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CURVED SURG CAL | NSTRUMENTS AND METHOD OF MAPPI NG A CURVED PATH FOR
STEREOTACTI C SURGERY 5 FI ELD OF I NVENTION This invention relates to the
field of stereotactic surgery, and particularly to curved instrunments and
met hod of mapping a curved path for stere®tactic surgery for situations
where a straight path is inpossible or woul d be nore 10 invasive or risky

than a curved-path. BACSGRVED SUREGICAVENSPRUMENTSENANDUr e and
Definition of Terms 15METHOD |OF MAPENGXiIA CORVED'PATH #ORCi ated with
neurosurgery, and STEREOTACTIC SURGERY

5 FIELD OF INVENTION

This invention relates to the field of stereotactic surgery, and particularly
to curved instruments and method of mapping a curved path for stereotactic
surgery for situations where a straight path is impossible or would be more

10 invasive or risky than a curved path.
BACKGROUND OF THE INVENTION

1.  Nomenclature and Definition of Terms
15 |

Currently, stereotaxis is generally associated with neurosurgery, .and
particularly with intracranial surgery. However, in the following description,
the terms "stereotaxis" or "stereotactic surgery" or "stereotactic surgical
procedure" shall not be used in that limited sense; rather it should be
20 understood that the term shall be used more generally to distinguish it from
. the "cdnventional“ surgical procedures where a large incision is made in a
patient. Hence, the terms "stereotaxis", "stereotactic surgery", "stereotactic
surgical procedure” shall encompass those clinical procedures where a rigid
instrument is inserted into a small opening and is navigated, by control of the
25 part that remains outside, to a pre-determined area of a patient's body.
However, frequent references wili be made to intracranial surgery as a way of
illustrating the invention and its mode of operation, and therefore, such

references should not be construed as a limitation on the present invention.



particularly with intracranial surgery. However, in the follow ng
description, the terns "stereotaxis" or "stereotactic surgery" or
"stereotactic surgical procedure” shall not be used in that [imted sense;
rather it should be 20 wunderstood that tize termshall be used nore
generally to distinguish it fromthe "conventional" surgical procedures

where a largez:i..r.]gf?éé.c?@)tibﬁ mﬁlgﬁé?a@?% 'i'ent. Hence, the terns

"stereotaxi s, ereotactrc surge stereotactic surgical procedure”
shal | enconpass those clinical procedures where a rigid instrunent is
inserted into a small opening and is navigated, by control of the 25 part

that remains out %t@?boté@ti@s@fg@nf@él% KnBRH & stefotaxiglis WHll KndvadlYo those
However, frequent references wWll be nmade to intracranial surgery as a way

of illustratigkilidchin tie eit.i dnistacspdcialnBugicdl proeedireofor waatind ancimeror
such references should not be construed as a limtation on the present
i nvention5 portion of a patient, usually the brain and other intracranial structures, by
inserting a rigid probe into a small opening. In conventional open surgery,
the surgeon makes an incision lafge enough for the surgeon to see the path
leading to the area of pathology. Stereotaxis, on the other hand, does not
requife the surgeon to actually see the entire path, so a small opening, only
10 big enough to insert the probe, is required. Hence, stereotactic surgical
procedures' offer the advantage of minimizing the damage to the tissues
surrounding the lesion area, and promotes faster recdvery of the patient.
Because a surgeoh performing stereotactic surgery does not directly
~ view the inner portions of the brain, he must be able to map out a path and
15 note fhe sensitivity of the tissues surrounding the damaged area. He must
also be able to navigate the probe such that the position of the probe
corresponds exactly with the designated path. To achieve the necessary
control, a number of apparatus and methods have recently been developed.
CAT scan technology, magnetic resonance imaging (MRI), angiography,
20 digital subtraction angiography (DSA) and similar diagnostic procedures are
currently used to obtain the visual image of the intracranial area. Such
devices are coupled tb apparatus, typically a rigid helmet-like framework
wom on the skull, oi’ (less invasively but less precisely) markers attached to
the skin and 'frameless' guidance system or robot, which precisely positions
25 the probe in accordance with the visual images.
Currently, only straight probes are used in stereotaxis. Hence, only a
straight path leading to the selected point can be used. When choosing a

straight path, the surgeon selects a path which best avoids sensitive areas or



2 2. Description of the Related Art Stereotactic surgery (also known as
"stereotaxis") is well known to those skilled in the art. It is a special
surgical procedure for treating an interior 5 portion of a patient,
usual ly the brain and ot her intracranial:#ertures, by inserting arigid
probe into a small opening. In conventional ,open surgery, .the surgeon nekes
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are so well surrounded by important tissues that no straight path exists where
the risk is low. In othér situations, a straight path may exist, but the damaged
area may be buried deep within the brain requiring a penetration through
thick layers of tissues. In still other situations, the path may be confronted by
10 a hard tissue such as calcified dura mater which the. probe is unable to
penetrate. Lesions in such unreachable places may either be classified as
inoperable or be treated using the traditional open procedure.
In some of these situations, a curved path may better avoid the
obstructions or sensitive tissues, and reach the intended area with lower risk
15 to the patient. However, at the present, only straight devices are in use,
which can follow only a straight path, unless they are allowed to move
sideways and create a sheet of damage. To make only a line of damage, the
body of the device must slide along the path pierced by the tip. Fdr most
curved instruments, however, such sliding movement along a designated
20 curved path is difficult or impossible. _
Hence; in light of these shortcomings, it would be desirable to have
curved surgical instruments and a method of mapping a corresponding
curved path which will not cause significant damage to the surrounding

tissue, and which will allow a stereotactic procedure to become a viable

25 option in a greater number of cases.



al so be able to navigate the probe such .that the position of the probe
corresponds exactly with the designated path. To achieve the necessary
control, a nunber of apparatus and nmethods have recently been devel oped.
CAT scan technol ogy, magnetic resonance inaging (MR), angiography, 20
digital subtraction angi ography (DSA) and similar diagnostic procedures are

currently us i i | of the intracranial area. Such
devi ces are gﬂﬂﬂ\éﬁ\g §$$&¥UWW| y arigid helnmet-like framework
worn on the skull, or (less invasively but |ess precisely) nmarkers attached
to the skin and 'franel ess' gui dance system or robot, which precisely
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only straight probes are used 1 er eot axi s. nce, pat h
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5 image of the pertinent structures of the patient's internal areas. The image

includes the.target region and a potential opening site. Using the image, the
non-target or high-risk areas 5urrounding the target region are determined
and evaluated for the medical acceptability of passing through them. A
curved path which is substantially helical in shape is then selected within the
10 image such that the curve avoids these regions. The corresponding surgical
instrument which will be used to follow the selected curved path has a rigid

body having a shape which is substantially identical to the path.

BRIEF DESCRIPTION OF THE DRAWINGS

15
FIG. 1 shows the region of the brain accessible by a straight probe
through a single hole in the skull. "
FIG. 2 shows the region of the brain. accessible by curved probes
through a single hole in the skull. _
20 FIG. 3 is an image of the brain having a lesion located deep inside the

brain, and curved access to it. _
FIG. 4 is an image of the brain having a lesion near the cerebral cortex,
in a region where cortex penetration is dangerous.
FIG. 5 is an image of the brain having a lesion closely beneath the
25 folded cortex, where a curved probe meets less tissue than a straight one.
FIG. 6 is an image of the placement of drug or radiation sources at
multiple sites in a lesioh, which would require two straight penetrations but

only one curved one.



3 other obstructions. If the path neets a bone, an opening can often be
formed by drilling a hol e. But if the selected path neets bl ood vessels,
nerves, or brain tissues with inportant brain functions, a different path
must be chosen, or risk causing irreparabke damage to the brain. 5

Not all areas can be reached via a straight, path, however. Sone sites are
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confronted béf:&@ss.a hard tissue such as calcified dura mater which the
probe is unable to penetrate. Lesions in such unreachabl e places may either

be classified aspiqogeshbve BIbpHE actess ¢l meietharmener ditecliomad thpesame
procedure. In sone of these situations, a curved path may better avoid the
5 lesion through a single hole, by curved paths.

FIG. 9 shows the geometrical form of a helix.

FIG. 10A shows a restraining block, in two parts, through which a rigid
helical instrument can pass only by sliding along the helix defining the hole in
the block. | |

10 FIG. 10B shows the restraining block of FIG. 10A where the two parts are
mated into one piece. |

FIG. 11 shows a pair of restraining blocks through which a rigid helical
instrument can pass only by sliding along the helix defining the holes in the
blocks. | |

15 FIG. 12 shows a helical instrument being robot-guided along a helical
path.

FIG. 13 shows a helical instrument being hand-guided through flexible
tissue, where the user is assumed to have a continuously updated image of
its position.

20 FIG. 14 is a mathematical diagram illustrating the_ formation of a helix
using a virtual reality apparatus. '

FIG. 15 is é mathematical diagram'illustrating the determination of a
helix by two end points, an intermediate point and the degree of twist.

FIG. 16 is a mathematical diagram illustrating the determination of a

25 helix by an end point, the direction of meeting it, another point, and the
degree of twist.

FIG. 17 is a mathematical diagram illustrating the determination of a

helix by two end ends and an intermediate point.



obstructions or sensitive tissues, and reach the intended area with | ower
risk 15 to the patient. However, at the present, only straight devices are
in use, which can follow only a straight path, unless they are allowed to
nove sideways and create a sheet of damag®. To make only a |ine of danage,
t he body of the device nust slide along the, path pierced by the tip. For

most curved i NSt gUERARSS AGHEHRIMatRid Uisidhh TTuSTPARTE e detaninationi gfnat ed
20 curved path 1s di Pf |scult or i nmpossi b#e. Hence,miﬂgﬁ | i ght of these@I

shor t coni ngspefist bideé deltigdastid matiterhatiddliyemodeleeicstersogactid framst r unent s and
a met hod of mapping a correspondi ng curved path which wll not cause

si gni ficant danagiG! v9 shewsu rigidelival mampelarsidcdeh will allow a
stereotactic procedure to becone a viable 25 option in a greater nunber
of cases. FIG. 19A is a cross-sectional view of the electrode in FIG. 19.
5 FIG. 20 shows a rigid helical bipolar electrode.
FIG. 21A is a perspective view of a helical biopsy sampling instrument.
FIG. 21B is a perépective view of an inner shaft disposed inside the
helical biopsy sampling instrument of FIG. 21A.
 FIG. 22 is a perspective view of a helical needle for extraction or
10 insertion of fluid. ;
FIG. 23A is a perspective view of a helical surgical instrument with a
resection loop in its active position.
FIG. 23B is a perspective view of a helical surgical instrument with a
resection loop in its retracted position.
15 FIG. 24 is a perspective view of a helical temporary implant placément
instrument. '
FIG. 25 is a perspective view of a helical permanent implant placement
instrument. |
FIG. 26 is a perspective view of a helical instrument for delivering cold.
20 FIG. 27 is a perspective view of a helical instrument having a drilling tip..
FIG. 28 is a perspective view of a helical instrument used solely for
piercing. |
FIG. 29 is a perspective view of a helical instrument having a guide wire.
FIG. 30 is a perspective view of a helical instrument having a guide wire
25 in addition to a core serving another instrumental function.

FIG. 31 is a perspective view of a helical surgical instrument with a

cutting_ tool, gripping, spreading or clipping tip.



4 SUMVARY OF THE | NVENTI ON The nethod of mapping a curved path for
stereotactic surgery involves the selection of a helical-shaped path. The
first step is to obtain an accurate 5 image of the pertinent structures of
the patient's internal areas. The image includes the target region and a
potential opening site.Using the inmage, t e, non-target or high-risk areas
surrounding the target region are determ ned and eval uated for the nedical
acceptabi ity of RiGss8td ishaoperspdativie Aiewrokba mibbiingitoal ifer shesheliealal | y
helical in shape is then selected within the 10 inmage such that the curve
avo:jds t hese instyiroest illosteatedrin &4GoBdi ng surgical instrunent which will be
used to follow the sel ected curved path has rigid body having,a sh
whi ch i s subst anffil@.| §1Bdisnai @&FSRQFtt"I?eV!ﬁi‘l’hgf m%eppméﬂpgﬁb%h&ﬁ?ﬁéae'
DRAWNGS 15 FI G 1 shows the . .regj f th i i i
Crobe S et lﬁustrateg i &;‘.931.0 the brain accessible by a straight
5 FIG. 31C is a perspective view of a spreading tool for the helical
instrument illustrated in FIG. 31.
FIG. 32 is a perspective view of a helical surgical instrument with a laser
tip.
FIG. 33 is a perspective view of a helical endoscopic instrument.
10 FIG. 34 is a perspective view of a helically mounted light source.
FIG. 35 shows the combination of a light delivery channel with a helical
tube serving another function.
| FIG. 36 is a perspectiVe view of a helical instrument for delivering
pulverizing.
15 FIG. 37 is a perspective view of a helical instrument for delivering low

intensity ultrasound for imaging purposes. "
DETAILED DESCRIPTION OF THE INVENTION

20 The present invention relates to a method of mapping a curved path for
stereotactic surgery so a rigid curved instrument, having the same shape as
the path, can be navigated to the intended area. The utilization of a curved
path for stereotaxis offers a number of options and benefits unavailable for a
straight instrument. Generally, the field of access is greatly increased for a

25 curved path. FIG. 1 illustrates the field of coverage for a straight instrument 5
(thé region marked A) which is inserted into the cranium 6 through a small
opening 7. FIG. 2 illustrates the field of coverage for a curved instrument 10

(the region marked B) which is inserted into the same cranium 6 through the



through a single hole in the skull. FIG 2 shows the region of the brain
-accessi bl e by curved probes through a single hole in the skull. 20

FIG 3 is an imge of the brain having a. lesion | ocated deep inside the
brain, and curved access to it. FIG 4 is_an inmage of the brain having a

| esion near the cerebral cortex, in a reg@bm where cortex penetration is
dangerous. FIG 5 is an inage of the brain having a | esion closely beneath
t he 25h f ol dexhroer openingh@: e As cdemensiiatast e dhase dwo figwes, thancyrved
straight one. FIG 6 is an inmage of the placement of drug, or radiation
sources at minstrgmenticapsbe made e cgmer ﬁfﬁ'@ﬁtwleé &'@Hu‘?‘ %é"at‘g\'bt 'EFEHT'W'

enetrations but only one,  curved : .
P Hence, tl%/e availatglliity of %' Curved path allows stereotactic procedure to

become a viable option in greater number of situations.

5 There are a number of situations where a curved path will be the
preferred option because any straight path to the area to be accessed passes
through a considerable amount of brain tissue. One such situation is
illustrated in FIG. 3, where a lesion is located deep within the brain, in the
pineal body 15. Here, along any straight path such as L, an instrument

10 penetrates sensitive structures such as the cerebellum 16 or blood vessel 17,
and risks serious damage. The curved path H ehteré the cranium 18 to the
left of the mid-sagittal plane S and utilizes a less risky channel, via
cerebrospinal fluid 19, to the lesion area.

In other instances, a straight path may exist, but it would be more

15 invasive than a curved path. A common situation exemplifying this principle
fs ilustrated in FIG. 4. Here a tumor 20 lies fairly closely below the cerebral
cortex 23 of the brain 25. A direct straight path would risk unacceptable
damage to the sensory cortex 21 or motor cortex 22, and the consequential

" loss of sensation or control in the corresponding parts of the body. The

20 current solution is to approach the tumor 20 via the path L, that is through the
frontal lobe 26. This path passes through a great deal of white matter 27, with
risk to the long-range connectivity of the brain that is hard to assess for the
individual patient since the connection geometry is variable. If a curved path
can be used, however, it can access the tumor via the path H, through the

25 frontal lobe 26. This path meets far less brain tiséue, and the frontal lobe 26
is currently the path of choice (for straight instruments) when accessing other

target points. Similarly, in FIG. 5 a lesion 30 lies closely under the cortex 31



5 FIG 7 is an image of the brain requiring biopsy at multiple sites, which
woul d require two entry points for straight access but only one for curved
access. FIG 8 shows biopsy access in nore than one direction to the sanme 5
| esion through a single hole, by curved pgths. FIG 9 shows the geonetrical
formof a helix. FIG 10A shows a restrainimng block, in two parts, through

ﬁ‘l"f E fg tF Iﬁé%ic%n‘?ﬁ't {ifb ToRehRd byoR StIgR, %*%%‘_ﬁ%%ﬁ?s{‘ﬁ%@#&;ﬁfépﬁrﬁgb' "
shows a pair C ?‘e?‘i‘g?@?ﬁw&%@ﬂi%ﬁr’%@h%%&g&%@?g E\ialeicgél F: Sst rlarrent
can pass only by sldfli Reh&! SREalibits, 8! straighit | gHtAImalesifpi§Sbé moke 1Bberks.
intensive. In FIG. 6, several drUg or radiation sources, 36, 37, 38 can be
5 placed by a single procedure along a curved path H_, in a direction which
would require a straight one to pass through the visual cortex 35. In FIG. 7,
the two target sites 41 and 42, where scan data suggest a need for biopsy
samples, are individually reachable but no acceptable straight path meets
both. They thus require two openings in the cranium 43, and two separate

10  brain penetrations, 44, 45, along straight paths L1 and L2. In contrast, the
curved path H allows collection of material from both sites from a single
opening, without meeting the motor cortex 46, the sensory cortex 47, or the
visual cortex 48. This avoids the additional cost, risk, and effort of using two
paths rather than one.

15 In FIG. 2, multiple penetrations are necessary even with a curved probe,
but they can both use the same drill hole in the skull and pass through
essentially _fhe same place in the cortex, even though they go to widely
divergent points. FIG. 2 shows the increased volume of the brain reachable
through a single skull hole.

20 FIG. 8 shows that with curved probes H1 and H2, a single opening 51 in
the cranium 52 can suffice for biopsy of a suspect region 53 in multiple
directions, mapping its extent in each. |

In view of the figqres above, the benefits of the curved path are
multitudinous. But it should be understood that not every set of curved paths

25 will be a viable option. In order for any curved path to be considered, the
path must meet an important criterion. It is imperative that a rigid curved
instrument having a shape identical to the shape of the path can be

navigated through the brain matter without significantly deviating from the



15 FIG 12 shows a helical instrument being robot-guided along a
helical path. FIG 13 shows a helical instrunent being hand-gui ded through
flexible tissue, where the user is assuned to have a continuously updated
i mge of its position. 20 FIG 14 isya mathematical di agram

Il lustrating the formation of a helix usiﬂ%;a virtual reality apparatus.
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pierced by the tip. For most curved shapes, such rigid instrument sliding
5 along a path is impossible; if a golf club form, for instance, slides along the
line of its shaft, the head leaves a sheet of damaged pdints. If the head slides
in its own direction, the shaft creates sideways damage. Hence, the curve
must be such that the rigid instrument slides -only along the path traced by its
tip.
10 To achieve this goal, the shapé of the surgical instrument, and hence,
the shape of the path must be that of a helix. As illustrated in FIG. 9, helix H is
a well-known shape which is defined as a curve wound evenly around an
arbitrarily placed cylinder of constant radius r, making a constant angle o
with the cylinder's axis. A helix has the characteristic in that as the angle o
15 approaches O degrees, the helix approaches the limiting shape of a straight
line. In the other extreme, as the angle o approaches 90degrees, the helix
approaches the limiting shape of a circular arc. Therefore, a straight line and
a circular arc are a special case of the general form of a helix.
These two features, of motion with damage only at the tip, and of
20 controllability by a fixed passive constraint, are consequences of the same
‘_slide along itself' property of tﬁe class of helical curves (including the
degenerate straight and circular cases). They are both important where the
precision of brain surgery is required, but in less complex tissues (where
hand insertion guided by continuously updated images may be preferable to
25 a pre-planned path), only the ffrst is needed. In FIG. 13 the helical instrument
80 pushed by hand 85 is being guided through muscle 81 and avoiding
blood vessels 82 for a target 83, guided by an ultrasound imaging system 84;

it is not critical which part of the muscle tissue it meets, and muscle is



6 FIG 18 is a mathematical diagramillustrating the determ nation of a
helix by the settings of a mathematically nodel ed stereotactic frame. FIG
19 shows a rigid helical nonopolar electrode. FIG 19A is a cross-sectional
view of the electrode in FIG 19. 5 FI G 20 shows a rigid helical
bi pol ar el ectrode. FIG 21A is a perspect ilk,view of a helical bi opsy
sanpling instrument. FIG 21 Bis a perspective view of an inner shaft
di sposed i nsisdficienthh#exible thatdb e bangitums thes insivsentoslightly, ipaamotio, 22
is a perspective view of a helical needle for extraction or ;1% i hsertion
of fluid. FIthatismotangrelyesplida alongihehelix, &h%élﬁﬁemcampﬁ?w I A nt
vmtharesectionIoopinits,activs?,gosition. . -
motion without tearing. he surgeon can then continue the sliding
penetration, arriving more accurately at the target as a result of response to
5 image feedback.

Although it is preferred that the shape of the path and the instrument be
that of a near-perfect helix, some deviation is possible without substantial
degradation of the useful properties of the helical shape. Some examples
will be described for the purpose of illustrating this principle.

10 As described above, a perfect helix is a curve wound evenly around an
arbitrarily placed cylinder of constant radius r, making a constant angle o
with the cylinder's axis. However, the shape may have slightly deviating r
and/or angle o without substantially affecting the outcome, so long as the
deviation is not excessive. The exact range of deviation which can exist

15  without unduly affecting the effectiveness of the curved instrument, however, .
will vary depending on several factors such as the rigidity of the surgical
instrument, the type of procedure being conducted, and the flexibility of the
tissues being penetrated.

Further, it may be posSibIe to deviate from a perfect helix to a greater

20 extent where the deviation is periodic. An example would be a near-helical
shape where the radius r and the angle o deviate by a fixed amount at an
evenly-spaced interval, where at every other interval, the radius r and the
angle o deviate opposi_tely to the one before.

In addition, it may be possible, and perhaps useful, to have a curved

25 instrument only a portion of which has a helical shape. Other slight
modifications, not specifically mentioned herein, may also be possible, so

long as the general helical shape is intact.



FIG 23B is a perspecti.ve view of a helical surgical instrument with a
resection loop inits retracted position. 15 FIG 24 is a perspective
view of a helical tenporary inplant placenent instrunent. FIG 25 is a
perspective view of a helical permanent inplant placement instrument. FIG
26 is a perspective view of a helical i nsl?urrent for delivering cold. 20
FIG 27 is a perspective view of a helical instrunent having a drillin
tip. FIG 28 i s & prappiegtihecprdpen avrved tpsth dwavingidhe helical sbapesthe:figstf or
piercing. FIG 29 is a perspective view of a helical instrument haying a
gui (cjie wire. Btep issto genargierapaccurate maslicalimagecpl tha pertion, el ihe: aﬁ%@ﬁgﬁg a
guide wire 25 in addition to a_core serving .another instrungnt function.
FIG 31 is aapeagbachumanbedy.ofhg lﬁagecglpmgqrtgvsma'iliqéﬁpwﬁﬁeﬁﬂ fegiens,

cutting tool ’an%r bgﬁgcﬁ a’trl);5 ?rrnee e}gb%ﬂ t%r bglaj\@éaeisrslgdtli':y the surgi'cal instrument, the
5 surrounding region, and potential entry sites.
A multitude of methods currently exists for obtéining medical images.
Some common examples are scans using MRI, PET, CAT, plain radiographs,
etc. Other means may include commercially prepared body maps or detailed
3-D models. Whiéhev_er the method, it must provide detailed information as to
10 the respective location, shape, and size of the varying tissues, organs, blood
vessels, and other important matters, such that a surgeon can determine the
path which avoids the undesired regions.
Although the images obtained may be viewed in their original format, it
is preferred that they be viewed in digitized form, and interfaced with other
15  devices such as a computer or digital signal processor. In this way, they may
be easily manipulated and superimposed with other images or otherwise
manipulated for easy viewing.
After an accurate image is obtained, the region to be accessed, or target
area, and some potential opening sites must be identified. The surrounding
20 region is then observed and analyzed for sensitive tissues, organs, blood
vessels, and other matters which need to be avoided by the surgical
instrument. A helical curve is then superimposed onto the image such that
the curve is able to access the desired region via one of the chosen opening
sites without intersécting any of the sensitive areas. In choosing the path, it is
25 useful to try a number of helices having different combinations of radius rand
the angle a until a helix meeting all of the criteria is determined.
When selecting the path, it may be possible to have several helical

curves which meet the criteria. In such a case, several factors may be



7. FIG 31A is a perspective view of a nibbling tool for the helical

instrument illustrated in FIG 31. FIG 31 B is a perspective view of a
gripping tool for the helical instrunent illustrated in FIG 31. 5

FIG 31Cis a perspective view of a sprea hng tool for the helical
instrument illustrated in FIG 31. FIG 32%i.s a perspective view of a

hel i cal surgical ,instrument with a | aser tj

of a helical NHAIBHIIR cheas pamtgular hg"%’ Gat@ﬂ%'éﬁé{ﬁﬂi%es g%‘itf VI ew
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through the tissue. Generally, the shorter the better. Another factor which
may be considered is the pitch, or the acuteness of the angle a. It is
5 generally preferred that the helix with the least acute angle o be chosen. A
number of other factors may also be considered, such as the risks associated
for a particular path taking into consideration the type and nature of the tissue
in the regions the path will intersect. |
To choose the optimal path, quantitative values may be assigned to
10 these and other relevant factors. For each path using a particular helix, a
total utility value may be assigned to each of the combinations. After a
number of combinations is considered, the utility values may bé compared,
and the path-helix combination having the highest utility value may be
chosen. |
15 While the general m_ethod of mapping described above ié useful, the
medical potential of helical surgical instruments would be significantly
diminished without a practical way to choose an access path appropriate to a
patient's particular needs and his or her structural geometry, both of which
vary. Successful choice requires a way to specify a particular path, a way to
20 assess what t_issues it méets, a way to see what change may improve an
‘unsatisfactory choice, and a way to make such a change; all of which must be
easy to use, to minimize errors and the time spent by the surgeon. The
choice must then be translated easily and clearly into specific procedure in
the operating room. |
25 The 3-dimensional relation of path and data preferably requires a 3-D
graphic display, which for ease of depth-perceptual judgment éhould be
stereographic. Giveh a particular target point P, there are five .degrees of

freedom in selecting a helix ending at P, or six if a start is also chosen. This



tube serving another function. FIG 36 is a perspective view of a helical
I nstrunent for delivering pulverizing. 15 FIG 37 is a perspective
view of a helical instrument for delivering low intensity ultrasound for
i magi ng pur poses. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 The
present invention relates to a nethod of i‘rﬁgpi ng a curved path for
stereotactic surgery so a rigid curved instrunent, having the same shape as
t he path, carsuggestsiopntred hyothehsix degrekal of feaedonethree | tranglational three
curved path for stereotaxis offers a nunber of options and benefits
unavai | abl e frotationalr-of gn obigatrheignin. spaerr JMapy eontrol; interfages, could hes
greatly increased for a 25 curved path. FIG 1 jllustrates the field of
coverage for $499esieq by ‘Pm%tskﬁ'ﬁgrﬂ‘ tbe(ﬁ'ﬁetheegﬁﬁm\@hiﬂ%g@tﬂ evWﬁ%rhsh%‘ﬁche
i nserted into thz craniﬁ_m 6 .tErougp ﬁgs'rral | opening 7. FIG 2 illustrates
the field of ahie P fRve pely ip the § Phi@IGRent 10 (the region rmarked B)
whi ch i's gnsert edapih O GisBRYE sicB iy SnpSiaMBraidStructures are not directly
visible in a patient's scan data, there must be a Iabéled set of constructs
aligned with the data as a guide to the patient's anatomy. No one such
electronic brain atlas is an essential, but some electronic brain atlas should
be included, together with software features evident to one skilled in the art,
10 such as the highlighting and labeling of structures met by the current helix,
and facilities to modify which ones are displayed and their transparency.

While there exists a number of ways to implement the above-described
system, it is preferred that a virtual reality apparatus, such as the one
described in the following publication be adopted: T. Poston and L. Serra,

15 The Virtual Workbench: Dextrous VR, proceedings Association for Computing
Machinery, Virtual Reality Software and Technology (ACM VRST) 1994, G.
Singh, S. K. Feiner, D. Thalmann eds., World Scientific, 1994, pp. 111--
122. This is an apparatus by which the user grasps a 6-degree-of-freedom
sensor behind a mirror which reflects a stereographic display. A handle

20 appears in the display precisely where the user's neuromuscular spatial
sense reports that the sensor is currently held, and in the same orientation, so
that the handle can be manipulated with hand-eye coordination, which is
important for dextrous, intuitive control. In the display, the handle is equipped
with a virtual tip whose shape depends on the tool function to which it is

25 currently assigned. Either one or two sensors can be supported; in this case,
it is useful to have such a handle in each hand. General functions like file
management, selection and rotation of objects, etc., are provided by the

software.



8 same opening 7. As denonstrated by -these two figures, the curved

I nstrunent can be nade to cover a greater area than a straight instrunent.
Hence, the availability of a curved path allows stereotactic procedure to
beconme a viable option in greater nunber of situations. 5 There are a
nunber of situations where a curved path W || be the preferred option
because any straight path to the area to be accessed passes through a

consi der abl e anownhumbebofiapptoaches to @eledtionrofs patx arenpessible) insw ighdhei n
FIG 3, where a lesion is |located deep within the brain, in the mea&

15. Here, al msgdnglxsiegiegmf-frﬁﬂd@mwmmpu! is gaquined e Yanying fle gﬂ%traﬁ"es

"l Sks seri oushadhead-heldanetiart depaibed: hely § iBrasseniali ar 1o IRERER i
helpful, but could be replaced by a more cumbersome 2-D mouse input.
5 Since the range of physically available instrument geometries will always be
finite, in most cases it will be necessary to find the a\)ailable helix geometry
nearest to that of the ‘ideal’ helix H, and adjust its position near H to satisfy
the avoidance criteria. '

FIG. 14 illustrates one process for sélecting a helical path using this
10 apparatus. In the display, the user sees .a virtual selection tool 65 whose
displacement and movement correspond precisely with that of a sensor
handle (not shown) which the user manipulates. The virtual selection tool
has a tip which is used mark points of reference. The user first brings the
virtual selection tool tip T to a target point P of interest within the display
15 volume, and clicks a button on the sensor handle to mark the point. After the
po'int P has been marked, the user can move the virtual selection tool to

create a helical path having any combination of radius r and the angle o.
As shown in FIG. 14, the helix H is created around an imaginary cylinder
having a unique set of parameters depending on the position of the tool tip T,
20 and the direction in which the tool points. At any given position of tip T, a line
L is formed (and preferably displayed) in the pointing direction, and L
becomes the axis of the cylinder around which the helix H is to be wrapped.
The radius R of the cylinder joins P to the nearest point N on L, and is
continually redefined as the user moves the handle and thus redefines L. A
25 tip radius line S (equal in length to R), is orthogonal to L; we define Q as the
| point where it meets the cylinder. Line S is initially parallel' to R, but since it is
rigidly attached to the virtual selection tool at the tip T, the point Q moves

around the cylinder as the selection tool is twisted about its axis L. For each



|l eft of the md-sagittal plane S and utilizes a |ess risky channel, via
cerebrospinal fluid 19, to the lesion area. In other instances, a straight
path may exist, but it would be nore 15 invasive than a curved path. A
common situation exenplifying this principle is illustrated in FIG 4. Here
a tumor 20 lies fairly closely below the &rebral cortex 23 of the brain
25. A direct straight path would risk unacceptabl e damage to the sensory
cortex 21 or g(jpé&4sive pbSitioR df the todllantiane selsutionadbuttorsis refeaseds fikingrther
control in the corresponding parts of the body. The 20 current solution is
to approach cheideyarhélix W is tieatedtand dispteted whidir jninh Q e P rasound thebe
26. This path passes through a great deal of white mattér 27, with risk to
the | ong- r angylindemadth antamolint dfctun &iqual e the dotah angleothal A has Bavelpd

i ndi vi dual patient since the connection geonetry is variable. If a curved
path can be aseund hdndhemoving caardinatedramaof thgmselegtignde@. path H, t hrough
the 25 frontal |obe 26. This path neets f r-%Fsscgra'n t%sswﬁ,ﬁgnd t
frontal 1®Bbe 26 iV isitheMeetorfiam Jai, Chranchyi the yadter kPl e N; I8ty beathes)

when accessi ng ot her

vector
V X W
Iwl

10 | |

orthogonal to both, and £ be the length of L. H may be parametrised as the

curve,

Ht) = N + cosiv + sin(hu + (/{)w

15 ' '

or coordinates as,

= (N1 + cos(t)vy + sin(tyur + ¥ £)w1,
(N2 + cos(t)v2 + sin(t)uz + (' £)wa,

20 | (N3 + cos(t)vz + sin(t)us + (' £)w3),

from t = O (giving the point P) to t = £ (giving the point Q), which may be

displayed in the normal way for three-dimensional curves; compute H(t) for a

closely-spaced sequence of t values from 0 to £, and call standard 3-D

25 drawing routines (for instance, from the library OpenGL installed on many

graphics machines) to project these points on the screen for a left or right

view (both, when viewing is stereo), masked by ‘Z-buffer' routines when the
curve passes behind another graphical object.

Some other selection procedures, useful in particular circumstances,

30 are listed below. It may sometimes be convenient for the surgeon to make an.



target points. Simlarly, in FIG 5 a lesion 30 lies closely under the
cortex 31 9 but cannot be reached by a straight path that passes quickly
t hrough the cortex 31; the curved path H can reach it nore directly. In
still other situations, a straight path nmay sinply be nore |abor-

intensive. In FIG 6, several drug or radﬂégion sources, 36, 37, 38 can be
5 placed by a single procedure along a curved path H, in a direction which
woul d requi r enitias tspeicifitiationeby @neapocelburaosudh asviheuane jusit desdibed, rarfd G

7, the two target sites 41 and 42, where scan data suggest a need for
bi opsy sanpl ehenanake fide\ddjustirients asingadnathénisuab ascarepohthecfollowingyht pat h
neets both. They thus require two openings in the cranium43, and two
separate 10 brai WWhemdtisdmpertant toichagse al partjcular antyytpqiak Eon theagkullor | n
contrast, theouter boundary of the brain, selecting E and the target P, FIG. 15, leaves
5 three degrees of freedom in the choice of a helix. Fixing an intermediate
point M determines two of these degrees of freedom; éince there is a unique
flat circular arc A through E, M and the target P, the remaining parameter
essentially measures the 6ut-of-p|ane twisting a of the helik chosen. The
helix H can thus be selected by using the selection tool to choose M, and
10 then adjusting a either by twisting the tool handle about its own axis, or by
adjusting a slider. As well as being "entry and intermediate’ points, E and M
could be chosen as co-targets with P for the action of the instrument.
Alternatively, one may wish to fix the entry point E, the target point P,
and the tangential direction by which H approaches it, FIG. 16. This direction,
.15  easily controlled by moving the tip D of a Iiné drawn from P, leaves one
degree of freedom uncontfolled; by stipulating that the cylinder radius equal
the length of the line PD, the system gives a correspondence between user
movements of D and the set of helices joining P to E. |
Another such correspondence, FIG. 17, is created by using an
20 intermediate point M, as in FIG. 15, but letting the total twist equal the
logarithm of the ratio between the distances, A & B of M from E and P. This
avoids the need for a separate twist control.
Given a choice of target P and values for ra_dius and pitch, and a
position for the ring frame on which the arc A sketched in FIG. 18 is mounted,
25 each possible position of the point G at which the guide block, discussed
below, is rigidly attached to the frame corresponds to a unique choice of

position for the helix H, for some angle of the arc with the axis L and angle on

the arc at which the guide block is placed. Thus a frame model with widgets



curved path H allows collection of material from both sites froma.si ngl e
openi ng, wthout nmeeting the notor cortex 46, the sensory cortex 47, or the
visual cortex 48. This avoids the additional cost, risk, and effort of

using two paths rather than one. 15 In FIG 2, multiple penetrations
are necessary even with a curved probe, H& they can both use the sane
drill hole in*the skull and pass through essentially the sane place in the

cortex, evenat ozt cahesonbol radiué dabypitthy and Gitselb draggable on2osa peinttine
i ncreased vol une of the brain reachable through a single skull hole. 20

FIG 8 showssphed twidnotiver; peovides aesortitiol schienss cleselyneorsespansing te actualt he
cranium 52 can suffice for biopsy of a suspect region 53 in nultiple
directions, maghianicaltsettingse@ndi thue panticularly induitiye fonrameyusers- alF)Bﬁﬁ,th?he
benefits of the curved path are nultitudinous. But it shquld be understood
that not evemrgveatagefthatthewidgetssat’G can be st tg RrpydecoRlyradiys ¢ Gr'tﬁér

for any curved path to be considered, the
e ‘lableriln probe %ardware at the site where the intervention

values that are avai
is to be performed, avoiding the need for separate ~s'election of the ;ideal
helix' and then the best physically available approximation to it.

Techniques well known to those skilled in the art can détect which
geometrical structures imported from a brain atlas as polyhedra are

10 intersected by H, and highlight them to bring the fact to the user's notice.
Inspecting the patient's scan data along the curve can be accomplished by a
texture-based 'slicing tool' fo'r the virtual reality apparatus environment.

In some instances, a number of the helices found by the chosen scheme
for interaction may meet the minimum criteria. After a particular helix H has

15 been selected, a detailed study should be conducted to determine the
desirability of the particular helical path chosen, taking into consideration the
various factors described above. Particularly, the helical péth preferably
should at least avoid most, if not all, of the sensitive surrounding areas, and
intersect one of the intendéd opening sites.

20 The methods of mapping a curved path as described above may be
applied in a wide range of stereotactic procedures, and generally the same or
similar methods can be adopted regardiess to the type of procedure being
performed. However, each of the procedures may involve a different rigid
surgical instrument. But regardless to the type and nature of the instrument, it

25 must have the helical shape having the same pitch and radius as the helicél
path to utilize the useful properties of the helix.

Furthermore, to drive a helical instrument along the path chosen, it must

be rigidly held or constrained by a controller. A human or robot effector may



path nust neet an inportant criterion. It is inperative that a rigid curved
I nstrunent having a shape identical to the shape of the path can be

navi gated through the brain matter without significantly deviating fromthe
10 determ ned course. Specifically, the instrunment nust be able to travel
along the path without cutting across thel&urrounding tissues. To nmake only
a line of damage, the body of the rigid surgical instrunent nust slide

al ong the panfiovs witadr(dsyintFiGist 12anédi3) sitingLit and nsdwipg wyithsitsodr its giotion
instrument sliding 5 along a path is inpossible; if a golf club form for
i nstance, sl misbelcomgtraired by passingtthraugif a single areaplurality ©f guideblackst
damaged points. |f the head slides in its own direction, the shaft creates
si deways damagdllusiated, intRi&.c10 asdfi@. Hb respectively. FlG. 104 shows & blask:
slides only along the path traced_by its. . . .
exploded into the two parts 70'and 71 in which it is most easily manufactured,
5 with a helical instrument 72 between them. Two pieces of rigid metal, non-
ferromagnetic if they are to be used in the presence of MR imaging devices,
may be milled by a flat bed milling machine to the shapes shown;:taking their

common center as origin, suppose the helix has the ‘parametrized form
10 (X(s), ¥(s), 2(s)) = (r cos (s+p), r sin (s+p), as)

where p defines the phase angle by which the helix is rel:ated to the x-axis
where it passes through the (x,y) plane, and that the instrument has thickness
2h. Then from the material for part 70 one removes the material within h of
15  any point (x(s), y(s), z(s)), creating a channel 73 through which the instrument

will pass as shown by the curved arrow, and also the material with

. X > rcos{ 4 +p)

20 a
to create the surface 74 along which part 70 will meet 71. Similarly, in
creating 71 one must remove the material within h of any point on the helix,
creating part 75 of the hole through which the instrument will pass, and also

25 the material with |

X < rcos{ -4 +p)
a

30 to create the surface 76 along which 71 will meet 70. The surfaces must be
smoo_thly polished, for a close fit of the two parts and for smooth passage with

minimal play for the helical instrument passing between them. Although the



tip. 10 To achieve this goal, the shape of the surgical instrunent,
and hence, the shape of the path nust be that of a helix. As illustrated in
FIG 9, helix His a well-known shape which is defined as a curve wound
evenly around an arbitrarily placed cylinder of constant radius r, naking a
constant angle a with the cylinder's axi 20A helix has the characteristic
in that as the angle a 15 approaches O degrees, the helix approaches the
limting shapatefpertiohsafdhe two parts! aret shiown hsrectangular, foxminga combined
approaches 90degrees, the helix approaches the limting shape of a circular
arc. Ther ef orectangsiaraggide blook 7hih KIGi 168, anyaethesrautar spapeavhichs@mayr
the general formof a helix. These two features, of notion with danag% only
at the tip, sonvehierdly berclampeshintptgy rigidly speeifiedpesitien dpayt ety bgr e
consequences of the same slide along itself' property of the class of

hel i cal curvé§e@including t he degenerate straight and circul ar cases). They

B DO DT 2 T Wi B 6 $.0R RS Ve iat Bkses B abfifbd S mltt
a helical instrdment of the same radius, pitch and thickhess will pass through
both of them when they are clamped in line at an appropriate distance d; if
the clamps can rotate about the helix axis by an angle A, this distance

changes by the amount A( 2.).
10 2w

Such rotation would make it convenient for each block to be symrhetrical
about the axis of the helix it contains, but this is not otherwise necessary,
where the radius r is large, and the helix not far from straightness, the block
can be more practically sized if it the axis does not pass through it.

15 As the instrument is inserted first into a guide block, FIG. 10, or set of
blocks FIG. 11, rigidly held by a robot or stereotactic frame, and then passes
into a specimen, the guide block or set of bloéks restricts the portion passing
through it to a segment of a helical path (as a straight guide hole controls the
direction of a straight needle), pushing the instrument compels its tip to move

20 along the continuation of the same helical curve. Hence, as with a straight
instrument, a surgeon can maneuver the instrument along a pre-determined
path, with damage only along that path. Pushing the instrument produces
pressure at its tip, rather than along its sides. A high degree of agreement
between planned and actual motion is thus possible. The same motion may

25 Dbe achieved by active constraint (FIG. 12), whére a carefully planned “wrist
motion' of a robot effector 60 drives the instrument along its planned helical
path 62 to reach a target 63 blocked for straight instruments by the spine 64.
However, with present technology the passive constraint is the preferred

implementation since (a) it is less costly to achieve a given degree of



hand insertion guided by continuously updated i mages may be preferable.to
25 a pre-planned path), only the first is needed. In FIG 13 the helical
instrument 80 pushed by hand 85 is being guided through nuscle 81 and
avoi ding bl ood vessels 82 for a target 83, guided by an ultrasound inaging
system 84; it is not critical which part %?,the nmuscle tissue it neets, and
nmuscle is  sufficiently flexible that if the hand turns the instrunent
slightly, inprecisionoin shet a sonstraint thety im astokid withy agsixkdegreetof - freedom
tissue can follow this sideways notion w thout tearing. The surgeon can
t hen conti nueffielctorslandl () thensurgaonpushing the\dnsitireent throngh thexpassive
target as a result of response to 5 inage feedback. Although it i.s
preferred t hgonskaintisapdesk therissygls degree; ofresigianca ionpengiration, which can
near-perfect helix, sope deviation.is Ros?i bl e wl t.hout substanti al

be a valuable sensory cue to what tissue the instrument is meeﬁng, and

5 hence whether insertion should continue.

The following is a sample of some of the stereotactic procedures which
may utilize the mapping method described, and their corresponding
instruments. '

FIG. 19 shows a monopolar electrode 150, which may be used for

10 measurement or to deliver small currents for stimulation or larger currents that
flow through the tissue to a remote ground, applying heat on the way until the
current is too spread to be significant: this is useful for such purposes as
killing a tumor by heat, but the volume heated is too large and imprecisely
defined for brain surgery. (It remains useful for work in, for example, muscle.)

15  As illustrated in FIG. 19 and FIG. 19A, the instrument has an insulating rigid
body 151 surrounding a conducting core 152, and a conducting tip 154.

An important risk in stereotactic brain surgery is that of damage to a
blood vessel. In open surgery the surgeon can detect such damage visually,
and repair it by various methods; when an instrument is being driven through

20 tissue, both detection and repair are more difficult. Two features will thus
sometimes be desirable in a helical instrument intended for penetration of the
brain: (a) detection of bleeding (by taking fluid samples, and examining them
in situ or extracted via a tube), (b) cauterization using heat from bipolar
electrical current. FIG. 20 shows a helical instrument 160 for facilitating a

25 Dbipolar scheme, with a power cable 161 surrounding a fluid channel 162
supplying electrodes 164 of alternating polarity (marked + and -). The current
then flows only very near the electrodes, which is useful for sharply localized

work, and in particular for cauterizing a wound made by the instrument itself.



. degradation of the useful properties of the helical shape. Sone exanples -
w Il be described for the purpose of illustrating this principle. 10

As descri bed above, a perfect helix is a curve wound evenly around an
arbitrarily placed cylinder of constant rgdius r, making a constant angle a
with the cylinder's axis. However, the s e may have slightly deviating r
and/or angle &4 without substantially affecting the outcone, so |long_as .the
devi ati on i s Tietinelrumarit\has amopering for fivid semples 188 aﬁdvﬁieﬁhﬁo‘é%qéﬁi@t 15
wi t hout undul¥ affecting the effectiveness of the rved i nstrument,
however, wil Iatem#'ﬂ%@@'ﬁﬂ%gf%ds@\ﬂ@ﬂaﬁmwé@t'ﬂgsf'%iéjls-as the rigidity of the
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withdrawable inner shaft 173 with a collection chamber for storing the

sample. Rotating 173 within 172 opens and closes the chamber 174 relative
to the position selected for the helix before insertion.

FIG. 22 illustrates a helical needle which can be used to extract material

10 for analysis (biopsy) or because it requires removal, or to deliver medicine or
other fluids, to areas of the body where a straight needle would have difficulty
in reaching. It has a hollow core 183 inside a rigid body 181, and a sharp
point and an opening at the tip 182.

FIG. 23A and FIG. 23B illustrate a resection instrument 185 having a

15 rigid curved tube 186 with a flexible, turnable inner shaft 189. In the active
position, FIG. 23A, the resection wire forms a loop 187 at the tip 188 of the
instrument 185£ in its retracted position, FIG. 23B, the loop 187 is closed and
displaced inside the rigid tube 186. |

| FIG. 24 illustrates a temporary implant placement instrument 190 which

20 can release radiation or drugs through the tip 191 of the instrument, from the
material chamber 192. _

FIG. 25 illustrates a permanent implant placement having a rigid outer
tube 196, a rigid or flexible inner core 197 and a detachable drug source or
device 198 at the tip, which can be pushed off by advancing the core 197.

25 FIG. 26 illustrates an instrument 200 for cooling or heating an isolated
area of a body. The instrument includes a cable or heat pipe core
surrounded by an insulating sheath 201. At the tip is a thermocouple or pipe

tip 202 for chilling.



angle a deviate oppositely to the one before. In addition, it may be
possi bl e, and perhaps useful, to have a curved 25 instrunment only a
portion of which has a helical shape. Qther slight nodifications, not
specifically nentioned herein, may al so be possible, so |ong as the general
hel i cal shape is intact. I n mapping t proper curved path having the
hel i cal shape,” the first step is to generate an accurate nedi cal i nage_ of

t Ihle portion of tIRGaR7ecillustiatesea difling instrumend @P5 with a raigting flexikle r

all of the pertinent regions, and particularly the region to be accessed b
t he surgi cal 2068dnsidedhe, rigidbody 207rand aguting égﬁr@@ﬁ ﬁ‘?ﬁ&lﬁ&%"rﬂﬁ ﬁpgent ry d
sites. A nultitude of nethads currently exists,for obtaini,ng nmedical.

i mages. Sonme conf¥PtRRGLHES 2@" ﬁrr&'ggﬁ&ﬁzbE?'ﬁ%‘f’mg "’\5%1’,"' -ﬂ,sqmc(gmlunctlons

radi ographs, with non-rigid ones; a class that includes catheters and endoscopes. A non-
5 rigid instrument is guided by its surroundings, moving within fluid (most often
blood or cerebrospinal fluid (CSF)) between the walls of the fluid space (most
often a blood vessel or a ventricle). It can rarely be guided to p'ush through
parenchymal tissue in a planned way, even if it has a sharp tip, because
flexibility allows it to tum aside at a wall or a variation in tissue resistance.
10 This limits the points it can reach, and the routes by which it may arrive there.
A rigid device, however, can be pushed through tissue, and even drill through

bone (for instance, using an instrument illustrated in FIG 27). This opens a
channel which can then be exploited by a flexible device. This is currently a
standard procedure with straight rigid instruments: a straight channel is
15 piercéd by a probe, reaching a cavity such as a ventricle and entering it in a
convenient direction; it is then withdrawn, and a flexible instrument pushed in
through the channel that has been opened. This flexible instrument can then
follow the cavity by the usual mechanics of such instruments, réachihg a

target without further tissue damage. |

20 The use of a helical instrument increases the options in such channel
creation. This may be done by simply piercing the tissue with a helical
instrumént as illustrated in FIG. 28, that is a simple penetrating device; but in
some cases the flexible instrument may not follow the resulting channel
accurately, since it must flex to do so. In this case it is appropriate to pierce
25 with a hollow helical instrument shown in FIG. 29 down which a flexible guide
wire 210 can be inserted. When the channel has been created, the surgeon
can remove the helical instrumeht while leaving the guide wire 210 in place,

and then slide a flexible instrument along it. (A channel to contain a guide



etc. Oher nmeans may include commercially prepared body maps or detail ed
3-D nodel s. Whichever the nethod, it nust provide detailed information as
to 10 the respective |location, shape, and size of the varying tissues,
organs, bl ood vessels, and other inportant matters, such that a surgeon can
determ ne the path which avoids the undes?‘}ed regi ons. Although the inmages
obtained may Be viewed in their original format, it is preferred that they
be vi ewed i n wirgis azesmonneature ofnther design ofisuchdiexblelipstruments bwitbe as
a conputer or digital signal processor. In this way, they may be easi |

mani pul at ed aSeldinger teghnigue'wf Lsivgharguideguise g Qh&l'&ﬂi\}/rs% "Fﬂmfﬂﬁnbiré%t f or
easy viewing. After an accurate inmage is obtained, the region

accessed, or foloystaagivan path d@senpbiaan sxt 18 E?W@scmﬁsiéabgg rigid
IE ‘“t f ddt bgé‘?rﬁémeamﬂu?ﬁ ﬁgﬁqﬁé&&yéﬁra&&ﬁ%%M&&i%ﬁn@ﬁg@fﬂ 0
ont o the gna@ésgf]qgsllfécﬂgﬁgd "8 ' igtaCRSlica iRStrhirdnt 215 CinbStrhtdd it A, 46,05 ed
containing a channel 219 serving the passage of eneréy, electrical current, or
biological/therapeutic material, in either direction.
A helically opened channe! may be useful in endoscopic work, even
where there is already an access to some cavity for flexible instruments, since
10 it is often necessary to have seve.ral instruments simuitaneously in place:
light, camera, and active tools guided by what is seen in the camera view. |
Both to avoid overcrowding the access path, and to gain a more felicitous set
of relative positions of these devices, there is use for'delivering some of them
by helical paths created by rigid 'insertion, father than by insertion of a flexible
15 catheter. The extra degrees of freedom provided by a helix over a straight
path will allow the surgeon more freedom in the setting up of positibns, with
less damage in arriving there. The helical implements useful in such work
will include: scissors, by which tissue can be cut; nibblers, by which bone or
tissue can be cut away; forceps, by which tissue can be grasped; and
20 spreaders, by which tissue can be forced apart.
FIG. 31 illustrates an instrument 220 having a rigid, helical tube 221, a
fixed hand grip 222, a turning hand grip 223, and a cutting tool 224. A wire
225 is attached to the hand grip 223 and to the cutting tool 224. The cutting
tool 224 can be made to open and close by rotating the hand grip 223 around
25 its pivot 226 as demonstrated by the two exploded views. Various other tools
may be attached to the instrument 220 in place of the cutting tool 224, such
as the nibbling tool 227 in FIG. 31A; a gripping tool 228 in FIG. 31B; and the
spreading tool 229 in FIG. 31C.



the curve is abl.e to access the desired region via one of the chosen
opening sites without intersecting any of the sensitive areas. In choosing
the path, it is 25 useful to try a nunber of helices having different
combi nations of radius r and the angle a until a helix neeting all of the
criteria is determ ned. When sel ecting tr%§;nur1 it may be possible to have
several helical curves which neet the criteria. In such a case, severa
factors may be FIG3 3Dilkistrates! ai helital dostrgment with @ stﬂﬁabl%laséaltlnaaﬁﬁ

which will be used for the surgical procedure. One | nt factor .is the
over al | in st ﬁvh]ehcm feﬂdiypatdahlﬂhr?@dgﬂ aigid iheligal begy 235 3het'ﬁ§e§ HSPY%’F t he
etter. Another factor ch may be considered is the |tch

acut eness of mgtdydﬁgaleze;d "N'aﬂgn 52319er igh H?:?P Pé\'ﬁ)x HaW a[nﬁ%d HE"H%{'% th

the | east acute angl e a be c st A
separate tissues, or cau erize wounds.

5 FIG. 33 illustrates an endoscope with a camera 240 at its tip and an
electrical or optical fiber connection 241 disposed iﬁside a rigid body 242.
An endoscope requires light to see by, preferably lighting the view from the
side. FIG. 34 shows a light casting tip 245.
FIG. 35 illustrates the incorporation of an optic fiber or power channel
10 250 for a light source 251 shedding light on the action of an implement such
as the gripper shown in FIG. 31B (placed on both sides of the gripper jaw),
reducing the number of separate ins;cruments that must enter fhe brain. Such
a lighting feature may be added to any of the instruments here described.
FIG. 36 illustrates an ultrasonié aspirator, with a vibl_'ating source 255 of
15 directed ultrasound 256 to pulverize tissue, a liquid insertion tube 257 to
make a slurry of it, an extraction tube 258 by which to suck out the result, and
fluid channels 259 with.the power channel 260 inside the rigid helical tube
261.
FIG. 37 illustrates a source 271 of lower intensity ultrasound 272, so that
20 ultrasound receivers elsewhere can collect data from which a detailed image
of the region around the source can be re_constructed.

It should be understood by those skilled in the art that the above list of
applications is presented here only as a way of illustrating the wide range of
ways that the present invention can be used, and therefore, should not be

25 construed as being a complete list of the possible application. Hence, various
modifications, additions and substitutions are possible for the invention
described herein, without departing from the scope and spirit of the ihvention

as disclosed in the accompanying claims.



nunber of other factors may al so be considered, such as the risks

associ ated for a particular path taking into consideration the type and
nature of the tissue in the regions the path will intersect. To choose the
optimal path, quantitative values may be assigned to 10 these and ot her
rel evant factors. For each path using a ®@8ticular helix, a total utility
val ue nay be assigned to each of the conbi nations. After a nunber of

conbi nati ons GEAIMSI der ed, the uti-tH-ty—values may be conpared, and the
pat h-hel i x combi nati on haV| mmm 'm lity value may be chosen. 15
Whi |l e the general nethod of g ym,”nh above is useful, the nedical
potential of helical surgi cal® i fist Fun®tnts woul d be si gni fi cant 'y di m nished
V\nthoutla praNgiQtalmdvvﬁy to choose an access path approprl ate to a patient's
particul ar needs an is or her structural of which var
Successful cHoi cd m@fhpdegf MNapRing A Gyeved ypgaéﬁ?&f t%‘EEEQiFCB%tWQQW"I% 20
assess an t tslust'aséltjaianstlatlllty ngld surglca\f\’a?{strumen? tt‘)’m a%tceggaaprggrég%f ﬁra%ﬁt'@'body

3 comprising:

4 a) obtaining an accurate image of an area of the body, said image

5 including an opening site and a target region;

6 b) determining high-risk areas around said target region;

7 c) selecting a non-linear curve within said image, wherein said curve is

8 substantially helical in shape;

9 whereby said cu.rve intersects said target region and said opening site,
10  but not said high-risk areas, said curve defining the curved path for which a
11 rigid stereotactic surgical instrument having an identical shape to said curve
12  will be navigated to said target region.

1 2. The method as recited in claim 1 wherein the non-linear curve in said

2 selection step is a helix.

1 3. The method as recited in claim 1 wherein said image obtaining step is

2 performed using an imaging technique selected from the group consisting of:

3 MRI, PET, CAT, plain radiography, SPECT, MEG, EEG, US, fMRI, angiography,

4  colour doppler, and reference maps of the body. |

1 4. The method as recited in claim 3 further comprising the steps of digitizing
2 said image and interfacing said digitized image with a computer.

1 5. The method as recited in claim 1 wherein said determining step and
2 selecting step are performed simultaneously.

1 6. The method as recited in élaim 5 wherein a virtual reality apparatus is
2 uéed to execute at least one of the steps.

7. The method as recited in claim 2 wherein said selecting step includes:

—t



unsati sfactory choice, and a way to nake such a ch'antgg;b,al_ltgf_AAhi-eh—mﬁt
be easy to use, to minimze errors and the time spen . e
choi ce nust then be translated easily and clearly into ﬁ ‘Tﬂ‘ﬁﬂﬂ“{“ﬂ‘le
in the operating room 25 The 3-di nensi onal rel ath pamh and* dat a
preferably requires a 3-D graphic displa@? which for ease of

dept h- perceptual judgment should be stereographic. G ven a particul ar
target p@nt P, ahanarking aftargetgoitdtin saiditargel vegion; sel ecting a hel i x
ending at P, or six if a start is also chosen. This 14 suggests control
by the six degreb} seledtireesicaight linek asrahelixaxishand t hree rotational --of an

obj ect held in space. Many control interfaces coul d be suggested by one
skilled i4 the ac);trading@sewneiampund saichling hemaminm)%m%g@"t radiu 1 and

5 angle a with respect to said line L, said curve intersecting said target point P.

-t

8. The method as recited in claim 7 wherein said selecting step b) and said

N

tracing step c) are performed substantially simultaneously.

—h

9. A method of mapping a curved path for stereotactic surgery using a
substantially rigid instrument, said method being aided by a virtual reality
apparatus, said apparatus including a

a display means, and a stylus adapted for allowing a user to interact with
said virtual reality apparatus via said display means, said virtual reality
apparatus adapted for displaying medical images on said display means and
superimposing a helical curve of a selected radius r énd angle a within said
images, said method comprising:

a) displaying an accurate image of an affected area of a patient's body

© W 0O N O O A O DN

on said display means, said image including a target region;
11 b) determining high-risk areas around said target region;
12 c) pointing said stylus to a point P in said target region; |
13. d) moving said stylus until a helical curve originating from point P is
14 displayed on said displaying means such that no part of the helical curvé
15 intersects said high-risk areas, said curve defining the curved path for which a
16 rigid stereotactic surgical instrument having an identical shape as said curve
17  will be navigated to said target region.

1 10. The method as recited in claim 8 further comprising:

2 a) determining a location for an opening site;

3 b) determining whether said helical curve intersects the opening site; and



able to nove freely in the set of helices. 5 —Wt—m—n—t-h%m_spl_ay,
since many I nportant brain structures are not dire

patient's scan data, there nust be a | abel ed set of mmnmlmﬁ,mr”ﬂ ed with
the data as a guide to the patient's anatomnmy. No one siichtel ectsom ¢ brain
atlas is an essential, but some el ectroni28hbrain atlas should be included,

together with softvvare features evident to one skilled in the art, 10 such

as the highlightig)gnoving aaid stytusoaind tselaxtingeanother hglical curve ueatit nbeparkpf
and facilities to nodify which ones are displayed and their transparency.
Wi | e thebe ethieshelicalneuriverintersecigssaid hightriskeareashbutintersetis said epening
system it is preferred that a virtual reality apparatus, such as the one
descri bed6in sitee foll owi ng publication be adopted: T. Poston and L. Serra,
15 The \/ rtual Workbench: Dextrous VR . proceedi n ciation for

e oaitn 5

Conput i ngTMachl-ned ynetbpﬁtqmamag ia ipashinvasive rsigreoirgtiosuapry
T110 1222 TG a Sibsaptal al0SRPEH eRBREEG gr asps & P
6-degree-gf-freed obthining an accurate image of an affected area of a patient's body, said
4 image including a target region and an opening site;
determining high-risk areas around said target region; |
assigning a medical acceptability value to each of said high-risk areas;
selecting a plurality of curves within said image wherein each of said

5
6
7
8 curves is substantially heli_cal in shape, and said curves intersecting said target
9 'region and said opening site; |

0

1 ' assigning a medical acceptability value to each of said curves based on
11 its interaction with said high-risk areas; |
12 comparing said curves based on said medical acceptability value; and
13 choosing a curve with an optimal value, said curve defining the curved
14 path for which a rigid stereotactic surgical instrument having an identical
15 shape as said curve will be navigated to said target region.
1 12. The method as recited in claim 11 wherein each of said curves is helical in
2 shape. |
1 13. A method of mapping a curved path for intracranial stereotactic surgery
using a substantially rigid surgical instrument comprising:
obtaining an accurate image of an affected area of a patient's intracranial
. area, said image including a target region and an opening site;
determining high-risk areas around said target region;

selecting a curve within said image wherein said curve is substantially

N OO A WwN

helical in shape,



sensor behind a mrror which reflects a stereographh:—drs—r_"’_”
appears in the display precisely where the user's neu t“ﬂﬁﬂ“ﬂl“ﬂ:ﬂ“im“
sense reports that the sensor is currently held, and

orientation, so that the handl e can be mani pul at ed W|th hand- eye
coordination, which is i nportant for dext#9ys, intuitive control. In the
di splay, the handle-is equipped with a virtual tip whose shape depends on
t he tool 8uncti orwhereblyi sdidicurve intersects rsaid tgrget segiondandisaic opeming siteywo
sensors can be supported; in this case, it is useful to have such a handle
in each h@nd.butsnelr saidrhigbtrisknareask said curveadefieingrthe wedm&th fergvhich a

rotati on of objects, etc, r.ovi ded b t he softvvare 5 A nuypber of
appr oachd@ t Jigid| gereqtactis syn qﬁf HnﬁVBm&BS ing an jdaptical %"'@é’e as said curve

11 will be navigated to said target region. _
1 14. The method of mapping a curved path for intracranial stereotactic surgery
2 as recited in claim 13 wherein said curve is helical in shape.

1 15. A non-linear surgical instrument for stereotactic surgery conducted along

2 a curved path comprising:

3 a substantially rigid, elongated body, said body being substantially helical
4 in shape,

5 wherein said instrument is adapted for being inserted into a small
6 opening on a patient's body and navigated précisely along a selected curved
7 path having substantially same shape as said instrument to perform a surgical
8 function. o

1 . 16. The surgical instrument as recited in claim 15 wherein said rigid body is

N

helical in shape.
1 17. The surgical instrument as recited in claim 15 further comprising

a monopolar electrode disposed at an end of said rigid body;

a conductor core electrically coupled.to said electrode and disposed
inside said rigid body;

wherein said rigid body is made of electrically insulating material;

whereby said instrument is adapted for measuring or delivering electrical

N o 0 A 0N

signals.

18. The surgical instrument as recited in claim 15 further comprising

—

a plurality of electrodes of alternating polarity disposed at an end of said
rigid body, said electrodes adapted for delivering electrical current to a

localized area;

) BEEE - L I\

a protruding opening for collecting fluid samples disposed at said end;



use of six-degree-of-freedomuser input is required t degr ees. For
the ' hand-hel d' method described below, it is essent :i,llﬁlmuﬂiw"ﬂjgﬂﬁ it
is hel pful, but could be replaced by a nore: cunbersone'i2® "M 5
Since the range of physically available instrunent geonetries wll always
be finite, in nost cases it wll be necesgﬁr,y to find the avail able helix
geonetry nearest to that of the 'ideal' helix H and adjust its position
near H to6sati sf ya fluid ghandehdisposed énside sdidsrigid hodyusading:to said ppenings
for selecting a helical path using this 10 apparatus. In the display, the
user sees7a v@ndual sel ection tool 65 whose di spl acement and novenent
correspond precisely with that of a sensor_ handl e (not shown) which the

user nani Bul at es.a PRWeFicaplmplestically iconplashio said ale¢trodesisaid cable-digpassd
PO ! o GoR Bigi orknd P S W ghaphaE ool oot o0 0% P T
but £ on on < ey enagE o Pk B o TBgRE T i 5 iioPbal heliehi
2 a biopsy sampling instrument further comprising
3 a flexible, withdrawable, and turnable shaft disposed inside said rigid
4  body;
5 a collection chamber at an end of said shaft, said chamber adapted for
6 receiving and storing a sample fluid;
7 and a rotatable window head at an end of said rigid body and over said
8 collection chamber. '
1 20. The surgical instrument as recited in claim 15 wherein said instrument is
a needle adapted for extracting material or delivering medicine or other fluids,
further comprising
a hollow core disposed along inside said rigid body;

a sharp point at a tip of said rigid body; and

O A W N

a opening at said tip.

b

21. The surgical instrument as recited in claim 15 wherein said instrument is
a resection instrument further comprising -

é flexible, turnable shaft disposed along inside said rigid body;

a resection wire having a loop, said loop being cable of being in an active
and retracted positions, said loop being outside said shaft in the active

position, and inside said shaft in the retracted position.

- O 0 A~ O N

22. The surgical instrument as recited in claim 15 wherein said instrument is
a temporary implant placement instrument further comprising

a tip at an end of said rigid body, said tip having a material chamber

A~ W N

adapted for releasing radiation or drugs through said tip.



create a helical path having any conbination of rad| us
shown in FIG 14, the helix His created around an |' m&mum
having a uni que set of paraneters depending on the poswtlon tip
T, 20 and the direction in which the togl points.{At any given p03|t|on
of tip T, aline L is fornmed (and prefera@l‘y, di spl ayed) in the pointing
direction, and L becones the axis of the cylinder around which the helix H
i s to be vrappdd. THésurgidaLinsRunfent las kegiteddeclaioi 4§ wherein saidhinstrumentds nt
Non L, and is continually redefined as the user noves the handle and thus
redefines2.. A pEsmanept rraglamplaqement(leaﬁwnenhfumgﬁmnrlamg i s orthogonal
to L; we define Q as the point where i} neet linder. Line Sis

i nitially3parall ek cpre Rlidakly dﬁﬁﬂ?@dl ipside ﬁ'glr&'@%afj%ached to t he virtual

selection tool at t t he poi nt S aro the

sel ection% ool i< %‘ith@@"%gﬁlﬂ SP '?ea% @q_ce @Poéﬁa I"T‘(ii an'end salderlglasbocﬂ/,
5 such that said drug source or device is detached by advancing said core.

1 24. The surgical instrument as recited in claim 15 wﬁerein said instrument is

2 a cooling or heating instrument for cooling or heating an isolated area of the
3 patient's body further comprising |

4 a tip disposed at an end of said rigid body;

5 a core inside said rigid body for delivering heat or cold; and

6 an insulating sheath surrounding said cable.

1 25. The surgical instrument as recited in claim 15 wherein said instrument is
2 a drilling instrument further comprising

3 a rotatable flexible shaft inside said rigid body; and

4 a rotatable cutting burr attached to an end of said shaft.

1 26. The surgical instrument as recited in claim 15 further comprising

2 a hollow core disposed inside said rigid body adapted for guiding a
3 flexible guide wire, said rigid body capable of being removed from the patient's
4  body while leaving said guide wire in the curved path.

1 27. The surgical instrument as recited in claim 26 further comprising a
2 channel inside said rigid body, said channel adapted for deliverihg electrical
3 current or biological material in either direction.

1  28. The surgical instrument as recited in claim 15 further comprising

2 a fixed hand grip disposed at an end of said rigid body;

3 a turning hand grip pivotally disposed adjacent to said fixed hand grip;

4 a tool disposed at an end opposite to said fixed and turning hand grip;
5 and

6 a wire attached of said turning hand grip and said tool,



16 successive position of the tool (until the selecllon butto ST

fixing the choice), a helix His created and di spl aye :u ﬂE
around the cylinder, with an anount of turn equal tio- at Q
has travel ed around L in the noving coordinate frarre of the se ection tool.

5

If vis the vector fromT to Q al8 w the vector fromT to N,

let u

be the vector Terr] 10 orthogonal to both, and [err] be the length of L. H
may be pai7anet ri ssuthathat said tool @eanHife ))psned or closed) by rotating tspid turaintg hand
or coordi réates as, = (N1 + cos(t)vi + sin(t)ul + (t/[err])w,

grip around a pivot.

1 29. The surgical instrument as recited in claim 28 wherein said tool is a pair

2 of scissors.

1 30. The surgical instrument as recited in claim 28 wherein said tool is a

2 nibbler.

1 31. The surgical instrument as recited in claim 28 wherein said tool is a

n

gripping apparatus.

1 32. The surgical instrument as recited in claim 28 wherein said tool is a

N

spreading apparatus.

33. The surgical instrument as recited in claim 15 further comprising

—h
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tissues, and cauterizing wounds.

S Y

a endoscope further comprising

a camera at an end of said rigid body;

disposed inside said rigid body and coupled to said camera; and

D O A WON

a means for lighting disposed at said end.

b

an ultrasonic aspirator further comprising

directed ultrasound for pulverizing tissues;

tissues;

~N O O A WM

an extraction tube for extracting the slurry of tissues;

a laser tip disposed at an end of said rigid body, said laser tip adapted for

delivering localized radiation for burning away unwanted material, separating

34. The surgical instrument as recited in claim 15 wherein said instrument is

a optical fiber connection for transmitting and receiving optical information

35. The surgical instrument as recited in claim 15 wherein said instrument is
a vibrating source at an end of said rigid body adapted for delivering

a liquid insertion tube disposed at said end for making a slurry of said



(N2 + cos(t)v2 + sin(t)u2 + (te)w2, 20 . 4

' +
cos(t)v3 + sin(t)u3 + (tfe)Ws), fromt :0(giving§~tkl “ M vt
(giving the point Q, which nay be displayed in the n Imnﬂ"[

t hr ee- di mensi onal curves; conpute H(t) for._a closely-spaced sefjuehcer of t
values fromO to [err], and call standard3§-,D 25 drawing routines (for
instance, fromthe |ibrary OpenGL installed on many graphics nachines) to
proj ect tBese poiafluichehannsldispased ipside saidtrigid bpdg&or deliveringosaid slway of
viewing is stereo), masked by 'Z-buffer' routines when the curve passes
behi nd an8t hetissyiéspidndal obj ect. Some ot her sel ection procedures, useful in
parti cul ﬁr ci rcunst ances ?q%!jvar,e liste nmay sonetinmes be

bel.qw. [t
conveni ed@ for t HMeANLloR delivaring poyer ?orﬁalg aspirator.

1 36. The surgical instrument as recited in claim 15 further comprising

2 a vibrating source at an end of said rigid body adapted for delivering
-3 low level ultrasound for creating detailed image; -

4 a means for delivering power for said vibrating source.

1 37. A guide block for a sdrgical -instrument for stereotactic surgery, said
2 instrument being substantially helical in shape, comprising

3 a rigid body,

4 a channel disposed in said rigid body, said channel having an identical
5 shape as said surgical instrument, said channel adapted for fittingly receiving
6 said surgical instrument and allowing said instrurhent to smoothly slide
7 through said channel without deforming out of shape.

1 38. The guide block as recited in claim 37 wherein said rigid body is made of
2 two paris which are mated together.
1 39. The guide block as recited in claim 38 wherein said parts are mated by

2 being solidly mounted on a common rigid support.



initial specification by one procedure, such as the one just described, and
then nake fine adjustnments using another, such as one of the foll ow ng.
When it is inportant to choose a particular entry point E on the skull or
outer boundary of the brain, selecti ng\g'smblﬂle target P, FIG 15, |eaves
5 three degrees of freedomin the choice of, a helix. Fixing an

I nternmedi ate poi nt M determ nes two of these degrees of freedom since

there is a unique flategigi rSﬁWGI%AEr tth arget P, the
remai ni ng paranet er ﬁbﬁ b F‘W@ h FORsting a of the
hel i x chosen. The helTX %\ 'E’C lgﬁg an the sel ection tool
to choose M and 10 then adjusiing a e|t er W sting the tool handle

about its own axis, or by adjusting a slider. As wel | as being entry and
i nternmedi ate' points, E and Mcould be chosen as co-targets with P for the

action of the TReimheiRY of Mdppintihl oifvidd piIR foPtarbelactie s‘UrgeﬁyhmveNersythe
point E, the target point P, and the tangential direction by wh

7D st Rkt h o e st et
the pertinent structures of the patient's internal areas. The image includes the
lesion or target region and a potential opening site. Using the image, the non-target
areas surrounding the lesion area are determined and.ev'aluat_ed for the medical
acceptability of passing through them. A curved path which is substantially helical
in shape is then selected within the image such that the curve avoids these non-
target areas but intersects the target region and the opening site. The
corresponding surgical instrument whieh will be used to follow the selected curved

path has a rigid body having a shape which is substantially identical to the path.

Fig. 5
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degree of freedom uncontrolled; by stipulating that the cylinder radius
equal the length of the line PD, the system gives a correspondence between
user novenents of D and the set of helices joining Pto E. Another such
correspondence, FIG 17, is created by using an 20 internediate point M
as in FIG 15, but fetting the total tw st equal the logarithmof the ratio
bet ween the distances, A & B of MfromE agd P. This avoids the need for a
separate twi st control. Gven a choice of rget P and val ues for radius
and pitch, and a position for the ring frame on which the arc A sketched in
FIG 18 is nounted, 25 each possiblegposition of the point G at which the
gui de bl ock, discussed below, is rigiqly attached to the frame corresponds
to a uni que choice of position for the\phelix B for sone angle of the arc

with the axis L and angle on the arc at i ch the guide block is placed.
Thus a franme nodel with w dgets

FIG. 1
P y 4 % S
Yy y 4 A ¥ b
y . ¥ 4 A ¥ -\
Va4 y 4 h '\ N\
Va4 y 4 A ¥ b}
V4 y 4 N L §
¥ 4 y A h. A
f 4 y 4 h. A |
/ y 4 N A
f y 4 N\ A
¥ 1 A h. A
f 4 ‘\ “
f o B N A
N 1 |
\_/I A ll
b
—

FIG. 2



18 at G that can control radius and pitch, and Gitself draggable from one
point in space to another, provides a control schene closely correspondi ng
to actual nechanical settings, and thus particularly intuitive for frane
users. It has the advantage that the wi dgets at G can be set to provide
only radius and pitch 5 values that are available in probe hardware at the
site where the intervention is to be perfgrged, avoiding the need for’
separate selection of the '"ideal helix' and then the best physically
avai | abl e approximation to it. Techni ques well known to those skilled in
the art can detect which geonetrical structures inported froma brain atlas
as polyhedra are 10 intersected by H and highlight themto bring the fact
to the user's notice. Inspecting the patient's,scan data along the curve
can be acconplished by a texture-based 'slicilng tool' for the virtual
reality apparatus environment. In_some instanges, a nunber of the helices
found by the chosen sche

FIG. 3



for interaction may neet the mininumcriteria. After a particular helix H
has 15 been selected, a detailed study should be conducted to determ ne
the desirability of the particular helical path chosen, taking into
consideration the various factors described above. Particularly, the
helical path preferably should at |least avoid nost, if not all, of the
sensi tive surrounding areas, and intersecgsgne of the intended opening
sites. 20 The net hods of mapping a curved path as described above may
be applied in a wide range of stereotactic procedures, and generally the
same or simlar methods can be adopted ragardless to the type of procedure
bei ng perforned. However, each of the prbcedures gy involve a different

rigid surgical instrument. But regardl g W\ he t/ype and nature of the
instrunment, it 25 nmnust have the he/gffay shap@ beving the sane pitch and
radius as the helical path to uti e fghe useql properties of the helix.

Furthernore, to drive2§pelical strupesit al qg the path chosen, it nust
be rigidly held or constraNjeg@dy a cgntrol |l erfl® A human or robot effector

may ! 27

FIG. 4



19 nove with it (as in FIG 12 and 13), holding it and noving with it; or
its notion may be constrained by passing through a single or a plurality of
gui de blocks as illustrated in FIG 10 and FIG 11, respectively. FIG 10A
shows a bl ock exploded into the two parts 70 and 71 in which it is nobst
easily manufactured, 5 wth a helical instrunent 72 between them Two

pi eces of rigid netal, non- ferronagnetip/?g they are to be used in the
presence of MR i nmagi ng devices, my be ni? ed by a flat bed mlling nachi ne
to the shapes shown; taking their conmon center as origin, suppose the
hel i x has the paranetrized form 10 : (x(s), y(s), z(s)) =( r cos
(s+p), r sin (s+p), as) where p defines the phase angle by which the helix
is related to the x-axis where it passes through the (x,y) plane, and that
the instrunent has thickness

31

FIG. 5



2h. Then fromthe material for part 70 one renoves the material within h of
15 any point (x(s), y(s), z(s)), creating a channel 73 through which the
instrument will pass as shown by the curved arrow, and al so the nmateri al
wth x >rcos( Z +p) 20 ' ato create the surface
74 along which.part 70 will neet 71. Simlarly, in creating 71 one nust
remove the material within h of any pointsgg the helix, creating part 75 of
the hol e through which the instrument will pass, and also 25 the materi al
with x <rcos(( Z +p) a 30 to create the surface 76 along which 71 will
meet 70. The surfaces nust be snoothly polished, for a close fit of the two
parts and for snooth passage with mnimal play for the helical instrunent
passi ng between them Although the

FIG. 6



20 outer portions of the two parts are shown as rectangular, formng a
conbi ned rectangul ar guide block 77 in FIG 10B, any other outer shape

whi ch may conveniently be clanped into a rigidly specified position may
equal |y be used. 5 FIG 11 shows a pair of such blocks with their
phases p adjusted so that a helical instrument of the same radius, pitch
and thickness will pass through both of t when they are clanped in |line
at an appropriate distance d; if the clanps can rotate about the helix axis
by an angle A, this distance changes by the anount A( a. 10

2x Such rotation would nake it convenient for each block to be symretrical
about the axis of the helix it contains, but this is not otherw se
necessary;

“[lllml’ —

c
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where the radius r is large, and the helix not far from strai ghtness, the
bl ock can be nore practically sized if it the axis does not pass through
it. 15 As the instrunent is inserted first into a guide block, FlIG
10, or set of blocks FIG 11, rigidly held by a robot or stereotactic
frame, and then passes into a specinen, the guide block or set of blocks
restricts the portion passing through it 48¢a segnment of a helical path (as
a straight guide hole controls the direction of a straight needle), pushing
the instrunent conpels its tip to nove 20 along the continuation of the
same helical curve. Hence, as with a §jraight instrunent, a surgeon can
maneuver the instrunment along a pre-dgterm ned path, wth danage only al ong
t hat path. Pushing the instru 2] 'R, PI2ssure at its tip, rather than
along its sides. A high degreedJd 4 bet ween pl anned and actua
notion is thus possible. The sahg i 2% be achieved by active
constraint (FIG 12), where a caré mocd wist notion' of a robot
effector 60 drives the instrunenj 5 MAanned helical path 62 to
reach a target 63 bl ocked for rugents by the spine 64.

FIG. 8



However, with present technol ogy the passive constraint.is the preferred
i'npl ementation since (a) it is less costly to achieve a given degree of

21 precision in such a constraint than in a robot with a

si x-degree-of -freedomeffector, and (b) the surgeon pushing the instrunment
t hrough the passive constraint can feel the tissue's degree of resistance
to penetration, which can be a val uabl ensory cue to what tissue the
instrument is neeting, and 5 hence wh er insertion should continue. The
following is a sanple of sonme of the stereotactic procedures which may
utilize the mappi ng net hod described, and their corresponding instrunents.
FIG 19 shows a nonopol ar el ectrode 150, which nmay be used for

FIG. 9



10 nmeasurenent or to deliver small currents for stimulation or |arger
currents that flow through the tissue to a renote ground, applying heat on
the way until the current is too spread to be significant: this is useful
for such purposes as killing a tunor by heat, but the volune heated is too
| arge and inprecisely defined for brain surgery. (It remains useful for
work in, for :exanple, nmuscle.) 15 As g@kustrated in FIG 19 and FIG 19A
the instrunent has an insulating rigid’'body 151 surrounding a conducti ng
core 152, and a conducting tip 154. An inportant risk in stereotactic brain
surgery is that of damage to a bl ood vessel. In open surgery the surgeon
~can detect such danmge visually, and repair it by various nethods; when an
instrument is being driven through 20 tissue, both detection and repair
are nore difficult. Two features will thus sonetines be desirable in a
helical instrunment intended for penetration of the brain: (a) detection of
bl eeding (by taking fluid sanples, and exam ning themin situ or extracted
via a tube), (b) cauterizatipn using heat from bipolar electrical current.
FIG 20 shows a he?’gal in ument 160 for facilitating a

71 - 77
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25 Dbipolar schene, with a power cable 161 surrounding a fluid channel 162
suppl ying el ectrodes 164 of alternating polarity (marked + and -). The
current then flows only very near the el ectrodes, which is useful for
sharply localized work, and in particular for cauterizing a wound nmade by

the instrunent itself. 22 The instrunent, has an opening for fluid
sanpl es 163, -and el ectrodes 164 of alt ting polarity around a
non-conducting ring 165. FIG 21A illusitTates a helical biopsy sanpling

instrument 170. It has a rigid curved tube 171 of a helical shape and a
rot at abl e wi ndow head 172. 5 As ill ated in FIG 21B, the instrunent
170 has a flexible, turnable, and drawabl e i nner shaft 173 with a

col | ection chanber for storing tha nple. Rotating 173 within 172 opens
and cl oses the chanber 174 rel

78
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to the position selected for the helix before insertion. FIG 22
illustrates a helical needl e which can be used to extract material 10 for
anal ysis (biopsy) or because it requires renoval, or to deliver nedicine or
other fluids, to areas of the body where a strai ght needl e would have
difficulty in reaching. It has a hollow core 183 inside a rigid body 181,
and a sharp point and an opening at the Hh 6l82. FIG 23A and FIG 23B
illustrate a resection instrunent 185 having a 15 rigid curved tube 186
with a flexible, turnable inner shaft 189. In the active position, FIG
23A, the resection wire forns a |loop 187 at the tip 188 of the instrunent
185; inits retracted position, FIG 23B, the loop 187 is closed and

di spl aced inside the rigid tube 186. FIG 24 illustrates a tenporary

i npl ant pl acenment instrunment 190 which 20 can rel ease radiation or drugs
through the tip 191 of the i rument, fromthe material chanber 192. FIG
25 illustrates a permanent i ant placenent having a rigid outer

FIG. 12



tube 196, a rigid or flexible inner core 197 and a detachable drug source
or device 198 at the tip, which can be pushed off by advancing the core
197. 25 FIG 26 illustrates an instrunent 200 for cooling or heating
an isolated area of a body. The instrunment includes a cable or heat pipe
core surrounded by an insulating sheath 201. At the tip is a thernocouple
or pipe tip 202 for chilling. 23 F|G-1%kd | lustrates a drilling
instrument 205 with a rotating flexible shaft 206 inside the rigid body 207
and a cutting burr 208 attached at its end. Another use for a rigid helical
penetrating instrunent is in conjunctions with non-rigid ones; a class that
i ncl udes catheters and endoscopes. A non- 5 rigid instrunment is guided by
its surroundings, nmoving within fluid (nost often
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bl ood or cerebrospinal fluid (CSF)) between the walls of the fluid space
(nost often a blood vessel or a ventricle). It can rarely be guided to push
t hrough parenchymal tissue in a planned way, even if it has a sharp tip,
‘because flexibility allows it to turn aside at a wall or a variation in
tissue resistance. 10 This limts the points it can reach, and the routes

by which it nay arrive there. Arigid i ce, however, can be pushed
t hrough tissue, and even drill through e (for instance, using an
instrunment illustrated in FIG 27). This opens-a channel which can then be

exploited by a flexible device. This is currently a standard procedure with
straight rigid instrunents: a straight channel is 15 pierced by a probe,
reaching a cavity such as a ventricle and entering it in a convenient
direction; it is then withdrawn, and a flexible instrunment pushed in

t hrough the channel that has been opened. This flexible instrunent can then
follow the cavity by the usual nechanics of such instrunents, reaching a
target without further tissue danage. 20 The use of a helical

i nstrunment increases the options in such channel

FIG. 14



creation. This may be done by sinply piercing the tissue with a helical
instrunment as illustrated in FIG 28, that is a sinple penetrating device;
but in sone cases the flexible instrument may not follow the resulting
channel accurately, since it nust flex to do so. In this case it is
appropriate to pierce 25 wth a hollow heljical instrument shown in FIG 29
down which a flexible guide wire 210 CﬁQ3€e i nserted. Wen the channel has
been created, the surgeon can renove the helical instrument while |eaving
the guide wire 210 in place, and then slide a flexible instrunent along it.
(A channel to contain a guide 24 wire is a common feature of the design
of such flexible instrunents, but the 'Seldinger technique' of using a
guide wire to change the instrunment that follows a given path has not been
extended to paths created by rigid

FIG. 15



i nstrunments, which have been only straight.). A guide wire channel .217 may

5 also beincluded in arigid helical instrunment 215, illustrated in FIG
30, containing a channel 219 serving the passage of energy, electrical
current, or biological/therapeutic material, in either direction. A

helical-ly opened channel may be useful in endoscopic work, even where there
is already anm access to sonme cavity foiéékexible instrunents, since 10 it
is often necessary to have several instTunents sinultaneously in place:
light, camera, and active tools guided by what is seen in the canera view.
Both to avoi d overcrowdi ng the access path, and to gain a nore felicitous
set of relative positions of these devices, there is-use for delivering
some of them by helical paths created by rigid insertion, rather than by
insertion of a flexible 15 catheter. The extra degrees of freedom provided
by a helix over a straight path will allow the surgeon nore freedomin the
setting up of positions, with | ess danage in-arriving there. The helical

i mpl enents useful in such work will include: scissors, by which tissue can
be cut; nibblers, by which bone or ) :
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tissue can be cut away; forceps, by which tissue can be grasped; and 20
spreaders, by which tissue can be forced apart. FIG 31 illustrates an

i nstrument 220 having a rigid, helical tube 221, a fixed hand grip 222, a
turning hand grip 223, and a cutting tool 224. Awre 225 is attached to
the hand grip 223 and to the cutting tool 224. The cutting tool 224 can be
made to open ‘and close by rotating thejfhggd grip 223 around 25 ‘its pivot
226 as denonstrated by the two expl oded views. Various other tools. my be
attached to the instrunment 220 in place of the cutting tool 224, such as
the nibbling tool 227 in FIG 31A; a gripping tool 228 in FIG 31B; and the
spreading tool 229 in FIG 31C 25 FIG 32 illustrates a heli cal
instrument with a steerable laser tip 230

FIG. 17



which is fed by a cable 234 in a rigid helical -body 235. The | aser delivers
hi ghly localized radiation 231 with which to burn away unwanted materi al,
separate tissues, or cauterize wounds. 5 FIG 33 illustrates an
endoscope with a canera 240 at its tip and an electrical or optical fiber
connection 241 disposed inside a rigid body_242. An endoscope requires
light to see by, preferably lighting the vild@% romthe side. FIG 34 shows
a light casting tip 245. FIG 35 illustrates the incorporation of an optic
fi ber or power channel 10 250 for a light source 251 shedding |ight on the
action of an inplenment such as the gripper showmm in FIG 31 B (placed on
both sides of the gripper jaw), reducing the nunber of separate instrunents
that nmust enter the brain. Such a lighting feature may be added to any of
the instrunments here described. FIG 36 illustrates an ultrasonic
aspirator, wth a vibrating source 255 of 15 directed ultrasound 256 to
pul verize tissue, a liquid insertion tube 257 to nake a slurry of it, an
extraction tube 258 by which to suck out the result, and

FIG. 18



fluid channels 259 with the power channel 260 inside the rigid helical tube
261. FIG 37 illustrates a source 271 of lower intensity ultrasound 272, so
t hat 20 ul trasound receivers el sewhere can collect data fromwhich a
detailed i nage of the region around the source can be reconstructed. It
shoul d be understood by those skilled in the art that the above list of
applications s presented here only as @ggay of illustrating the w de range
of ways that the present invention_can1 used, and therefore, should not
be 25 construed as being a conplete list of the possible application.
Hence, various nodifications, additions and substitutions are possible for
the invention described herein, without departing fromthe scope and spirit
of the invention as disclosed in the acconpanyi ng cl ai ns.

FIG. 19
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26 CLAIMS W claim 1 1. A nethod of mapping a curved path for .
stereotactic surgery using a 2 substantially rigid surgical instrunent to
access an area of a patient's body 3 conprising: 4 a) obtaining an
accurate inmage of an area of the body, said inmage 5 including an opening
site and a target region; 6 b) determ ning high-risk areas around
said target region; 7 c) selecting a non-linear curve within said

i mge, wherein said curve is 8 substantil®¥36y helical in shape; 9

whereby said curve intersects said target region and said opening site, 10
but not said high-risk areas, said curve defining the curved path for which
a 11 rigid stereotactic surgical instrunent having an identical shape to
said curve 12 wll be navigated to said target region

FIG. 20



1 2. The nmethod as recited in claim1l wherein the non-linear curve in
said 2 selection step is a helix. 1 3. The nethod as recited in claiml
wherein said image obtaining step is 2 perfornmed using an inmaging

techni que selected fromthe group consisting of: 3 MR, PET, CAT, plain
radi ography, SPECT, MEG EEG US, fMRI, angiography, 4 colour doppler, and
reference maps of the body. 1 4. The(ggéhod as recited in claim3 further
conprising the steps of digitizing 2 2 d image and interfacing said
digitized image with a conputer. 1 5. The nmethod as recited in claiml
wherein said determning step and 2 selecting step are perforned
simultaneously. 1 6. The nethod as recited in claim5 wherein a virtual
reality apparatus is 2 used to execute at |east one of the steps. 1 7.
The method as recited in claim2 wherein said selecting step includes:

FIG. 21A
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27, 2 a) marking a target point Pin said target region; 3 b)
selecting straight line L as a helix axis; and 4 c) tracing a curve
around said line L maintaining a constant radius r and 5 angle a with
respect to said line L, said curve intersecting said target point P. 1 8.
The nmethod as recited in claim?7 wherein sajd selecting step b) and said 2
tracing step ¢) are perforned substantially,sj,pultaneously. 1 9. A nethod
of mapping a curved path for stereotactic saﬁgng using a 2 substantial ly
rigid instrument, said nethod being aided by a virtual reality 3

apparatus, said apparatus including a 4 a display neans, and a stylus
adapted for allowng a user to interact with 5 said virtual reality
apparatus via said display neans, said virtual reality 6 appar at us
adapted for displaying nedical inmges on said display neans and 7 .
superinposing a helical curve of a selected radius r and angle a within
said
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8 i mges, said nmethod conprising: 9 a) displaying an accurate inage
of  an affected area of a patient's body 10 on said display neans, said

i mge including a target region; 11 b) determ ning high-risk areas
around said target region; 12 Cc) pointing said stylus to a point Pin
said target region; 13 - d) noving said stylus until a helical curve
originating frompoint Pis 14 di spl ayed gi d di splaying neans such

that ‘no part of the helical curve 15 intersecis said high-risk areas, said
curve defining the curved path for which a 16 rigid stereotactic surgical

i nstrunent having an identical shape as said curve 17 wi |l be navigated
to said target region. 1 10. The nmethod as recited in claim8 further
conprising: 2 a) determning a location for an opening site; 3

b) determ ning whether said helical curve intersects the opening site; and
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28 4 c) noving said stylus and sel ecting another helical curve until
no part of 5 the helical curve intersects said high-risk areas but
intersects said opening 6 site. 1 11. A nmethod of mapping a

| east -i nvasive curved path for stereotactic surgery 2 using a
substantially rigid instrunment conprising: 3 obt ai ni ng an accurate
imge of an affected area of a patient's body, said 4 i mge including a
target region and an opening site; 5 23/36det er mi ni ng hi gh-risk areas
around said target region; 6 assigning a nedical acceptability val ue
to each of said high-risk areas; 7 selecting a plurality of curves
W thin said i nage wherein each of said 8 curves is substantially helica
in shape, and said curves intersecting said target 9 region and said
opening site; 10 assigning a nedical acceptability value to each of
sai d curves based on
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11 its interaction with said high-risk areas; 12 : conparing said
curves based on said nedical acceptability value; and 13 choosing a
curve with an optinmal value, said curve defining the curved 14 path for
which a rigid stereotactic surgical instrunent having an identical 15
shape as said curve will be navigated to sajid target region. 1 12. The

met hod as rectted in claim1l wherein of said curves is helical in 2
shape. 1 13. A method of mapping a c d path for intracrani al
stereotactic surgery 2 using a substantially rigid surgical instrunent
conprising: 3 obtai ning an accurate inmage of an affected area of a
patient's intracranial 4 area, said image including a target region and
an opening site; 5 determ ning high-risk areas around said target
region; 6 selecting a curve within said i mage wherein said curve is

substantially 7 helical in shape,
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29 8 whereby said curve intersects said target region and said
opening site, 9 but not said high-risk areas, said curve defining the
curved path for which a 10 rigid stereotactic surgical instrunment having
an identical shape as said curve 11 wll be navigated to said target
region. 1 14. The method of mapping a curyed path for intracrani al
stereotactic surgery 2 as recited in clai mdsi3gherein said curve is
helical in shape. 1 15. A non-linear surgical instrument for stereotactic

surgery conducted al ong 2 a curved path conprising: 3 a
substantially rigid, elongated body, said body being substantially helical
4 in shape, 5 wherein said instrunent is adapted for being inserted

into a small 6 opening on a patient's body and navi gated preci.sely al ong
a selected curved




7 pat h having substantially sanme shape as said instrunent to performa
surgical 8 function. 1 16. The surgical instrunment as recited in claim
15 wherein said rigid body is 2 helical in shape. 1 17. The surgi cal

instrunment as recited in claim15 further conprising 2 a nonopol ar

el ectrode disposed at an end of said rigid pbody; 3 © a conductor core
electrically coupled to said el ectrode gagadisposed 4 inside said rigid
body; 5 wherein said rigid body P de of electrically insulating
material; 6 whereby said instrunment is adapted for measuring or
delivering electrical 7 signals. 1 18. The surgical instrunent as
recited in claim15 further conprising 2 a plurality of electrodes of
alternating polarity disposed at an end of said 3 rigid body, said

el ectrodes adapted for delivering electrical current to a 4 [ocal i zed

ar ea; :
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5 - a protruding opening for collecting fluid sanpl es di sposed at said

end; 30 6 a fluid channel disposed inside said rigid body |eading
to said opening; 7 and 8 a power cable electrically coupled to said
el ectrodes, said cable disposed 9 inside said rigid body and around said

fluid channel. 1 19. The surgical instrungnt as recited in claim15
wherein said instrument is 2 a biopsyjggnpling instrument further
conprising 3 a flexible, wthdrawabl e, and turnable shaft di sposed
inside said rigid 4 body; 5 a collection chanber at an end of said
shaft, said chanber adapted for 6 receiving and storing a sanple fluid;




7 and a rotatable w ndow head at an end of said rigid body and over
said 8 collection chanmber. 1 20. The surgical instrunent as recited in
claim15 wherein said instrunment is 2 a needl e adapted for extracting
material or delivering nedicine or other fluids, 3 further conprising 4

a holl ow core, di sposed al ong inside said ri.gid body; 5 ~ ~a sharp point
at atip of said rigid body;, and 6 28/36¢ opening at said tip. 1 21. The
surgical instrument as recited in claim15 wherein said instrument is 2 a
resection instrunent further conprising 3 a flexible, turnable shaft
di sposed along inside said rigid body; 4 a resection wire having a

| oop, said | oop being cable of being in an active 5. and retracted
positions, said |oop being outside said shaft in the active 6 posi tion,
and inside said shaft in the retracted position. 1 22. The surgical
instrument as recited in claim15 wherein said instrunent is
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2 a tenporary inplant placenent instrunent further conprising 3 a
tip at an end of said rigid body, said tip having a materi al chanber 4

adapted for releasing radiation or drugs through said tip. 31 1 23. The
surgical instrunent as recited in claim15 wherein said instrunent is 2 a
permanent inplant placement instrunment further conprising 3 a core

slidably disposed inside said rigid body; 4 29/36 a detachabl e drug source
or device disposed at an end of said rigid bog , 5 such that said drug
source or device is detached by advancing said core. 1 24. The surgi cal
i.nstrunment as recited in claim15 wherein said instrunent is 2 a cooling or
heating instrunment for cooling or heating an isolated area of the 3
patient's body further conprising

217
215
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4 atip disposed at an end of said rigid body; 5 a core inside

said rigid body for delivering heat or cold; and 6 an insul ating
~sheath surrounding said cable. 1 25. The surgical instrunent as recited
in claim15 wherein said instrunent is 2 a drilling instrunent further
conprising 3 a rotatable flexible shaft inside said rigid body; and 4
a rotatable cutting burr attached to an end of3gmg d shaft. 1 26. The
surgical instrunment as recited in claim15 further conprising 2 a

hol | ow core di sposed inside said rigid body adapted for guiding a 3
flexible guide wire, said rigid body capabl e of being renmoved fromthe
patient's 4 body while leaving said guide wire in the curved path. 1 27.
The surgical instrunent as recited in claim?26 further conprising a 2
channel inside said rigid body, said channel adapted for delivering
electrical 3 current or biological material in either direction. 1 28.
The surgical instrunment as recited in claim15 further conprising

227 228
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2 a fixed hand grip disposed at an end of said rigid body; 3 a
turning hand grip pivotally disposed adjacent to said fixed hand grip; 4

a tool disposed at an end opposite to said fixed and turning hand grip; 5
and 6 a wre attached of said turning hand grip and said tool, 32
7 such that said tool can be opened of closed by rotating said
turning hand 8 grip around a pivot. 31/3g9. The surgical instrunment as
recited in claim28 wherein said tool Is a pair 2 of scissors. 1 30.
The surgical instrunment as recited in claim28 wherein said tool is a 2

ni bbl er. _
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.1 31. The surgical instrunent as recited in claim28 wherein said tool is
a 2 gripping apparatus. 1 32. The surgical instrunent as recited in
claim 28 wherein said tool is a 2 spreadi ng apparatus. 1 33. The
surgical instrunent as recited in claim15 further conprising 2 a

| aser tip disposed at an end of said rigid body, said |aser tip adapted for
3 delivering localized radiation forgpqgni ng away unwanted material,
separating 4 tissues, and cauterizing wounds. 1 34. The surgical
instrument as recited in claim15 wherein said instrunent is 2 a
endoscope further conprising 3 a canera at an end of said rigid body;
4 a optical fiber connection for transmtting and receiving optical
information 5 di sposed inside said rigid body and coupled to said canera,;
and 6 a neans for lighting disposed at said end. 1 35. The surgi cal
instrument as recited in claim15 wherein said instrunent is




2 an ultrasonic aspirator further conprising 3. a vibrating source
at an end of said rigid body adapted for delivering 4 directed ultrasound

for pulverizing tissues; 5 a liquid insertion tube disposed at said
end for making a slurry of said 6 tissues; 7 an extraction tube for
extracting the slurry of tissues; 338 , a fluid channel disposed

inside said rigid body for delivering 8338 slurry of 9 tissues; and 10

a nmeans for delivering power for said aspirator. 1 36. The surgica
instrunment as recited in claim15 further conprising 2 a vibrating
source at an end of said rigid body adapted for delivering
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3 | ow | evel ultrasound for creating detailed i nmage; 4 a neans for
delivering power for said vibrating source. 1 37. A guide block for a
surgical instrument for stereotactic surgery, said 2 i nstrument being
substantially helical in shape, conprising 3 a rigid body, 4 a
channel disposed in said rigid body, said channel having an i'dentical 5
shape as sai d* surgical instrunent, saigﬁﬁgahnel adapted for fittingly
receiving 6 sai d surgical instrument allowing said instrunent to
smoothly slide 7 through said channel w thout deform ng out of shape. 1
38. The guide block as recited in claim37 wherein said rigid body is nade
of 2 two parts which are mated together. 1 39. The guide block as recited
in claim38 wherein said parts are mated by 2 bei ng solidly nounted on a
common rigid support.
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TEXT OF THE ABSTRACT

CURVED SURGICAL INSTRUMENTS AND METHOD OF MAPPING A _CURVED
PATH FOR STEREQTACTIC SURGERY '

The method of mapping a curved path for stereotactic surgery involves the selection of a
helical-shaped path. The first step is to obtain an accurate image of the pertinent structures of
the patient’s internal areas. The image includes the lesion or target region (30) and a potential
opening site. Using the image, the non-target areas surrounding the lesion area are determined
and evaluated for the medical acceptability of passing through them. A curved path (H) which
is substantially helicai in shape is then selected within the image such that the curve avoids
these non-target areas but intersects the target region (30) and the opening site. The
corresponding surgical instrument which will be used to follow the selected curved path has a
rigid body having a shape which is substantially identical to the path.
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