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Background of the Invention This invention concerns systens
and apparawé &? renoval of biological tissue 5 sanples and, in
particul ar, QY& and apparatus for refractive vision cor PE&fUSSHI1211
Various techni ques and devices are known in the art for the renoval or

slicing of thin layers of biological tissue. These instrunents are
generally referred to as surgical m-dr-ot omes. When the i nstrunents
are specifically designed for the renpoval of corneal tissue they are

often referred to as keratones o It is often
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desirable in the course of human erapy of

bi ol ogi cal tissue intact. This is especially true in the course of

bi opsyi ng ti Sgi&eround of -ohm,; or the presence of cancerous or otherw se
abnormal cel I'STFOr, exanpl.e, I n the course of cancer diagnosis and/or
treatment, biopsy ’E}aﬁﬁw@éﬂ‘é}? eonceis sysems antkanparius for removahed] tyzieawﬁhnssnhe

presence gf CRRPRIsUAS, %%Jah?eula-l:h@sfems@na' BSHED FRRSK KB vAN &I MBS
m croscopi cal ly as,a. sur%%équsg rgfcge yre 1's carried out to ensure t‘at t he

mar gi ns of tunor m‘msé Vifes BRI W thecait o thevgmeveley sligiag of

exci si ons of thedkydryof b&&ig@ca&txﬁsuavfb‘héhednstmmems are ﬁ&nerallﬂ&:@&ﬁ@@ ad§iBgRhSO
taken for di agnos course.o
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gynecol ogi caltisswﬁex mﬂentrektredmnskanqmmepmsmtcm‘kena&snﬂst for abnormal
Sresenco of ﬁglncfﬁ“ is HARRUAATR 2 e AAERRGhAbP ORI B 10508E S, "
the course ofbilagicaliisspapitasscbpisds @?&ﬁﬁlhatrilfbmslht Q¢u1 se of biogdyirig tissupur poses

n order {0 GpRfiie & tRegRihct B?c&&%ﬁ@&%tﬁémﬁé&%ﬁ%alQFH&W%&%H@e &l
condi ti ons. e exam pation of pjops es is o

t edi ous proc ég%coufFFeOfa‘iﬁPF‘?rt‘{;agt“SS‘? gReiopiseatments 181%8’&?&6}%&%?%%@91}@%@@@ of a
defined vol urmalgzed furmﬂmmsenoé of ¢zmseroud cella) Jht hin tissue bﬁﬁ%le&@t@eﬁaﬂx;ﬁd‘jer to

Sanpl o, Miny RORUSHICANA e GRet s T B RT b s et Ho P R er oS of

bi opsy egamn@se properly dehneated afth excessi e exeisorissif healthyatsdud are abeidedr
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sections of biol ogl cal .t ssue exant nat |
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i ncl ude Be I enpv he cor pr par ation of
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di sorders.  gnitar purposes in order to confirm or negate the presence of abnormal or cancerous celi
conditions.
The examination of biopsy samples is often a tedious process. The ability to take
25  astandardized biopsy sample of a defined volume or thickness of tissue is highly
desirous in order to facilitate either manual and automated examination of the biopsy
sample. Many conventional microtomes cannot provide this standardization of biopsy
samples.
Thus, there exists a need for better surgical resection instruments, generally,
30 which can remove thin sections of biological tissue for examination purposes.
Additionally, in the field of surgical correction of refractive vision disorders,
keratomes are used for various purposes. These purposes include the removal of
abnormal growths in the cornea, preparation of damaged eyes for comeal transplants,
preparation of eyes for other surgxcax procedures and direct surgical corrections of
35  refractive d:sorders
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Consi derabl e interest has been recently generated in a variety of

t echni ques for reshapi ng the cornea for refractive vision correction.
These techni ques are based on the observation that nost of an eye's
refracti vevpedss77¢ s contri buted by the corneal curvature PCT/USPYHEEY (with
the remaining refractive power being provided by the | ens of the eye

| ocated 5 i nside the ocul ar globe). For people suffering from

near - si ght edness (nyopia), it has heen recogni zed that-a slight
fl-attening of the corneal curvature can correct this condition i f
properly applied. Conversely, correction of far-sightedness (hyperopia)
requires a Soasgerablgdnterest hes beest ieeentlvcapnomicdra a vadetly & f.chwcz@#s for
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tissue cdipRRPERSfiIRL el y 450 mcrometers in thickness, although it
also varjes fromi| Q’@i vidual to ipdividual . Stronal tjssue is conposed
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unsuccessf u In%g ever, unmd’a?fyel%ﬁggg'u &fr VAL %F?fén% ngspséiét?ﬁﬁg?ratﬁm%&%é?/ ehhe

di amond) bl agesrier mrianceftabkerned is covered pritdutbimigy prof epelestiablisue frilovet by
corneal tissye,allhdhe ﬂﬁxﬁﬁﬁéﬁﬁ wRECHEHrdn's THEr. V\'P(pi%alik[ BEGHLAE 'iafgiéﬁgf
Bowran's |ayer 1s a further conplicating tactor 1°C as styme

nechani chl agbagP smigtomsters thieke altieughpt nay vy frave anlitiemp 4P mitiopgtess ©f t he

cor nea. over 50 micrdMidtSaRE Bidla¥s. been made to achi eve corneal reprofiling
in other ways. Fo [ rocedure known as t@di al éer at ot ony
a

é exa Ie,_.lnag _
(RK) the cornea i SeloxtBewmagsayer lies the siioma propgt FURCE atidd STealdifdic |
structure of istdpproximael 459 mick@netansdn tHicinkesy) althhighét also variesideriatieidurwess

has been achi.gey i RK; edur . [ £ ] . i . In 30
such proc eduirngig,gg‘f%'nﬁ\{letsgrﬁ %Ir t:?sfzi)"rgg Surf gjgge%#}eat lﬁgﬁgﬁ tégéél lzzr? P g’lgarﬁigﬁ rgg%cls? ﬂgﬁf ch
r esenbl e2® hecgppgkes The Bownwh'sanaszrane whichdies hovientis d¢se megutpaend Hesered and

the actual corneakpgHt %gt}]e&snicax {c%rpﬁmg%g}ﬁe%mea have %&%%ﬁé@%&&&@ésﬁﬁ hape

that is desired., Nonet ess, mllron peopl e suftfering from
refractive dfdgraease awpdhe shnsmegbmetaRier svetdanerd) blares ges ieanablesf
permanently producing préceelabBbiohd6f dordastiele wah the necessary adclragflOTher
cpproach, Oet e, o BNk G LS LSRG L R S S
and sevelal mechanical attempts at wide-area scuipting of the anterior surface of the cornea.
Attempts have been made to achieve corneal reprofiling in other ways. For
example, in a procedure known as radial keratotomy (RK) the cornea is incised with
radial cuts which cause the overall structure of the cornea to relax and flatten. While
moderate success has been achieved with RK procedures, the resuit is far from ideal. In
30  such procedures, the anterior surface of the eye contains ruts which resemble the spokes
of a wheel after the incisions have healed and the actual corneal curvature is far from the
ideal spherical shape that is desired. Nonetheless, millions of people suffering from
refractive disorders have undergone RK procedures in the hopes of permanently
correcting their vision.
35 In another approach, designed to avoid the complications of Bowman's layer, a

thicker anterior segment of the cornea (typically including Bowman's layer and several



- 3- hundred m croneters of stromal tissue) is renoved, frozen and

Iat hed on its posterior (i nside) surface. This reshaped corneal cap or
"l enticule"” is then thawed and repl ant ed onto the conmea. In this
procedure, often referred to as keratom |l eusis, the integri t he
Bowran' s IM?3/53§7‘%&| ntai ned but a much nore invasive pr oceg%}"@g?sénrzgqu' ed
to 5 renove the corneal lanella and then reshape it in a frozen state.

In anot her alternative surgical procedure, a anterior segnent of the cornea
IS again renoved (or partially severdd and displaced) so that the
stromal bed can be mechani cal 'y reshaped (e.g. with a scal pel-like
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al so_npene
the stron®l t p%rgqux cornea smgs%fl Qlﬁsst@ bqogﬁfmgjﬂov%bxﬁh 58%%}’ ngu? ?ft Gf avsoiep
Nonet hel ess, tddtatioystypival glﬁdrrawanaﬂa@rs to ablataeie dayarsyoficorneatiisew bng | aser
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to maintain, comealsaffatepriwmhany PRK procedtS&'EaBldﬁﬁ( is largely conﬁne to Bowman's
membrane and the laser radiation achieves very smooth and reproducible results. For
25  patients with high dioptric errors, the ablation will also penetrate into the stromal tissue,
again with typically very good results. Nonetheless, the systems and apparatus
necessary for achieving laser vision correction are extremely complicated to operate and
maintain.
In a particular class of PRK procedures known as Laser Assisted In Situ
30  Keratoplasty (LASIK), a keratome is still used to remove ( or hingedly displace) an
anterior lenticule of the cornea (in much the same way as in the procedures that involve
mechanical sculpting of the stroma) so that the laser can be used to ablate only stromal
tissue. Again, like mechanical sculpting procedures, the anterior lenticule is replaced
following the procedure with Bowman's membrane intact. This LASIK procedure is
35  also very promising but likewise requires highly complex, difficult to maintain,

equipment.



4- 5 Convent.ional .. keratones-typically include a suction
devi ce that secures the instrunent to the eye and a drive nechani sm
that pushes a bl ade through dbBbsehliasBeen Repleceg ¢ hi n the device to sever an
anterior segnent of the corneﬂ HOERK el s nﬁ such devi ces i ncl ude U. S.
Pat ent 5, 498 595Y7ssued to Koehi KigniVBilih 5, 1996 and EXCIMSAH1I211

Pat ent Application Pub. No. 0 771 553 by H Schw nd GrbH published May 7,
1997. 10 The precision of these instrunents is inherently limted by t he
cl earance necessarily provi ded between the bl ade and the upper and .
| ower surfaces of the channel. To permt t he bl ade to pass snoothly
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ot her surgical operations on the cornea. 25 30

SUBSTI TUTE %marv of the Inven%ion

Methods and apparatus are disclosed for removal of biological tissue slices or
15 layers, for example, in the form of lamellar sections of a defined shape and thickness,
employing a reference member that engages a target tissue site and cooperates with a
cutter to remove the tissue segment or lamella. The cutter preferably includes a flexible
cutting element such as a wire or band element that is brought into physical contact with
a guiding edge of the reference member and then draw along a path defined by the guide
20  edge through the tissue in order to sever, at least partially, a tissue section.

In one particularly useful aspect of the invention, methods and apparatus for
keratectomy are disclosed employing an ocular reference member that engages the upper
central region of the cornea and cooperates with a cutter 1o remove a lamellar segment
from the cornea. Such lamellar resections are useful in preparing the comea for further

25  surgery {by mechanical or laser surgical techniques), or in performing refractive
keratectomy directly upon the eye, or in treating (e.g., smoothing) the corneal surface to
correct abnormalities, (e.g., to remove ulcerated tissue or otherwise improve the optical
properties of the cornea).

Various structures can be used as cutters in the present invention, including

30 flexible cutting elements such as wires, fibers, bands and the like. A driver is preferably
employed to bring the cutter into physical contact with a the guiding edge of the
reference member and then draw the cutter along the guiding edge and through the
tissue. Exemplary driver mechanisms including motors which activate a sweeping
motion, linear motive actuators, translating stages, pivoting actuators and rotating

35  actuators.




- 4bis - Summary of the Invention 5 Met hods
and apparatus are disclosed for renoval of biological tissue slices or
| ayers, for exanple in the formof lamellar sections of a defined shape

and t hi ckness, enpl oying a reference nenber that enga
tissue site&vARYs ﬁ@‘bperat es with a cutter to renove thgeﬁﬂgg‘%g egrrent
or lanella. The cutter preferably includes a flexible cutting el enent

such as a wire or band el ement that is brought into physical contact with
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SUBST] T?JTE SHepglla. Because the cutter can be flexible or driven by a flexible driver assembly, the

edging need not be planar and, in some applications, a non-planar guiding edge is
15  desirable (to remove non-uniform tissue samples or, in the case or refractive surgery, to
effect astigmatic corrections).

The invention can be used in refractive surgery either as a reprofiling device or,
more simply, as a microkeratome to perform initial processing steps in order to prepare
the cornea for mechanical sculpting or LASIK procedures. In refractive procedures, the

20  reference member can have a distal end that defines a cavity of predetermined shape in
order to capture a desired volume of tissue. When the cutter is drawn through the
corneal tissue, the tissue within the cavity of the reference member is severed from the
comea. By proper choice of the cavity geometry, a new curvature will be imparted to
the remaining corneal tissue. For example, a concave cavity will remove a volume of

25  tissue that results in an overall flattening of the corneal curvature, thus correcting
myopic vision efrors. Other designs of the distal end can yield hyperopic and/or
astigmatic corrections.

Moreover, the present invention can be used in mechanical sculpting procedures
for dual purposes: first, to remove (or hingedly displace) an anterior portion of the

30 cornea (with the epithelium and/or Bowman's layer of the central optical zone unaltered)
and then in a second step to reshape the overall curvature by removing a defined volume
of corneal stroma tissue. After the lamella is removed from the stroma, the anterior
"cap" can then be replaced over the sculpted region.

The guiding edge of the reference member need not define a planar path for the

35 cutter. In fact, the guiding edge can be a non-planar shape in some applications, such as

in reprofiling corneal tissue to correct astigmatisms. The ability to perform non-planar



- 5- The cutter preferably also noves in a linear direction

(e.g. in a direction orthogonal to the path along which the cutter is
drawn through the tissue) as it slices a | anel la. This linear notion
can be unidirectional or oscillatory. I n anot her enbodi nent of
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25  means, such pins, teeth, or clamps. Alternatively a separate suction ring or other
securement structure can be used in conjunction with the reference member.
The term "cutter” as used herein is intended to ehcompass any one of a a variety
of cutting elements that can be drawn through biological tissue to effect a partial or
complete resection of a tissue segment. It is often desirable that the cutters of the present
30  invention are preferably flexible elements such that physical contact between the cutter
and the guiding edge of the reference member ensures precise removal of a predictable,
defined volume of tissue. However, in other applications a stiff blade-like structure can
also be used advantageously. The term "guiding edge” is used herein to describe that
portion of the reference member that interacts with the cutter to guide the cuiter
35  thorough the tissue. The term "cavity" is used herein to describe the shape of the distal
end of the reference member such that the form of the cavity defines, at least in part, the



- 6- resections is an inportant advantage of the present invention.
Resections of tissue with convention mcrotone and m crokerat one
device are limted to planar slices because of t he i nherent geonetry
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certain 5 applications to al so have an ori ent ation marker for orienting
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FIG. 8 is a top view of the cutter assembly of the apparatus of FIGS. 6 and 7;
FIG. 9 is a partially cross-sectional side view of another apparatus according to
the invention (employing a horizontal support base as a receptacie for the ocular
reference member);
30 FIG. 10 is a partially cross-sectional front view of the apparatus of FIG. 9;
FIG. 11 is a partially cross-sectional side view of another apparatus according to
the invention;
FIG. 12 is a schematic perspective view of the apparatus of FIG. 11;
FIG. 13 is a schematic perspective view of an alternative cutter element for use in
35  the present invention;



-7 - vol une of tissue renoved. The term "renoved" is intended to

enconpass not only the conplete severing of a tissue lanella but also
the partial resection of such tissue, i ncl udi ng procedures in which a
lanella is partially severed and hi ngedly displaced for subsequent

reattachneMO%8Hé’4 erms "lanella" and "lamel |l ar segnment" ar BCHYEW/ Hellein to
5 describe the tissue segnent renoved by the action of the cutter; such

| anel | a need not be flat (and in nost instances it is not flat). The
term "adhesion"” is intended to erconpass -.g. both frictionally adherent .
and adhesi vely bonded nechani sns for securing the reference menber to

the target tissue Brief Description of the Draw ngs

site., . 10 |
FIG 1is a schemaﬁé!- 14 B aschematsperpedivede e pf it BRmtHACCRrdingoithwent i on
for - r eninahtiéd, etnpldyif thayenerelented®el FRG.AR; bi ol ogi cal tissue;
FIG 2 is a nore dﬁﬁltﬁ schemati c side view f(ﬁg\ arg‘arat us according to
ottht KR

the 15 invention S PrC ATt PETSRPCYYS S8 Bhat 2P YfeC ST elemgnt for

el ement i s nouseyetthepgagethvention, Wi th the guiding surface of the reference
menber ; ' ' nather. side view of the appar at of FIG
2 showi ng 3 he cutt ﬁ\% fe @a Saé%ngartr@r?g }sg%aw%ﬁ/ilem ﬂ%a%%ﬁﬁaﬁf‘i‘és %ﬁﬁ@éﬂ&?"ﬁ% h each
ot her; invention, efiplaying ths cattarefenwingef BYG.tihe cutter assenbly of FIGS. 2
and 3; 20 F I hSn A : o € f : X |y, | G
4 including the di s%%‘?aﬁfégécp‘é“ﬁ’cggﬁ‘@pd%%wa? ’ pgr&%c_%6&{°Eﬁégs’ggqias5“§£°sﬁfde
vi ew of anot hB#seZpp aFdletrsieercs s aerordiag tniheneyestogenyl oyi ng a

fol ded view ng tubelG. BghaRciRMUNR chdisBedPNABNSRSE theR@RkfukARomponent of the
FIG 7 is,another Eade%#giw&z.f the apparatus of FIG 6 showi ng the cutter
& e

el ement 2 APROF nber engaged with each other;
FIG 8 is a top viEiG.0f9 is haclmntdie peapaivelvievodf drhatchppiae ahs efmdnk &.usb irand

7; lG. 9 s a partially cross-sectional side view of another
appar at us acc%lredalr%ézgpgge@son’ the invention (enploying a horizontal support
base as a recept acFESfris elschepmtic gerspective vieo¥ ef anapparatuszer)rdirgQo the

FIG. 10 is a j kew of the apparatus of FIG
R@Eﬂt‘gﬁ!&%pﬁff@rﬁﬁhé@&&ér? ent HORIG b PP

9; 11 is a partially cross-5ectional side view of
anot her apbar at us 8E&AIdF ARPthey schematicineEsprefiMetiwaf an apparatus accordimg tgtha 2 j s

a schematic paremes, enplovipwhotuttdielearpaspties 19f FIG 11,
FIG I3 1s a schemgid o nerspective e of - anal LeLnatl e ik LSl Sk
or use in 35 the Pred@ACI AR TEH
member;
FI1G. 23 illustrates a general class of comneal surgery procedures involving the
20  removal of a thin layer of corneal tissue which can be carried out with the apparatus of
the present invention;
FIGS. 24A-24C illustrate a second class of corneal surgery procedures which can
be carried out with the present invention;
In FIG. 24A, a first step is shown, involving the removal of a portion of the
25  cornea is shown;
F1G. 24B shows the second step in this procedure where the posterior surface of
the removed segment of corneal tissue is reprofiled;
FIG. 24C illustrates the third step in the procedure of whereby the reshaped
corneal segment is replanted onto the cornea;
30 In FIGS. 25A-25C yet another corneal surgery procedure is shown;
In FIG. 25A a portion of the cornea is again removed {or hingedly displaced)
employing the present invention,
In F1G. 25B a second reprofiling procedure is carried out on the exposed corneal
surface;
35 In FI1G. 25C, the removed or displaced tissue segment is replanted onto the
comea;



- 8- FIG 14 is a schematic perspective view of an appar at us

according to the I nvention, enploying the cutter elenent of FIG 13;
FIG 15 is a schematic perspective view of another alternative cutter

el ement for use in the present invention; 5 FIG 16 is a
schemati c P& ¥pdeti ve view of an apparatus accor di ng to thePCT/US8/11211

I nvention, enploying the cutter elenent of FIG 15; FIG 17

is a schemat | c, partially cut-away, perspective bottomview of a support
base and ocul ar reference nmenber “accordi nggto the invention; .
FIG 18 is a schematic cross-sectional view of the structural conponent of
the 10 support e of F FIG 19 is a _schematic
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WO 98/ 53774 Pgesem !g Shtion.

Detailed Description
20

In FIG. 1, a system 10 according to the invention is shown schematically
disposed upon the surface of a biological tissue site 2 for removal of a lamella 4. In one
embodiment, the tissue 2 is either the anterior surface of the cornea or an exposed region
of the cornea and the removed lamella is chosen such that the overal] curvature of the

25  cornea is modified in order to correct refractive errors in vision. The simplified
schematic illustration of FIG. 1 shows the system 10 as comprising two fundamental
components: a cutting element 14 for slicing a lamellar segment from the tissue along a
cutting surface, and a reference member 12 for holding a portion of the surface in place
as it is cut. The reference member 12 is adapted to engage the tissue surface and has a

30  peripheral, guiding edge 8 for guiding the cutter 14 along a cutting surface.

The cutter 14 of FIG. 1 can be a wire, fiber, band or blade cutting element which
cooperates with the reference member 12 to remove a lamella of tissue from the surface.
The cutter 14 is guided long surface 8 and, thereby, drawn through the tissue (from
35  points A to B as shown schematically in FIG. 1) to effect removal of the lamellar

segment of tissue. (In use, particularly during corneal surgery, the surface may be



9- FIG 26 illustrates a further aspect of the invention

I ncl udi ng a guide ring which can be used to join and/or align the
apparatus of the present invention with a target bi ol ogi cal tissue
surface; . FIGS. 27 and 28A-B illustrate further alternative
struct ur eswW®98/§36Ty1ing the 5 reference menber to a tissuBCTHPFEN2H i te;
FIG 27 is a side view of a reference nenber coupled to a vacuum or
suction neans; FIG 28A is a bottomview of a reference show ng nenber
showi ng one configuration of suction portsjpand FIG 28B is anot her :
bottomview with an alternative configuration of suction ports.

In FIG 29 a further aspect of the invention is schematically illustrated
wherein 10  defermad dasspownrdine Sofastaesyledleoptaeiedatwrtreine refcirare peanar 12
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gui di ng edge 8 for surtace.
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utter ng ,surface
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20 member 12. As shown in FIG. 2, the cutting assembly 20 has been swung up and out of
engagement with reference member 12. This is a typical initial position for the system.
In use, the cutter assembly swings downward in a pendulum fashion, pivoting about
bearing 22 until the cutter 14 engages the guiding surface 8 of reference member 12.
The reference member 12 of FIG. 2 is a solid structure, and preferably at least
25  partially transparent to facilitate viewing through viewing tube 24. The peripheral edge
of the reference member defines a cutting path for the cutter 14 when these components
are brought into engagement. The reference member 12 further includes an internal
cavity 9 which will define the shape of the removed lamella. Because the cutting
element 14 is rapidly moving in a linear direction as it traverses the path defined by the
30  edge 8, it is important that the edge material of reference member 12 be very hard and
resistant to damage by the cutting element. For this reason, the edge of the reference
member is preferably formed of a ceramic material or otherwise hardened material. In
some applications a diamond or sapphire ring structure may be desirable. Alternatively,
plastic materials coated with diamond-like protective layers can be employed. It may
35  also be desirable to impart a degree of adhesiveness between the bottom (e.g. the cavity
portion 9) of the reference member and the cornea by an appropriate coating prior to



10 - defornmed --as shown by line 6-- as a result of contact between

the reference nenber 12 and the tissue 2. Follow ng surgery, the
surface will return to its original curvature --as shown by line 7--
except as-gp %Ls by the renoved | anella.) I nor e
detail ed appar ; us 10A is shown for inplenentation of the r}ﬁ/&pgrgé}szelﬁt

i nvention. The apparatus of FIG 2 can be particularly useful in performng
refractive keratectony. System 10A includes a rigid reference nenber 12 at
the di stal end froma view ng tube-2k: An eye piece 26 at the

proxi mal end of view ng tube 24 facilitates viewi ng of the cornea
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tensioning posts 56 can also be employed to ensure the proper tension.

The ferules 58A, 58B serve as guide posts for the cutting element 14 as it is
drawn along the guiding edge of the reference member. These ferules can also provide
snap in attachment points for joining the cartridge 18 to the platform 16. One or more

30  additional snap-on projections {not shown) can also be included in the cartridge body to
provide a secure connection between the cartridge 18 and the platform 16 during usage.
The guide posts 58a, 58b which serve as conduits for the cutter element 14 are preferably
formed of a ceramic or otherwise hard material. Most of the other components of the
cartridge can be constructed of inexpensive plastic. (Alternatively, the entire cutter

35  assembly can be constructed so as to be disposable with a snap-on/snap-off connection
to the reference member and/or drive mechanism.)
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the cartyidge 18 and t uring usage
58a, 58@%|%‘H“§ép9%}55%f%ﬁmﬁts for the cutter el ement 14 are preferably

formed of a ceranmh@ttghq&xt@émago@ﬁssia@ﬁ@tﬂa&h in Mesctn&fduhé}ﬁ o?FIES. 2.5, it
rtr.i ge, can pe .construct i nexpensi ve 1 aStI C.

conponents o
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25  ofthe cutting element 14, its diameter, its texture {e.g., flat, smooth, abraded or
roughened), the linear speed of the wire (as it is drawn from one spool to another), and
the speed that the cutting element as it traverses the path. Tension can be controlled by
the speed of the spool motor 30, the resistance of the take-up spool 54, similar resistance
by the feed spool 52 (e.g., by preloading the wire under tension), by mechanical brakes
30 or electronic brakes (e.g., eddy current controllers). In some applications it may be
desirable to impart a non-uniform tension to the wire during the course of the procedure.
Similar variations in tension may also be desirable when the cuiting element is operated
in an oscillating rather than unidirectional manner.
Although two separate motors 30 and 34 are shown in the embodiment of FIGS.
35 2-5 for actuating the take-up spool and pivot bearings, respectively, a single motor can
be used for both purposes. The driver that brings the cutter into engagement with the



The cutting elenent 14 can be a wire or band fornmed fromnetal, ceramc, or
other sufficiently high tensile strength materials. For exanple, a cutter

el enent can be a tungsten or steel wire having a dianmeter of about 1
to about 2y, aorans. Alternatively, the cutter elenenhgﬁ@n be a

car bon, SI|ICOﬂ carbide or ceranic fiber of sinilar PoH2irhe
cutting elenent can be a nonofilanment or a multifilament structure. In
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engaged with each other such that the cutting element 14 has traversed a path along the
guiding edge 8.

As further shown in FIGS. 6-8, the cutting assembly includes at least one motor

70 for actuation of the take-up spool 84, and preferably also actuating the pivot bearing
30 23. Upon actuation of the take-up spool 84, the cutting element 14 can be drawn from

the feed spool 82 along a path from ferule 58A to ferule 58B and taken up by spool 84,

As the wire is drawn between the two ferules 58A, 58B, the moving cutter is driven into

engagement with the guiding edge 8 of reference member 12 to perform the tissue

resection. System 10B includes an altemnative mechanism for adjusting the azimuthal
35  orientation of the reference member relative to the cutter assembly 20B. The distal



enpl oy a pivoting or sweeping action; translatory stages can be substituted

for illustrated driver mechani snms. Moreover, in sonme applications,
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25  this embodiment the fiber or band cutter 14 is drawn across the guiding edge 8 of the
reference member 12 in a manner nearly identical to that described above in connection
with FIGS. 9 and 10. However, a single reel or drive wheel 192 is used to impart the
linear or oscillating motion to the cutter. The drive wheel 192 can be activated by a
motor (not shown) and can further be coupled to counter balanced weights 208A. and

30  208B to dampen vibrations. In the embodiment of FIGS. 11 and 12, arack 210 and
pinion 212 assembly is used to impart linear motion to the cutter 14 to draw it across the
guiding edge 8 of reference member 12. Again, the support base 25 can include a
viewing tube 24 to facilitate viewing of the procedure. However, because the assembly
as shown blocks direct vertical viewing, folding mirrors such as those illustrated in

35 FIGS. 6 and 7) can be employed to redirect an image of the tissue undergoing resection



general ly horizontal support base 25 replaces the vertical view ng tube of
the previous 5 enbodi nents. (It should be appreciated that the terns

"vertical and "horizontal" are used solely for ease of illustration;
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14C. The supports can be either wires or more rigid strut-like components. In either

event, the support struts Mc can be bonded to the blade 14B to facilitate oscillatory

30 motion.

In FIG. 16, an overall system 10F is shown in which the Blade 14B is connected

to a support to FIG. 16. This support includes a upwardly projecting coupling post 224
and at least one rail element 217 which is coupled to a linear track 218 for back-and-
forth motion. Although various alternative techniques will be obvious to the skilled

35 artisan, the mechanism illustrated in FIG. 16 employs an oscillation wheel 220 having an
undulating track in which the coupling pin 214 is carried. As the wheel 220 rotates, the



17. The word "bl ade" as used herein is intended to enconpass unitary
structures and conposite structures having at | east one relatively
stiff conponent designed to cut tissue. The bl ade el ement 14B can
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Various porous matenals can be used to construct the reference member 12. In

one preferred embodiment, the reference member is both porous and transparent. For

this purpose, plastics with many holes can be used. Alternatively, porous sintered plastic
30  filters available from commercial sources, such as Millipore Corporation, (Bedford, MA)

can be employed as transparent reference members. Porous plastics can also be

manufactured by compression molding technigues.

It has further been found that water enhances the transparency of such porous

plastic reference members because when the pores are filled with water (with an index of
35  refraction of about 1.35) it closely matches the index of refraction of the plastic matrix

material (typically having an index of about 1.5). Preferably the average pore size of the
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electromagnets when operated in conjunction with a second set of peripheral
electromagnets 250 can cause the blade 14B to advance across the guiding edge of the
reference member by electromotive force with virtually no physical contact between the
blade and any motorized driving elements. The mechanism illustrated in FIGS. 19 - 21

30  is essentially a magnetic propulsion system similar to that used in modern "mag-lev"

railway transportation.

With reference back to FIG. 1, the present invention is ideally suited for the
removal of thin layers of corneal tissue. When reference member 12 is placed in contact
with the corneal surface, it can be used to remove the epithelium or a precise layer of

35  corneal tissue of predefined thickness. The thickness of the removed lamella is

determined by the shape of the interior distal surface of the reference member and, in
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The nost_comon proble op era
initiation ofcneremagper. By appropriate chIgn of the reference member, the tissue surface 2, as

shown in FIG. 23 can be modified by removal of the lamella 92. To remove a lamella,
the tissue need only be pliable enough to conform itself to the shape of the cavity 9 at the
distal end of the reference member 12 (as shown in FIG. 1). For a particular cavity
design, the shape and volume of the removed lamella will be same regardless of the

30 tissue type so long as the fissue is pliable and incompressible at the level of pressure
applied. Because the referencing of the tissue by the reference member takes place on a
very local basis, precision can be achieved despite alterations in external conditions.
Thus, the accuracy of the lamella resection is largely immunized from disruption by
breathing, heartbeat, involuntary patient twitches, and/or the manual movements of the

35  clinician during the procedure.
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remove the epithelium, e.g., with its basement membrane intact, in other applications.

In FIG. 26, a guide ring 120 is shown which can be used to join and/or align a
reference member 12 {(shown in phantom) and a tissue surface. Guide ring 120 can be
30  used to secure the reference member in place. Various techniques can be employed to
affix the guide ring to the corneal surface. For example, a vacuum line 124 can be
connected to the ring 120 such that a plurality of orifices in the bottom surface 122 of the
ring is used to secure the ring to the cornea by suction. Alternatively, the guide ring can
include an adhesive coating or a plurality of pins which penetrate into the stroma during

35  use and anchor the device in place. The reference member 12 and suction ring 120
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be achi eved by activation of ot 1 ne mechani sm 3 as s own in
FIG 4, bef Beain Ren-égxiyred mééoreerrﬁpeﬁ%ﬁrrdﬁenﬁrraa%reéace}fta&erYéewmg Insurface).
In FIGS. 27amﬁkr%&énﬁtwaéﬂowrﬂﬂtm@%M,ﬂﬁ@fdfexﬂﬁ&hﬁémsmaﬁQ:Ea sk@ged lotheecuri ng
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and a vatuufricivosios aiResiveTagions 137 beteker sxbeustomyertsi he thedmebagdimgentaifng edge
8 and a caviiy fhp A% Witihg 83528t IRY securing structures to ensure smooth passage
of the cutter and a central transparent region of the cavity is again preserved to allow
viewing, if desired. As shown in FIG. 28B, the edge can also include a stop mechanism
127 to facilitate partial resections (e.g., for mechanical or LASIK stromal sculpting
30  procedures). The stop mechanism 127 can be a groove recessed into the guiding edge 8
which captures the cutter {or triggers a guillotine mechanism that severs the cutter before
complete resection occurs).
As noted above, reference member 12 can incorporate a variety of shaped
cavities to facilitate removal of lamella of any desired shape and thickness. If the
35  guiding edge of the reference member is planar, the shape of the removed lamella is



viewi ng tube 131. FIG 28A illustrates an enbodi nent in which the vacuum

source attaches the reference nenber 12 to the tissue via on or nore
ports 134 on the guiding 20 edge. In addition, a portion 136 of the
internal cay rface can be textured or coated n_adhesi ve
mat eri al . %ﬁ%}%@?\nﬂng is desired, a portion 135 of the caV|t C@HF?Sé‘de“can
remai n non-textured (and/or non-coated) and transparent to facilitate
viewing. In anot her alternative shown in FIG 28B, the reference
menber can be secured to the " tissuelby one or nore suction ports 138.
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FIG 28B, the edge can
facilitate Baidipged %eé%C@&Tef?ﬁ%“C(’éannberf é{SI mi§§IIG029 tixStekerenaeanerhber

scul pting 3Q2 caﬂh@@&eeﬂhﬁrﬁﬁx)near T(m SRR} gﬁan@rydgem i2 77&@%«:@&@&1&%\59&&@?886(’

into the gu:ggﬁ)g gf{ gh capt ur es cutter (or triggers a

gui | | oti ne MEEIPRIHY dxfherropstausiign felf%‘eﬁ‘iﬁ‘i‘%m He¥apes to addresyasiont astigaratist i on
occurs). corrections. ~ As noted above, reference nenber 12 can incorporate a
vari ety of shape itate . .renov || a of any

ities
desired shape anﬁd?rﬁ Pek %g §hapy pf‘ﬁ’@‘%@% lhegﬂ?f‘cﬁ%’b“@&?én%?dgteﬁgﬁ?%? erence
menber is plamandousHiexdhbiyevivie mhietairng peedist anetrdlaviesthe shape of the resected

-21- g ar&%f;}plmlﬁet@&%@@%(&Xestmcﬁwkbé?r?&éso, tenlI9 B3 LY %‘BW&. cal

corrections, the cavity can
shape. the present iInvERHigRRAITItE halpﬂﬁgaﬁ:ﬁxﬂp@lgm@tﬁemmcorrpl i shed by variation

of the form of theaddition, b@éﬂ\ﬂéﬂﬁ 2698 i‘ﬂt’eﬂttb% rﬁﬁia@rnﬁﬂ(fﬁarﬁ? fihg oﬁéatao s,

illustrated.in. erence nmenbe can ve a non-[i near
(non- pl anar )f q@ﬁ’fed &f?g‘“’é’&kfé O?d‘f F@nfre’i“ﬁi“tb? %?éf&l‘)’ tsh%ﬂ?é PegFSEATY #p treat the

f1 exi bility vamoushetigmmsd pmblehﬁmxﬁsztéﬁbﬁraﬁiﬁpﬁlaﬂﬁﬂbﬁ bShanas. thH%Té:@ﬁ&
e uni

t ti T ..
v U SRR, B S5 RS iting e usra TS s A A B
f 1 exi bi | i tyfighie, eeferangstraemberg 2pnd ciosolaran guidingoadge 18 kiefistapetting phthers the
resect ed locutnhggﬁh‘!eﬂt 1slc¥i'é»\/11§§cr§§§0m@ sxlﬁ?a{cg ?[ﬁ?esdxg\gf qufaEg by tthggﬂﬂerﬁgeé nherently
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rotation of sleeve 17. Other orientation mechanisms will be apparent to those skilled in
the art.
In FIG. 31, a housing 160 is shown for the systems of the present invention
30  suitable for hand-held operations. The housing 160 includes hand grips 152 so that the
surgeon can hold the instrument between his or her fingers. (Preferably, the surgeon
also uses the base of his or her hands and/or the smaller fingers to hold the patient's head
during the corneal resection.) As further shown in FIG. 31, the proximal end of the
viewing tube 24 projects from the top of the housing 160 and the reference member itself
35  isdisposed upon the eye at the bottom of the housing {not shown). The instrument can
also include a conduit 154 to provide of electrical power and/or suction to facilitate



either rotating the cutting nmechanismvis-[err]vis the reference nenber (or

vi ce-vers[err]) to a desired orientation prior to activation, a whole
set of different shapes can be renoved fromthe tissue surface using
a single reference nenber design. Wth reference again to FIG 2, the

azi nut hal J¥YP&#PHT4 on of the cutter assenmbly can be adj ust e@CHESS¥IRELI ng a
25 particul ar nmounting |location for pivot bearing assenbly 22 al ong the

circular ring 21. Alternatively, with reference to FIG 6, the
azinuthal orientation can be adjusted by.7;. rotation-of sl.eeve 17. O her
orientation nechanisnms will be apparent to those skilled in the art.

In FIG 31, a housing 160 is_shown for the systens of the present invention
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can be acco oS . ad] t he. pi ar,ns 170 d 17 as
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72A) . 15 visual sighiingswhenihe prientfiges his of hergage pythedighticawemetierilyGdignhi ch
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i ndependent housing 1 64A simlarly nmount'ed via pivot arns 180 and 182
for rectilinear novenent. In use, the patient's head can be

i mmobi lized or a fixation light 166 can be enployed to create a 15 vi sual
sight line when the patient fixes his or her gaze on the light to
automatically align the systemw th the optical (or visual) axis of

t he eye.



- 23- Cl ai s 5 1. In a surgical apparatus
conprising a cutter (14) for slicing a | anmellar segnent from a

bi ol ogi cal tissue, _ ~thé |nprovenent conprising: a reference
menber (12) for securing a sel ect 0 ;f?« on of tissue,_the reference
nmember adapWVBP887dngage t he - ‘ pheral , Hol/HPHG 1edge
(8) integral with, or coupl ed}ik - rﬂeférence rrenber for-guiding said 10
cutter, said cutter further corrpr|5| ng a driver (20, 2f, 21(3 250) such™

t hat the cutter can be brought into physical cont aghg StBstnh& pigdy di Ng
edge of the reference nenber and drawn t hrough ;:; ol §ji Ssue
to effect rempval of a | anellar segnent of the tissue. sl il ng

The appar at usCl#ms| ai m 1 wherein the cutter conprises a flexible %ing

el ement, such as a wire or band. 15 3. The apparatus of claim
1 wherein the cutter conprises .a bl ade $ % 4 i 4. The

appar atus of claim aequgg;czflﬁgp@e%g, MPFing @rupehidf fasliging gdpmeliar
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| i near 25 notive fuator (202, 212) in order to draw the cutter through
the tissud segmentofthe tssye. The apparatus of claim1 wherein the cutter
further conprises a rragmdptparams of chairhi lweh&reinube ouitter 2bMpribes Dflekdblelcatithgaw
the cutter throug_g g S 8. The apparatus of claiml
wherein the ré‘?[@ nee ﬁ%ﬁbé’feq{a}@n% non- pl anar gui di ng edge (108)

whi ch defines a nch- pl ail@rappatatus3 claim 1 whereinGhe cutteTltemppipesraablade 8Bl ai m 1
wherein the apparatus f r e t Ierrent
(L7 17B) forur of ng. ¢ He SoReERTRART Bhert B pprer furRSOABANE P

the ref erléncemmiém (32 52, 192) for reeling the cufting @Wamtaﬂﬁéleéﬂ Oéil‘?ﬁaﬁﬂiv W@hn

t he appar at Usasfibifstdbfin 060N tREBssak ah@%%tmnauy, aﬂB@chétb?(ﬁOaQQ@"BSWfdfer (31,

33) for orienting.the reference.ne r
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menber is at tissast partially transparent to facilitate view ng of the

ti ssue during the
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20  pendulum assembly (20} for imparting a sweeping motion to the cutting element in order

guttipg apparatus of claim 1 wherein the cutter further comprises a swinging

to draw it through the tissue.

6. The apparatus of claim 1 wherein the cutter further comprises a linear
motive actuator (202, 212) in order to draw the cutter through the tissue.

7. The apparatus of claim | wherein the cutter further comprises a magnetic

25  motive actuator (250) in order to draw the cutter through the tissue.

8. The apparatus of claim 1 wherein the reference member has a non-planar
guiding edge (108) which defines a non-planar cut.

9. The apparatus of claim 1 wherein the apparatus further comprises at least
one magnetic element (174, 17B) for urging the cutter into contact with a guiding edge

30  of the reference member.

10.  The apparatus of claim | wherein the apparatus further comprises at least
one orientation marker (31, 33) for orienting the reference member vis-a-vis the path of
the cutter.

11.  The apparatus of claim 1 wherein the reference member is at least

35  partially transparent to facilitate viewing of the tissue during the cutting.
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-24 - The “apparatus of claim1 wherein the reference
menber further means~to0 secure the tissue surface to the
ref erence menber, for e§< jf t her suction, a frictionally
adherent surface or an adhesr J@'r ng to physically b| nd t he ti ssue
surface tWOBKEITéf erence nmenber. 13.  The ap$dr&P#disi claim
1 wherein the apparatus further conprises an optical view ng assenbly
adapted for optical alignnent, or direct coupling with a video

caner a. 14 The™ apparatuz4 of claim 1l wherein the tissue
engagi ng surface of the ref erence nenber is shaped to create a
peripheral step at the point of initial cutter mcrsrop so as to
facilitate entrylof thBe arRparatys ¢hplaim hy riregeté}erefereﬂce member furthgicomprigge

appar at us ohe#ilsab @&chrd\hr@ftﬁsu% sub@cioRRE ﬁﬂ"@t’énée&mérﬂbérhﬁi cRgnplecBy bither
secure a cornea of % aé{g t he r_@f erence,, nenb The
r
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vacuum souritssug surPate td Bd)refecensemersbet.ne cornea to the reference nenber by
suction. 15 7, r m re i n the apparatus
further 5corrprr selsja T&eapp@nalhsoﬁf%rlgévﬂgre t?%aspar ééﬁ:ﬁ% nENber - Aas a

por ous ti ssemicehyjayingmpssamifipedsptedhfos loptical alignhent, ercliysceebupling hath\eaddeom

source effegls 4issue adhesion. 18. The apparatus of claim
15 wherein t e reference menber further conprises a frr ctr onal |y
adher ent sur f acel4 136} ¢ epparajas efalaign bvhercinibe dswusengamng sefaze of theef er ence
nmenber . reference membek s shapdd'® RBRAL Eﬂx&%‘e%fls éﬁ't[ﬂelp% MhEn gt duper r ef erence
menber further ri ses an dhesrve c (137) to physically bind
the corifea "E‘S‘S‘t"l’?éoraéf‘e?%ﬁlf@e entry of ﬁ’@r‘?ﬁ@?r into the tissug. 20.  The apparat us

of claim 15 wherg.n tTke a@faﬁtwelmnﬂ)ﬁhexfeuﬁheeppﬁﬁus iscfanhéri sdestedito

nmechani cal ns for sical | din oSornea to the reference
menber . SEedi% correal rl? neyq &%5 %grreﬁ?eg? 0Pl ai m 15 wherein t he apparatus
further conprisebb.an The appasyns afaliaigi Swhereiadbeaprayatagibipthecdmprisepe i cal

al i gnnent, ‘Po{cugrinrsgﬁrtcegpﬂpli 54'59(0%%’:{]‘63 the. comea t§ H{e%ﬁ?énc%&%ﬁ Bf@uctl%q

22. The apparatus o paratus furt conprises a
stop 12 nmechahi-sm T apagates er?éarlmtlhsewl"@ﬁmlt AR BUORIRCTGOMRATEES §

severed.  vacuum source aBSthe reﬁ?@camﬁ H&s Qf)mﬁhﬁtﬁhééng@tgﬁ{geduﬂfab@ viagpar at us
further co conprising a receptacle

(13) for n@é?p{/‘f%‘é?eldﬁg ﬂ?ee‘faél"’g‘ﬁégwﬁﬁ ﬁ'&é‘?tg tissue ag%?’?ﬂ’ "when coupl ed to the
ref erence menber18§.or nBhe afpatadassd dlaimplidr wherginithié referestgenérober3brthergui di ng a

ggtgteeg (Sue Nediilsel D8GHSNLRY aiRPer® SulPdc@Y9HY) tb B GANARE thtichiheh Rfu@ui di ng

20 reference member.

i19.  The apparatus of claim 15 wherein the reference member further
comprises an adhesive coating (137) to physically bind the comnea to the reference
member.

20.  The apparatus of claim 15 wherein the reference member further

25  comprises a mechanical means for physically binding the cornea to the reference
member.

21.  The apparatus of claim 15 wherein the apparatus further comprises an
optical viewing assembly adapted for optical alignment, or direct coupling with a
surgical microscope.

30 22.  The apparatus of claim 15 wherein the apparatus further comprises a stop
mechanism to ensure that the lenticule is only partially severed.

23.  The apparatus of claim 15 wherein the apparatus further comprises a
support body (24, 25) comprising a receptacle (13) for receiving the reference member
and when coupled to the reference member forms, at least in part, guiding edge for

35  guiding a cutter such that the cutter can be brought into contact with the guiding edge of



WD 98/ 53774 e 25- t he
ref erence nmenber and dr awn throug ‘ /sue to effect renoval of a

| arrel | ar segment of the ti<& W/IL/@!/ 24. An reference
menber ( 1%for use in a surgical &ppar s 74 n removing a | anel | ar
segnent fr &Y BB GYi cal tissue with a cutter, the referencePrEMsa11211
conprising 5 a reference body surface (9) adapted to engage a tissue
surface and having a peripheral, gui ding edge (8) for guiding a
cutter such that the cutter can be brough25into contact with - t he :
gui di ng edge of the reference nenber and drawn through the tissue to effect
renoval of _a lanellar segnent, of .the tissue 25. The
appar at us of EFEEFRARSH MFMEFLIT FRYN Hupusheite disshetp Efferiasmevalnfa lapellarg| anar
gui di hg edgessgif2d) ofhe cibsudef i nes a non- pl anar cut. 26. The

apparatus of claig 24 I us further.c rises.an .
ori entation mar keg}"( 31%%‘%}6 8‘% ;’l‘gﬁ%gﬁg@?ﬁg"ft“ﬁ%‘%%ﬁi&ﬁ@%ﬁé&?ﬂﬁeﬁm removing a
vi s-[err] - vi kmeher gggmientofrorméological tiseugt with a cutter, the reference 2¥ember T@prising

appar at us of , gleai i f.er : ' C
Porelal 'y ¢ fAeRe by Beielo) MEplR G APAR JTRUREur e Bha bR 2 Popperal,
cutting. guiding edge (§)dor guiding a gpeirsach habthecutienaandettienglit inte sentaetiwitlence

menber furt h@e guiding edg@BPicSeRrdRa AR 8EE HabnlthRulh SR Gssit id ARR: I'élPl?(yéF

r ef erence rrenfber, Ior exanpl e, b%; either suction, a frictiona
adher ent sur ¢ BMSHALBRINRS R1SESt i ng to physical Iy bind the tissue
surface to the reffrenthe sakess of2lim 24 wherein tROrefereddtemappar @kdsioaf claim
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i nci sion so as to2§.aci The gytperatustaficlaii 24hehareinttbe apparaud hether saterises an
orientation marker (31, 33) for orienting the reference member vis-a-vis the path of the
cutter.

27.  The apparatus of claim 24 wherein the reference member is at least

15 partially transparent to facilitate viewing of the tissue during the cutting.

28.  The apparatus of claim 24 wherein the reference member further
comprises means to secure the tissue surface to the reference member, for example, by
either suction, a frictionally adherent surface or an adhesive coating to physically bind
the tissue surface to the reference member.

20 29.  The apparatus of claim 24 wherein the tissue engaging surface of the
reference member is shaped to create a peripheral step at the point of initial cutter
incision so as to facilitate entry of the cutter into the tissue.



