula wall segments into

a cannula configuration.

64.  The method of claim 57 wherein the expanding step comprises shortening a tubular

braid structure to cause radial expansion.
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65.  The method of claim 59 wherein the dilating obturator includes an optical window, and -

the step of inserting the dilating obturator further includes the step of observing brain tissue

through the optical window as the dilating obturator is inserted.

66.  An apparatus for accessing brain tissue comprising;
a probe;
image guidance means associated with said probe;
an expandable sleeve mounted over the probe; and

means for expanding said expandable sleeve.

67.  The apparatus of claim 66 wherein said image guidance means comprise optical

reflectors.

68.  The apparatus of claim 66 wherein said means for expanding comprises a dilating

obturator and cannula assembly.

69.  The apparatus of claim 66 wherein said means for expanding comprises a collapsible

cannula.

70. The apparatus of claim 66 wherein said means for expanding comprises a balloon.

71.  The apparatus of claim 66 wherein said means for expanding comprises a balloon

disposed longitudinally along said stylet.

72.  The apparatus of claim 71 wherein said means for expanding further comprises a

collapsible cannula expandable by said balloon.

73.  The apparatus of claim 66 wherein said means for expanding includes a tubular braid

that, when shortened, creates a force directed radially outward.
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