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treatment for advanced chronic open angle

glaucoma
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Abstract

Aim—To introduce a new concept of ante-
rior chamber angle microsurgery, de-
signed to scrape pathologically altered
trabecular meshwork from the scleral sul-
cus as a potential treatment in primary
open angle glaucoma.
Methods—Gonioscopically controlled ab
interno abrasion of the trabecular mesh-
work was performed on six human eye
banking eyes for morphological analysis.
Thereafter, four eyes suffering from ter-
minal glaucomatous optic nerve atrophy
as a result of medically uncontrolled
intraocular pressure were also treated by
‘soniocurettage’. The newly designed
instrument resembles a meodified cyclo-
dialysis spatula with a bowl-shaped tp,
300 pm in diameter, and with its edges
sharpened. The treatment zone com-
prised 4-5 clock hours of the chamber
angle circumference.
Results—Microscopic examination of the
treatment zone revealed that in addition
to a complete disruption of the trabecular
meshwork and internal wall of Schlemm’s
canal goniocurettage also caused damage
to intracanalicular septa. A splitting along
the posterior wall of Schlemm’s canal was
also noted in one specimen. The clinical
data of goniocurettage also showed some
promising results. Mean pretreatment
IOP averaged 40.7 (SD 8.8) mm Hg (range
32-51 mm Hg) and was significantly
(p<0.04) reduced to 18.0 (4.2) mm Hg
(12-22 mum Hg) after 6 months, represent-
ing an absolute decrease in IOP of 22.7
mm Hg and a mean decrease in IOP of
56%. Clinically significant hyphaema oc-
curred in one eye, caused by iatrogenic
trauma to a prominent chamber angle
vessel. In three eyes a minor reflux of
blood occurred at the treatment site.
However, no hypotony, choroidal effusion,
flattened anterior chamber, or cyclodialy-
sis were observed in these patients.
Conclusion—Morphological analysis of
treated postmortem eyes confirmed
that goniocurettage completely removed
the trabecular meshwork and opened
Schlemm’s canal, ensuring direct access
into the anterior chamber. In a small
mumber of patients over a limited period
of time this new surgical procedure re-
sulted in a clinically significant pressure
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reduction. However, longer term follow up
and a greater number of patients are war-
ranted before this experimental proce-
dure is applicable to eyes that would do
well with conventional surgery.

(Br J Ophthalmol 1997;81:302-307)

Conventional glaucoma filtering surgery is the
mainstay of surgical treatment to control
intraocular pressure (JOP) in primary open
angle glaucoma.'? There is a growing trend to
perform surgery earlier in the course of
glaucoma management.® However, despite
increasing success rates, especially with the use
of adjunct antimetabolites, several problems
remain, such as hyphaema, flat anterior cham-
ber, and variable wound healing response to
conjunctival manipulation. In order to avoid
the latter, various techniques have been investi-
gated that minimise conjunctival dissection to
improve the success rate of filtration surgery.
Laser sclerotomy has recently become a viable
alternative to conventional glaucoma filtration
surgery.” However, varying success rates have
been reported using different laser systems and
techniques.*”’® Based on the concept of abnor-
mal resistance to outflow of aqueous humour
as a result of maldevelopment of the trabecular
meshwork,'' goniotomy,'? ab externo trabe-
culotomy,” and trabeculopuncture' have each
been recommended as surgical procedures of
choice in juvenile open angle glaucoma. In
recent years, trabeculotomy has again received
increasing interest among some glaucoma sur-
geons as a first choice surgical treatment of
chronic open angle glaucoma,” including
combined glaucoma and cataract surgery.’®
Based on transmission and scanning elec-
tron microscopy of trabeculectomy specimens
various authors have suggested that in most
cases of chronic open angle glaucoma the
primary increase of outflow resistance lies in
the cribriform layer of the trabecular mesh-
work adjacent to the inner wall endothelium of
Schlemm’s canal.'™ Presuming that the outer
layers of the trabecular meshwork play the key
role in the pathology of primary open angle
glaucoma, incisional surgery (goniotomy) or
mechanical disruption (trabeculotomy) of the
trabecular meshwork could then be a valid sur-
gical approach to medically uncontrolled open
angle glaucoma. Unfortunately, simple disrup-
tion of the trabecular meshwork with the
trabeculotomy approach or punching small
holes with the (Q switched Nd:YAG laser
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Figure I The tip of the ‘gomioscraper’. The bowd is 300
1am in diameter uith its edges sharpened.

(trabeculopuncture) removes little tissue and
allows filling in and scarring to occur with sub-
sequent closure of the trabecular opening.” *

The present study was carried out to
introduce a new approach in glaucoma surgery
aiming to scrape pathologically altered
trabecular meshwork off the scleral suleus in
six patients suffering from uncontrolled I0P
due to glaucoma absolutum. The aim of the
surgical procedure was to abrade rather than
incise uveal meshwork; this novel method,
therefore, is termed goniocurettage. A descrip-
tion of instrumentation, surgical technique,
and preliminary clinical results are given.

Materials and methods

INSTRUMENTATICN AND SURGICAL TECHNIQUE
In order to shell the trabecular meshwork out
of its scleral sulcus a new surgical instrument
was designed. The “gonioscraper’ consists of a
small handle and a slightly convex-shaped arm
for intraocular use and very much resembles a
cyclodialysis spatula. However, the tip of the
instrument is shaped as a tiny bowl with 300
um diameter and with its edges sharpened (Fig
1).In order to abrade clockwise and anticlock-
wise the scoop is angulated vertically at 90
degrees to the left and right, respectively.

The experimental part of the surgical proce-
dure was carried out on six human eye bank
globes, classified unsuitable for keratoplasty.
Death had occurred no more than 12 hours

: i

Figure 2 With the aid of an operating microscope and snder gonioscopic contrd ab interso

gomocureniage is peformed. Following abrasion an irregular patern of a glistening white band
corresponding to the ‘dertded’ grey-uhite sulcis scleralls can be seen (Black arrous).
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before surgery. Gonioabrasion was performed
under direct visualisation of the anterior cham-
ber angle with an operating microscope and a
surgical gonioscopy lens. Following injection of
viscoelastic, the ‘gonioscraper’ was inserted
into the anterior chamber through a clear cor-
neal incision at the temporal limbus and
directed against the trabecular meshwork at
the opposite side. In order to peel off trabecu-
lar meshwork the ‘scraper’ was lightly passed
over 2-3 clock hours to either side at the nasal
circumference of the anterior chamber angle in
sweeping movements (Fig 2). Great care was
taken to selectively pare uveal meshwork and
not to traumatise adjacent intraocular struc-
tures, such as the corneal endothelium or the
base of the iris. Gonioscopically, strings of
trabecular tissue could be observed intraopera-
tively to be removed by goniocurettage, leaving
a ‘denuded’ grey-white scleral sulcus. At the
end of surgery the viscoelastic along with
abraded trabecular debris were removed by
means of an irrigation-aspiration probe.

HISTOLOGICAL PREFPARATION

Following surgery three eye banking eyes were
processed for scanning electron microscopy as
follows: within 5 minutes after treatment, the
eyes were immersed in a fixative of 2% glutar-
aldehyde and 2% paraformaldehyde in 0.1 M
phosphate buffer at a pH of 7.4. After 2 hours,
the eyes were rinsed in phosphate buffer, and
the treated area was dissected out. Specimens
for scanning electron microscopy were post-
fixed with 1% osmium tetroxide in 0.1 M
phosphate buffer at a pH of 7.4. After 2 hours
in osmium tetroxide, the scanning specimens
were dehydrated in graded alcohols, critical
point dried in carbon dioxide, and sputter
coated with gold. The specimens were then
examined with the scanning electron micro-
scope. Those samples designated for light
microscopy were fixed in a 10% formalin solu-
tion. After 2 hours dissected samples were
dehydrated, embedded in paraffin, sectioned
by a microkeratome, and stained with haema-
toxylin and eosin for light microscopy.

PATIENTS

Six patients were included in this study all
suffering from medically uncontrolled IOP,
terminal optic nerve atrophy, and no light
perception consequent on chronic open angle
glaucoma. Exclusion criteria were: reduced
(=20/40) or threatened vision in the unoperated
eye, a history of uveitis, anterior segment media
opacity, ocular trauma, and neovascular or angle
closure glaucoma. Preoperative evaluation in-
cluded measurement of visual acuity, quantita-
tive visual field testing if possible, measurement
of IOP, gonioscopy, anterior and posterior
segment slit-lamp biomicroscopy, indirect oph-
thalmoscopy of the retina, and ultrasonography
when required. Informed consent was obtained
from all the patients, following the tenets of the
Declaration of Helsinki, after they had been fully
informed about the experimental nature of the
procedure. Surgery was performed in the above
manner using retrobulbar anaesthesia. Treat-
ment in the immediate preoperative period
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F igure 3 (A) Histalogical specemm of hsmnan anterior dramber angle structires foﬂmng
gomockrenage. The wide iatrogeric defect (Madk arrow) within the trabecular meshwork
opesang the canal of Schlanm (gpen arrow) is discernible. Light micrograph, hamaa‘o];\r?y

diss
and easm. Magmﬁcanou x 40. (B) Hiswlogical specimen ot a greater magmification, Note the
lar tisse in confuncrion with damage to the posterior wall of
Schlmm s candl. A cdiemr vessd (arrow) is opened. Light micrograph, haematoxylin and
eostsr. Magnificaion x 100,

included oral acetazolamide (500 mg), manmnitol
infusion (Osmofundin, 125 ml, intravenously),
oculopression for 10-15 minutes, and prophy-
lactic antibiotic drops and ointment.

All IOP readings were obtained with the
Goldmann applanation tonometer. Two to
four days preoperatively IOP was measured
five times a day over a period of 15 hours and
the mean was taken as baseline pressure. Post-
operatively, regular pressure readings were
taken during the period extending to the 12th
month. The same time intervals were used in
all patients. The number of postoperative pres-
sure determinations at a specific visit varied
from three to as many as five individual deter-
minations for some patients. Analogous mean
IOP was taken as a baseline value. Before con-
sidering glaucoma surgery and admittance to
the present study great care was taken to seek
the most effective and tolerable medical
treatment for IOP reduction 1-3 months
preoperatively (that is, medications being used
before surgery were discontinued to find out if
they were superfluous). Postoperatively, pres-
sure reducing medication was discontinued in
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all patients for at least 5 days. Thereafter,
recommencement of medical treatment was
titrated according to the postoperative pressure
measurements. However, there was no switch
in type of medication.

Results

EXPERIMENTAL RESULTS

Goniocurettage performed internally with a
newly designed ‘gonioscraper’ in one third of
the chamber angle circumference was gonio-
scopically controlled under high magnification
of an operating microscope. The scraper was
observed to pass along near the scleral spur
(Fig 2), tending to push trabecular tissue ahead
of it, but usually leaving the anterior portion of
the trabecular meshwork and Schwalbe’s line
in place. Gonioscopically, ragged strings of
trabecular tissue could be observed intraopera-
tively to be removed by goniocurettage, leaving
an irregular pattern of a glistening white band
corresponding to the ‘denuded’ grey-white
scleral sulcus as exposed by histology. From
light microscopy of histological sections (Fig
3A and B) it was evident that in addition to
peeling and disruption of the trabecular mesh-
work the gonioscraper caused damage to septa
and endothelium of the external wall of
Schlemm’s canal, and disruption along the
posterior wall of the canal. Flaps of uveal
tissue, capable of returning to its predissection
position, were not observed in the specimens.
Scanning electron microscopy (Fig 4) showed
that the trabecular meshwork was pulled from
its attachments, leaving ragged structures of
Schlemm’s canal within the scleral sulcus
exposing bare sclera.

CLINICAL RESULTS

Following its experimental application on
human eye bank globes goniocurettage was
performed on six patients (two male and four
females) with glaucoma absolutum whose ages
ranged from 63 to 79 years. Follow up
averaged 8.2 (SD 3.5) months (range 4-12
months). Pressure elevation was due to pri-
mary open angle glaucoma in five eyes and
pseudoexfoliation glaucoma in one eye. The
pseudoexfoliative patient was phakic the other
five patients were pseudophakic. Goniocuret-
tage was performed over 90-120° of the cham-
ber angle circumference in all patients. Retreat-
ment was not performed. Preoperative IOP
ranged from 32 mm Hg to 51 mm Hg (mean
40.7 mm Hg). Final postoperative IOP ranged
from 12 mm Hg to 22 mm Hg (mean 18 mm
Hg), representing an absolute decrease in IOP
of 22.7 mm Hg and a mean decrease in IOP of
56%. All patients demonstrated a decrease in
IOP (Fig 5), the smallest change being 25 mm
Hg and the largest being 42 mm Hg.
Postoperatively, the phakic and two of the
pseudophakic patients had an IOP less than 19
mm H g with only the pseudoexfoliative patient
requiring continued medication with a topical
B blocker. In one pseudophakic patient,
however, the fimal pressure readings at 10
months postoperatively ranged between 19 and
24 mm Hg despite adjunct local antiglaucoma
medication. The authors, in accordance with
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Figure 4 Scanning eectron microscopy depicss the deep furrow within the mterior
chamber angle, leaving ragged structares of Schlemm} canal within the scleral sulcws.
Furrow follounng treatment i bereveer black arrous.
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Figure 5 Imtraoadar pressure of six patients ssffering from intractable open ange

Gancoma.

Figure 6 (Gosmioscopic view of the treatmesnt area folloving gomiocurettage, A smal reflux
of blood was notified on a regular basis, however, uith no further sequelae.

the patient, opted against a retreatment be-
cause of a ferre absolutum and reduced general
health. All patients were able to discontinue
systemic carbonic anhydrase inhibitor postop-
eratively.
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A reflux of blood within the treatment area
occurred in four eyes, however, with no further
sequelae (Fig 6). In one patient there was
significant bleeding into the anterior chamber.
This was caused by an iatrogenic trauma to a
prominent chamber angle vessel. During the
postoperative period the anterior chamber
cleared without any further surgical interven-
tion being necessary. In the phakic eye
inadvertent descemetolysis of the treatment
site occurred. No corneal haze was associated
with it. Hypotonny (IOP in the 0-5 mm Hg
range) or choroidal effusion or flattened
anterior chamber were not observed. Intraocu-
lar inflammation was not prominent after
surgery and no patient had a flat anterior
chamber.

Discussion

Microsurgical procedures of Schlemm’s canal
and the human aqueous outflow system for
controlling intraocular pressure in refractory
forms of chronic open angle glaucoma have
been evolving over the past decades. The basis
for most of the present approaches to micro-
surgery of Schlemm’s canal is the finding by
Grant,” that the largest portion of resistance to
outflow is located within the trabecular mesh-
work, namely the cribriform layer,” '* and can
be eliminated by incising the trabecular mesh-
work and entering Schlemm’s canal.” * At-
tempts to develop surgical approaches are to be
found both in conventional and laser surgery.
Microsurgical dissection of the trabecular
meshwork (trabeculotomy, goniotomy) has
again received increasing interest from oph-
thalmic surgeons, both as treatment for con-
genital glaucoma as well as for primary chronic
open angle glaucoma including combined
glaucoma and cataract surgery.” '*¥?° The
procedures themselves have changed little
since their original description.” *
Nevertheless, there has been a trend towards
newer approaches. With advances in laser tech-
nology, many incisional intraocular procedures
can now be performed using different kinds of
lasers.” '* '* # Gonioscopic, non-contact ab in-
terno laser surgery such as neodymium-YAG
laser  trabeculopuncture,”  short pulsed
neodymium-YAG  laser  trabeculotomy,™
neodymium-YLF laser sclerotomy,” and pulsed
dye laser sclerostomy’® are some good exam-
ples of alternative treatment methods using
available laser technology. However, incisional
surgery as in goniotomy and simple disruption
of the trabecular meshwork with the traditional
trabeculotomy approach or punching small
holes with the Q switched Nd:YAG laser,
remove little tissue and allow filling in and
scarring to occur with subsequent closure of
the trabecular opening. Ito and associates™
reported that in monkey eyes 1 year after
trabeculotomy, the chamber angle was almost
completely restored by newly formed trabecu-
lar tissue identical to normal trabecular tissue.
At that time no direct communication between
Schlemm’s canal and the anterior chamber was
discernible. In the early postoperative phase,
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however, they observed rather large wound
surfaces, possibly facilitating subsequent fibro-
proliferation and scarring. Thus they came to
the conclusion that the observed increase in
resistance to aqueous outflow following trabec-
ulotomy is caused by a secondary repair proc-
esses of the endothelio-trabecular meshwork
closing the sites of earlier trabeculotomy.

In this study we describe a new technique in
glaucoma microsurgery aimed at dealing di-
rectly with the pathoanatomical site of maxi-
mum resistance to aqueous outflow. In an
attempt to avoid early reclosure by secondary
fibroproliferation of the remaining uveal mesh-
work goniocurettage removes tissue rather than
incising or disrupting the uveal meshwork. In
order to do so we designed the ‘gonioscraper’, a
novel microsurgical instrument for transcameral
use. Despite the obvious difference in surgical
instrumentation the procedure itself, to a certain
extent, is comparable with the classic technique
of goniotomy. Clear visualisation of the chamber
angle structures by gonioscopy and a deep and
stable anterior chamber are prerequisites for
successful surgical treatment. The intended
mechanism of action of goniocurettage is to
remove pathologically altered trabecular mesh-
work and to open a route for aqueous humour to
egress either into Schlemm’s canal or, in the case
of damage of the canal’s external wall, to ooze
out through microsplittings within the posterior
scleral wall.

Microscopic examination of sections of the
angles of treated eye bank eyes confirmed that
this new technique produced a deep furrow
within the trabecular meshwork, completely
removing the inner wall of Schlemm’s canal. It
commonly disrupted intracanalicular septa
and damage to the external wall of the
Schlemm’s canal was also recognisable. Thus,
the increase in outflow may not be attributable
entirely to the elimination of resistance to flow
through the trabecular meshwork and inner
wall of Schlemim’s canal, but also involve a
splitting of sclera posteriotly to Schlemm’s
canal. This ab interno approach may be an
advantageous procedure because the conjunc-
tiva remains undisturbed and, if required, a fis-
tulating procedure can be easily performed ata
later point.

A clinical trial evaluating the efficacy of
goniocurettage as an antiglaucoma microsurgi-
cal procedure in primary open angle glaucoma
is currently being carried out. So far, prelimi-
nary data from a small group of treated eyes are
already available. All six patients experienced
an absolute decrease in IOP {mean 22.7 mm
Hg; 56% from baseline), but IOP in one
patient remained significantly greater than 20
mm Hg. Intraoperatively, the surgical proce-
dure of this phakic patient proved to be more
difficult, since extra care had to be taken not to
damage the crystalline lens. Surgery was com-
plicated postoperatively by a hyphaema from
sustained bleeding of the circulus arteriosus
iridis major. Five days postoperatively, the
hyphaema almost cleared without further
surgical intervention. Undue inflammation was
not observed postoperatively in the remaining
two eyes. Complications relating to postopera-
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tive bulbar hypotony or reduced anterior
chamber depth did not evolve. Imadvertent
cyclodialysis as a mechanism of pressure
reduction was ruled out by means of high
frequency ultrasound biomicroscopy inall four
cases.

However, the limited number of treated eyes
and maximum follow up of only 12 months
restrict clinical interpretation. At this point
goniocurettage has to be regarded as an experi-
mental procedure aiming to relieve trabecular
outflow resistance. Longer term follow up and
a greater number of patients are warranted
before this procedure is applicable to eyes that
would do well with conventional surgery.
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33197 7591) 057192018 I LICAMINIR |
STOUT, UXA & BUYANLLP WEISBERG, AMY REGINA
4 VENTURE, SUI'TE 300
IRVINE. CA 92618 | ART TINIT | TATTR NTVIBER I

3734
DATE MAILED: US/1902015
I AFPLICATION NO. l TITING DATE | TIRST NAMET.INVENTOR ATTORNTTY DOCKTT NO. I CONTIRMATION NG,
| 481,754 0902014 John T. Sorensen NEOME-QI9A3-T'8-(32 958)

TITLE OF INVENTION: METHOD FOR FORMING AN OTENING IN THE TRABECULAR MESHWORK OF THE EYE OF A PATIENT

| AFFT. TYTT. | TNTITY STATTS | ISSUR TR T Immr,n':,-mnx T DUT II"RF.V. DA ISSUR TTE. [ TOTAL TTS; TR I DATE T ]

nenprovisional SMAILL $480 S0 80 5480 08/19/2015

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY TIIE APPLICANT, SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAII lNG DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS

) T BE EXTENDED. SEE 35 U.S.C, 151. TIHI ISSULE FEE DUE INDICATED ABOVE DOLES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN TITIS APPLICATION. IF AN ISSUE FEE ITAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUL.

IIOW TO REPLY TO TIIOS NOTICE:

I Review the ENTITY STATUS shown above. IC the ENTITY STATUS is shown as SMALL or MICRO, verily whether entitiement to that
entity statvs still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL TEE(S) DUE shown above.

If the ENTITY STATUS is changed (rom that shown above, on PART B - I'EE(S) TRANSMITTAL, complete seetion number 5 titled
"Change in Pntity Status ([rom slatus indicated above)”.

Tor purposes of this nolice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

IL. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPT() with your ISSUL I'EE and PUBLICATION I'LE (if required). If you are charging the fee(s) Lo your deposil account, section "4b”
of Part B - Tee(s) Transmittal should be completed and an extra copy of the form should be submitied. If an equivalent of Part B is filed, a
request to reapply a previously paid issuc fec must be clearly made, and delays in processing may oceur duc to the difficulty in recognizing
the paper as an cquivalent of Part BB,

[11. Al communications regarding this application must give the application number. Please dircct all comnminications priot to issnance to
Mail Stop 1SSUE HEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issving on applications filed on or after Dec. 12, 1980 may require payment of
mainienance fees, 1Uis patentee's responsibility to ensure limely payment of maintenance fees when doe.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, tegether with applicable fee(s), to; Mail Mail Stop ISSUE FEE

Commissioner for Patents
1>.0. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTTIONS: This Torm should be used {or transmitting the ISSUE FEE and PUBLICATION FEE (il required). Blocks 1 through 5 should be completed whers
appropriate. All further correspondence inchuding the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence addiess as
indicated unless correcled helow or direcled olherwise in Block 1. by (a) specilying a new correspondence address; and/or (h) indicaling a separate "FFE ADDRESS" lor

maintenance foe notifications.

CURRENT CORRESPONDIERCLE AR IRESS rNote: Use Block | Torany cange of addiess)

Nole: A verlificate of mwiling can oply be wsed for domestic mailings of lhe
Fee(s) Tramsmiltal. This cerlilicate cannol be used Lor any other accompanying
{;ﬁpCl‘S. Liach additional paper, such as an assighment or formal drawing, must
have ils own cerlificate of mailing or lransmission.

Certificate of Mailing or Transmission

A o LS JE0IS I hereby certify that this Tee(s) Transmitral is being deposlted with the United
STOUT, UXA & BUYAN LLLP Slales |’(‘)lsl.'.l| S;rvi\t;i vlrilsh 3 I}}cienl }_'Jnﬁ:tge‘mf firsL class mail in an envelope
; . addressed ro the Mail Stop ISSUL L1 addeess above. or being facsimile
4 VENTURE, SUITE 300 ransmilted to the TISPTO (571 273-2885, an the date indicaled helow.
IRVINE, CA9261&
iDepusitor’s Timus )
Signatmrei
(D’
I APPLICATION NO. I FILING DA'TE FIRSYT NAMED INVENTOR ATTORNEY DOCKEL NO, l CONFIRMATION NO. I
144481754 09952014 John "I Sorcasen NEOMI-019A3-US-(G2 9581
TITLE OF INVENTION: METHOL FOR FORMING AN OPENING IN THE TRABECULAR MESHWORK OF THE EYE OF A PATIENT
I APPLN TYDPL LNTIIY STATUS | ISSUL L Iz l TURLICALION 170: DL | PREV. PAID ISSUL L | TOTAL V1S DL I DATL DL |
nonprovisional SMALL $480 §i) S0 S480 08/1972015
I LXAMINLR | ARY UNIT CLASS-SUBCLASS |
WIISBERG, AMY REGINA 3734 606- 167000

I. Change ol conespondence address or indication ol "Fee Address” (37
CI'R 1.363).

a Change of correspondence address {or Change of Correspondence
Addeess form PTO/SBY122) artached.

[ "Fee Address™ indication for "Fee Address” Indication (orm
PIOMIAT, Rev 13-02 or more recent) attached. ke of a Cistomer
Number s required.

2. For printing on the palent front page, list

(1) The names of up to 3 registered patent attorneys 1
or agenls OR, allermatively.

(2) The name of a single firm (having as a member a
regislered attorney or agent) and the names o up Lo
2 registered patent attorneys or agents. If po nameis 3
lisled, no name will be printed. :

2 ASSIGNEL KAMICAND RESIDENCH DATA TO BE PRINTID ON 'TTHE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee dala will appear on the palent, I an assigmee is identified below, the document has been liled [or
recordation as set forth in 37 CIR 3.11. Completion of this form is NO'T a substiute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categorics (will not be printed on the patent) : [ tndividual [ Corporation or ather private group cntity O Government

da. The Tollowing lee(s) are submilled: 4h. Payment of Feefs): (Please livst reapply any previously paid issuse lee shown above)
[ Fssue Tec (1 A cheek is cnclosed.

[ Publication Fee (No small catil y discount permilicd)
[ Advance Ocder - # of Copics

J Paymenl by eredit card, Form PTO-2028 i attuched.,

[ The direcior is hereby authorized (o charge the required fees), any deliciency, or credils any
overpayment, to Deposit Account Number {enclose an extra copy of this form).

5. Change in Entity Status (from stalus indicated above)
a Applicant certifying micro entity status. See 37 CI'R 1.29

(W] Applicant asserting small entity status. See 37 CHR 1.27

d Applicant changing to regular undiscounted feoe status.

NOTL: Absenc a valid certitication of Micro lintity Status (see forms PIC/SI/15A and 1513), issue
fee payment in the micro wtity amount will nol be accepled al Lhe risk of application abaslowmient.
NOTLE If the application was previously under micro entity status, checking this box will be taken
ler be a nolification of loss of catitlement to micre cntify stalus.

NOTL; Checking this box will be taken to be a notification of loss of entitlement to small or micro
eniily stalus, as applivable.

NO'IE: This form must be signed in accordance with 37 CFR 1.3] and 1.33. See 37 CFR 1.4 for signature cequire ments and certifications.

Authorized Signalure

Dale

Typed or printed name

Registration Mo

PIOL-85 Part 13 (10-13) Approved for use through 10/31/2013.
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DATE MAILED: 0571972015

Determination of Patent Term Adjustment under 35 U.S.C. 15 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h){(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximatcly three weeks prior to the issuc date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.703.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issve and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200,
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA)Y ol 1995 requires FFederal agencies 1o obtain Office of Management and
Bucdget approval hefore requesting most types of information from the public. When OMB approves an agency
request to collect informarion from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (i) requires the
agency 1o inform the public about the OMB Control Number's legal signilicance in accordance with 5 CTR
1320.5(h).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The informalien is required (o obtain
or retain a benefit by the public which is to file (and by the USI"T'O to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CI'R 1.14. This collection is estimated 1o take 12 minuics 10 complele,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
andfor suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Oftice, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLICTLED FORMS 1O TIHIES ADDRISS. SEND 1T0O: Commissioucr for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persens are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L, 93-57Y) rcquircs that you be given cerlain information in connection with your
submission of (he attached form relaed o a patent application or patent. Accordingly, pursuant to (he
requircments of the Act. please he advised that: (1) the genceral authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the informalion is used by the 11.S. Patent and ‘I'rademark OlTice is 1o process and/or examine your submission
related w a patent application or patent. If you do not furnish the requested information, the 1.8, Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine nscs:

1. The information on this lorm will be treated conlidentially o the extent allowed under the reedom of
Information Act (5 T7.8.0C. 552) and the Privacy Act (5 11.5.C 552a). Records [rom (his system ol records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. Arccord [rom this system of records may be disclosed, as a routine uvsc, in the course of presenting evidence
10 a court, magistrate, or administrative tnibunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A rceord iu this system of records tuay be disclosed, as a routine use, o a Member of Congress subnniuing a
request involving an individual, to whom the record pertains, when the individual has requested assistance
[rom the Member with respecet 1o the subjeet matter ol the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need tor thie information in order o perfor a contracl. Reeipicuts ol information shall be required
comply with the requirements of the Privacy Act of 1974, as amended. pursuant o 5 171.5.C. 552a(m).

5. A record related (o an International Application liled under the Patent Cooperation Treaty in (his system of
records may be disclosed, as a routine use, to the International Burean of the World Intellectual Property
Organivation, pursuant 1o the Patent Cooperation Treaty.

6. A record in (his sysiem of records may be disclosed, as a routine use, 1o another [ederal agency lor purposes
of National Sceurity review (35 17.8.C. 181) and lor review pursuant. to the Atemic Energy Act (42 U.S.C.
218(c)).

7. A rccord [rom this system of records may be disclosed, as a routine use, 1o the Administrator, General
Services, or his/her designee, during an inspection of records conducted by (GSA as part of thal agency's
responsibility to recommend improvements in records management. praclices and programs, under authority
of 44 US.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing mspection of records lor this purposc, and any other relevant (i.c., GSA or Commeree} direclive.
Such disclosure shall not be used 1o make determinations about individuals.

8. A rccord [rom this system of records may be disclosed, as a routine use, (o the public aller cither publication
of the application pursnant to 35 US.C. 122(b) or issuance of a patent pursnant to 35 US.C. 151. burther, a
record may be discloscd, subject o the limitations of 37 CI'R .14, as a routine usc, 0 the public il the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is rclerenced by cither a published application, an application open o public
inspection or an issued patent.

9. A record from this system of records may he disclosed, as a routine nse, to a ederal, State, or local law
enforcement agency, if the USI"I'O becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
1 = . 14/481,754 SORENSEN ET AL.
Examiner-initiated Interview Summary _ _
Examiner Art Unit
AMY R. WEISBERG 3734

All participants (applicant, applicant’s representative, PTO personnel):

(1) AMY B. WEISBERG. {3) .
(2) Hobert Buyen. {4) .

Date of Interview: 14 May 2015.

Type: Telephonic  [] Video Conference
[0 Personal [copy given to: [J applicant ] applicant's representative]

Exhibit shown or demonstration conductad: [ Yes B No.
If Yes, brief description:

Issues Discussed [J101 [J112 [J102 [J103 XCthers

{Lior cach of the checked boxices) above, plzase describe below the issue and detailed description of the discussion)
Claim(s) discussed: afl.
Identification of prior art discussed: n/a

Substance of Intarview
{liar cach issue discussed, provide a detailed description and indicate if agroe ment was reached. Some topics may include: identification or clarification of a
reference or a portion thereol, claim inlerprelation, proposed amendments, arguments of any applied references ele...)

Examiner suggested claim amendmenis fo expedite prosecution.

Applicant recordation instructions: lis not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation ot
the substance of an imterview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or cutcome of the interview, i include an indication as to whether or not agreement was reached on the issues raised.

X Attachment

JAMY R WEISBERG/
Examiner, Art Unit 3734

U.S. Patent and Trademark Cffice
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20150514
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Application No. Applicant{s)
14/481,754 SORENSEN ET AL.
o 2 Iowab"’it Examiner Art Unit AlA (First Inventor to
Notice of Al 4 AMY R. WEISBERG 3734 FllgyState
No

— The MAILING DATE of this communication appears on the cover sheet with the correspondence address—
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal frem issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is respansive to the amendment filed 5/8/15.
[ A declaration(syaffidavit(s) under 37 CFR 1.130(b} was/were filed on :

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on : the restriction
requirement and election have been incorporated inte this action.

3. B4 The allowed claim(s) is/are 1-10. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
mitpsdwewie Usote. aovipatentsinit_events/pphiindsx.jsp or send an inquiry to F [€.G

4. [ Acknowledgment is made of a claim for foreign priority under 35 U.5.C. § 119(a)-(d) or (f).
Certified copies:

ay[J Al by[dSome *cj [] None of the:
1. [] Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. ____
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

international Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _____

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5.[] CORRECTED DRAWINGS ( as “replacement shests") must be submitted.

[J including changes required by the attached Examiners Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84{c)) should be writien on the drawings in the front (not the back) of
each sheet. Replacement sheei{s) should be labeled as such in the header according 1o 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachmenl(s)

1. I Notice of References Cited (PTO-892) 5. 4 Examiner's Amendment/Comment

2. i Information Disclosure Statements (PTO/SB/08), 8. X Examiner's Statement of Reasons for Allowance
Paper No./Mail Date :

3. [ Examiner's Comment Regarding Requirement for Deposit 7. Xl Cther (nierview supplemental amendment.

of Biological Material
4. 4 Interview Summary (PTO-413),
Paper No./Mail Date .

/AMY R WEISBERG/
Examiner, Art Unit 3734

U.S. Patert and Trademark Office
PTOL-37 {Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150514
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Application/Control Number: 14/481,754 Page 2
Art Unit: 3734

DETAILED ACTION

The present application is being examined under the pre-AlA first to invent provisions.

EXAMINER'S AMENDMENT
h An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
Authorization for this examiner’s amendment was given in a telephone interview
with Robert Buyen on 5/14/15.

The application has been amended as follows:

In the specification (replace [0001] with the following:

[0001] This application is a division of copending United States Patent

Application No. 131159,356 filed June 13, 2011 currently abandoned which is a division

of United States Patent Application Serial No. 10/560,267 filed May 11,2006 and issued
as United States Patent NO. 7,959,641 on June 14, 2011, which is a 35 U.S.C. §371
national stage of PCT International Patent Application No. PCT/US2004/018488 filed
June 10, 2004, which claims priority to United States Provisicnal Patent Application No.
60/477,258 timed on June 10, 2003, the entire disclosure of each such prior patent and

application being expressly incorporated herein by reference.
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In the claims (replace with the following):

. (Currently Amended) An @b interno method for forming an opening in the—trabecular

meshwork of a patient's eye, said methed comprising the steps of:

obtaining a dual blade device which comprises a) an elongate proximal portion sized to
be grasped by a hand of a human operator and b) an elongate probe extending from the proximal
portion, wherein the elongate probe comprises i) a shaft, i) a distal protruding tip that extends a¢

an-angle-from a distal end of the shaft to form a bend or curve having an angle of at least 30

degrees. said distal protruding tip being sized to be inserted in Schlemm's Canal and iii) first and

second cutting edges located at a junction of the shaft and the distal protruding tip, said first and
second cutting edges being formed at spaced-apart locations on the distal end of the shaft, said

first and second cutting edges being separated by a distance D;
forming an opening into an anterior chamber of the eye:
inserting the elongate probe through the opening and into the anterior chamber;

advancing the elongate probe through the anterior chamber, while the anterior chamber is
filled with fluid, to an operative position where the distal protruding tip is positioned within
Schlemm's Canal and the first and second cutting edges are contacting the trabecular meshwork;

and, thereafter

causing the distal protruding tip to advance through a sector of Schlemm's Canal with the
first and second cutting edges concurrently cutting, from the trabecular meshwork, a strip of
tissue having approximate width W, said approximate width W being approximately equal to the

distance D between the first and second cutting edges.
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[

(Original) A method according to claim 1 further comprising the step of infusing fluid into
the anterior chamber under controlled pressure to keep the anterior chamber filled with fluid

during performance of the method.

3. (Previously Presented) A method according to claim 1 wherein the strip of tissue cut from the

trabecular meshwork has a length of about 2 to 10 millimeters.
4. (Previously Presented) A method according to claim 1 further comprising the step of:
removing the strip of tissue [rom the subjeet’s palicnl’s eye.

5. (Previously Presented) A method according to claim 4 wherein, after the first and second
cutting edges have cut the strip of tissue from the trabecular meshwork, the strip of tissue
remains connected to the trabecular meshwork and wherein the method further comprises the

step of:
disconnecting the strip of tissue such that it may be removed [rom the eye.

6. (Previously Presented) A method according to claim 5 wherein the disconnecting step
comprises using a tissue severing apparatus to transect or sever the strip of tissue so as to

disconnect it from the patient’s body.

7. (Previously Presented) A method according to claim | wherein the step of forming an
opening into the anterior chamber of the eye comprises forming an incision through a cornea

of the eye.

8. (Previously Presented) A method according to claim | wherein the method is performed

under direct visualization through a lens device positioned on an anterior aspect of the eye.

9. {(Currently Amended) A method according to claim 1 wherein the angle is less than distal

approximately 90 degrees.
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10. (Currently Amended) A method according to claim 9 wherein the distal-protruding—tip
extendstrom-the-shatt-atan angle is ef approximately 90 degrees.

2. The following is an examiner's statement of reasons for allowance:

The present invention pertains to an ab interno method for forming an opening in
the trabecular meshwork of a patient's eye, said method comprising the steps of
obtaining a dual blade device comprising a shaft and a distal protruding tip that extends
from a distal end of the shaft to form a bend or curve having an angle of at least 30
degrees, said distal protruding tip being sized to be inserted in Schlemm’s Canal and
first and second cutting edges located at a junction of the shaft and the distal protruding
tip, said first and second cutting edges being formed at spaced-apart locations on the
distal end of the shaft, said first and second cutting edges being separated by a
distance D; forming an opening into an anterior chamber of the eye; inserting the device
through the opening and into the anterior chamber; and advancing the device into the
Schlemm's Canal with the first and second cutting edges concurrently cutting a strip of
tissue having an approximate width equal to the distance between the first and second
cutting blades.

The closest prior art includes Lee USP 4,900,300 which teaches a method of
excising a piece of tissue from the anterior chamber angle (trabecular meshwork and
the inner wall of Schlemm's Canal) utilizing a device with a U-shaped cutting edge (14)
which has dual blades corresponding to the U-shape. However Lee fails to teach a

device comprisihg a shaft and a distal protruding tip that extends from a distal end of the
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shaft to form a bend or curve having an angle of at least 30 degrees. It would not have
been obvious to one having ordinary skill in the art at the time the invention was made
to modify the method of Lee to include using a device with a shaft and a distal
protruding tip that extends from a distal end of the shaft to form a bend or curve having

an angle of at least 30 degrees.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
Conclusion

Any inquiry concerning this communication ¢r earlier communications from the
examiner should be directed to Examiner Amy Weisberg whose telephone number is
(571)270-5500. The examiner can normally be reached on 7:00-5:30pm M-Th.

If attempts to reach the examiner by telephone are unsuccessful, please contfact
the examiner’s supervisor, SPE Darwin Erezo, at (571)272-4695. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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If there are any inquiries that are_not being addressed by first conlacting
the Examiner or the Supervisor, you may send an email inquiry to
TCY700_Workgroup_1D_inquiries@uspio.gov.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Amy Weisberg
Patent Examiner
/Amy Weisberg/

AU 3734
5/14/15
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DUAL BLADE OPTITITAI-MOT.OGIC
SURGERY DEVICE

RITATTT APPLICATIONS

This application is 4 continuation ol 11.8. patem applica-
tion Ser. No, 14/789,632 [filed Jul. 1, 2015 and issued as U.S,
Pat. No. 9,358,155 issued on Jun. 7, 2016, which is a
continuation of 118, patent application Scr. No. 14/481,754
illed Sep. 9. 2014 and issued as U.8. Pai. No. 9,107,729 on
Aug. 18, 2015, which is a division of U.S. patent application
Ser. No, 13/150,356 [iled Jun. 13, 2011 and now sbandoencd,
which is a division of TL.8. pawent application Scr. No.
10/500,267 {iled May 11, 2006 and issucd as U.S. Pal. No.
7.959.641 on Jun. 14. 2011, which is a 35 11.8.C. §371
national stage of PC'T International Patent Application No.
PCT/US2004018488 diled Jun. 10, 2004, which claims
priority 1o 1.5, Provisional Patent Application No. 60477,
258 filed on um. 10, 2003, the entire disclosure ol cach such

prior patent and application being expressly imcorporated 2

herein by relerence.
BACKGROUND OIF T1IL INVENTION

There are numerous medical and surgical procedures in
which il is desirable 10 cul and remove a strip of lissue of
controlled width from the body of a human or veterinary
patienl. For example, it may sometimes be desirable to lorm
an inclsion of a controlled width (e.g., an incision that is

wider than an incision made by & typical scalpel or culling s

blade) in the skin. mucous membrane. tumor, organ or other
tissue or a human or animal. Alsro, it may sometimes
desirable 0 ramove a sirip or quantity ol tissue rom the
body of a human or animal for usc as a biopsy specimoen, for

chemical/biological analysis, lor retention or archival ol 33

DNA identification purposes. cte. Also, some surgical pro-
cedures require removal of a strip ot tissue of'a known width
[rom an analomical Jocation within the body ol a patient
QOne surpical procedure wherein a strip of tissue ot a
known width is removed [rom an analomical location within
the body of'a patient is an ophthalmological procedure used
10 treat glaucoma. This ophthalmoelogical procedure is some-
times referred 10 as a gonicctomy. Tn a gonicctomy proce-
dure. a device that is operative to cut or ablate a steip of
tissuc of approximatcly 2-10 mm in length and about 50-200
pu in width is inserted into the anterior chamber of the eye
and vsed 10 remove a [ull thickness strip of Gissue from the
trabecular meshwork. The trabecular meshwork is a loosly
organized, porous network ol Lissue that overlics a collecling
canal known as Schlemm’s canal. A thaid, known as aqueous
humor. is eontinually produced in the anterior chamber of
the eye. In normal individuals. aqueous humor flows through
the trabecular meshwork, into Shlemnm’s Canal and out of
the eye through a series of ducts. Tn paticnts who suller Irom

glancoma. the drainage of aqueous humor from the eye may

be impaired by clevated Oow resistance through the trabe-
cular meshwork, thereby resulting in an inerease in intrace-
cular pressure, The goniectomy procedure can restore nor-
mal drainage of aqueous humor trom the cye by removing
a full thickness segment of the trabecular meshwork. thus
allowing the agucous humor o drain (hrough the open arca
from which the strip of twrabecular meshwork has been
removed. The gonicclomy procedure and certain prior art
wstruments useable 1 perform such procedure are described
in U.S. pulent upplication Ser. No. 10/4052,473 published as
No. 2002/011608A1 (Baerveldt). the entirety of which is
expressly incorporated herein by reference.

ta

3
o

)
(=1

A

45

30

wn
]

is(1

b3

At present there remaing a need in the an [or the devel-
opment of simple, inexpensive and sccurale mstruments
uscable o perform the gonicctomy procedure as well as

other procedures where it is desired o remove a strip of

lissuce from o larger mass ol tissue,
SUMMARY Ol 11ILE INVENTION

The present invention provides a deviee for cutting a strip
of tissve ol approximate widh W from a mass o tissue, The
device generally comprises &) an clongale culling wbe that
has a disial end and g lumen that opens (hrough an opening
in the distal end and b) lirst and sceond culting edges formed
on gencrally opposite edpes of the distal end of the cutting
tube and scparated by a distance 12, The culting tube s
advancecable through tissuc such that the first and sccond
culling edges will cut a strip ol tissue having approximate
width W, wherein the approximate width W is approxi-
maiely equal to the distance 1Y beiween the first and seeend
culling cdges. Tn some embodiments, the strip of tissuc may
he aspirated or otherwise remaoved through the lumen of'the
cutter lube. Tn some embodiments, the device may include
apparatus uscable to sever {c.g.. transversely cut or transcct)
the strip of tissuc when the strip of Gissue has reached a

> desired length.

Further in accordance with the invention there is provided
amethod for culling a strip o) tissuc o widih W from a Gssue
mass. This method generally comprises the steps of a)
providing a device that comprises 1) an clongale cultimg tube
that has a distal end and a hunen that opens through an
opening in the distal end and i) lirst and sccond culling
edges formed on generally epposite edges of the distal end
of the cutting tube and separated by a distance T thar is
approximately cqual 10 the width W ol the strip of Lissuc ©
be cut; and b) advancing the distal end of the cutting tube
through the mass of tissue such that the first and scoond
cutting cdges cut a strip of tssuc of approximate width W,
J‘urther aspeets and elements ol the imvention will be under-
stoad by those of skill in the art upon reading the detailod
description of specific examples set forth herebelow.

BRIEF DESCRIPTION OF THF. DRAWINGS

FIG. 1 is a perspective view of a system incorporating a
needle culting device of the present invention.

FIG. 2 is an enlarged perspective view of section 2 of FICi.
1.

FIGS. 3A-3D show various steps i a method for manu-
facmring a needle entter of the present invention.

TIG. 4 s a side view of a distal portion of a needle cutter
device of the present invention being used 1o cur a strip of’
tissue of approximatce width W.

FIG. 5 is a pempective view of the distal portion of a
needle cuter device of the present invention incorporating
apparatas for scvering a strip of tissue cut by the needle
cutter device after the strip of tissve has reached a desired
length.

FIG. 6 15 a side view of the distal portion of another
cembodiment ol a needle culter device of the present inven-
tion having a plurality of curves or bends formed in the
culling 1ube.

DETATLED DESCRIPTION

The [llowing, deluiked desvriplivn, and the Jrwings
which it refers, are provided for the purpose of deseribing
and illustrating, certain preferred embodiments or examples

IPR2020-01573
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of the invention only, and no aucmpt has been made 10
exhaustively deseribe all possible embodiment s or examples
ol the mvention. Thus, the following detailed deseriplion
and the accompanying drawings shall not be construcd to
limit, in any way, the scope ol the claims reciled in Lhis
patent application and any patent(s) issuing thercfrom.

One example ol a needle cubler device 10 of the present
invention is shown in TTGS. 14, This needle cutter device
10 generally comprises an clengale culling lube 14 that has
a distal end and a Jumen 27 that opens through an epening,
in the distal end. First and sccond cutting, edges 20, 22 arc
lormed on generally opposile edges of the distal end ol the
cutting tube 14. Thesc first and socond cutting, odges 20, 22
are separated by a distance D, as shown in the distal end
view of TIG. 313, In the particular example shown in the
drawings, the first and sccond culing edges 20, 22 arc
located on opposite lateral sides of the distal end of the
cutting tube 14 and a blunt, protruding tip 24 is lecated on
the bottom ol the distal end of the culling tube. Also, a blunl
cdge 26 is located at the top ot the distal end of the cutting
tube 14, Thus, enly the lateral culling edges 20, 22 are sharp
and intended to cut tissue. The blunt. protruding, tip 24 can,
in some applications, be conligured and uvsed 10 [ecilitale
insertion ol the device 10 w its inended location andfor the
blunt protruding tip 24 may be placed in an anatomical or
man made grove or channel (e.g., Schlemmr’s Canal ol the
cyc) such that it will then advance through the channel or
groove and guide the advancement and positioning ol the
remainder of the device 14

Onge or more bends or curves may optionally be formed in 3

the cutling be 14 0 Lacilitate s use Jor i intended
purpose. For example. in the embodiment of the device 10
shown in TTG. 2. a single bend 17 of approximately 90 is
formed necar the distal end of the cuming tube 14. Tn the
cmbodiment ol the device 108 shown in II(T 6, (wo separale
bends of approximately 90 degrees cach arc tormed at
spaced apart lacations on the cutting tube 14, thereby oiving,
the cutling lube 14 a generally 17 shaped conliguration. Tt
will be appreciated that any number of bends or curves, in
any dircction and ol any sceverily may be lormed in the
cutting tube 14 to facilitate its use in specific procedures or
10 enable it o bhe inseried through lorluous analomical
chanuels of the body. Tn most cases, the degree of curvature
in embodiments where a single hend or curve is formed will
be between approximately 30 and approximately 90 degroes
and in embodiments where more than one bend or curve are
formed in Lthe culting tube 14 cach such bend or curve will
typically he between approximarely 15 to approximately 90
degrees.

As shown in FIG. 4. when the cutting, tube 14 is advanced 5

thromgh tissne. distal end first, the first and secand entting,
cdges 20, 22 will cut a strip ST of tissuc having approximate
width W, such approximate width W being approximately
equal 10 the distance T between the (irst and second cutting

edges 20. 22. The severed strip ST of tissue will enter the 53

lumen 27 ol the culling tube 14 as the device advanees.
Negative pressure may be applicd to lumen 27 to aspirate the
strip ST of tissue andior fluid andfor other matter through
hamen 27.

The device 10 may optionally include a second lumen.
Such seeond lumen may be used [or infusion of fluid through
the device 10 or for other purposes. Tn the embodiment
shown in TIGS. | and 2, the device 10 comprises an ouler
tube 16 in addition to the cutting tube 14, The cutting tbe
14 is of smaller diameter than (Le vuter Wwhbe 16 and the
cutting mbe 14 may extend through the lamen 19 of the
outer tube 16 such that a distal portion of the cutting tube 14
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extends out of and beyond the distal end ol the outer wbe 16,
as may be seen in VG, 2. The distal end of (he outer tube 16
is 1apered and in close approximation with the outer surlace
of the curting tube 14. Fluid may be infused through the
Tumen 19 of the outer tube 16, through the space belween the
outer surface of the cutting tube 14 and the inner surface of
{he ouler tube 16, Iluid that is infused through the lumen 19
ol the outer whe 16 may [ow oul ol one or more aperures
11 formed near the distal end ol the outer 1ube.

In seme embodiments, the device 10 may be cquipped
with scvering apparatus for severing (c.g.. transverscly cut-
ting or transecting) the strip 81 ol tissue 10 lully excise or
detach the strip ST of tissuc from the remaining tissuc mass
and/or from (he body of @ human or animal subject. Such
severing apparatus may comprise any suitable type ol Gssuc
cutler such as a blade, seissor, guillotine, cdectrode(s). laser,
energy emitling tissue cutler, mechanical tissue cutler, ele.
FIG. 5 shows an example of an embodiment of the device
10¢ wherein monopolar or bipolar clectrode(s) 40 are
located on the distal end of the cutting tube 14, When it is
desired 1 sever the strip ST of tissue, the clectrode(s) isfare
encrgized with sufficient cnergy to sever the strip ST,
{hereby disconnecting the strip 81 [rom (he remaining tissuc
mass and/or the body of the human or animal subject.

In some embodiments of the device 14, the cutting edges
20, 22 may he healed such Lhat they will canterize as the cul.
As those of skill in the ant will appreciate, such heating, of
the culting edges 20, 22 may be accomplished by placement
of clectrode(s) near the cutting edges 20, 22 such that. when
the clectrode(s) isfare energived, the culling edges 20, 22
will become heated o a wemperature suitable for the desired
cauterization function.

The needle cutter device 10 of the present invention may
optionally be used as part of a system 12, as shown in FIG.

5 1. 'The basic components of the system 12 comprise an

aspiration punip module 74 and a source of irrigation fluid
72, mounted on a surgical roller cart 70. Control of the
console functions during procedures may be accomplished
by an aspiration foot pedal 78 which controls an aspiration
pump 74 and variation in the height of the source of inlusion
fluid 72 to change the pravity fed pressure or tlow rate of
influsion Huid through the device. A pinch valve, or other
mcans. may also be incarporated in the console to control
flow ot the irrigation finid to the needle cutter device 10. Tn

s embodiments that inchide apparamas (c.g.. clectrade(s)) for

heating the cutting edges 20, 22 and/or for severing the strip
ST of tissue (FIG. 5). the system 11 may additionally
colmprise an electrical current source, such as an electrosur-
gical generator 76 and clectrosurgical foot pedal 80 which
controls the electrosurgical pencrator to deliver desired
amonntk(s) of energy 10 the electmde(s) or other electrical
clements (c.g., resistance heater(s). cte. ) on the device 10, As
an option, all of the basie control fanctions of system 12 may
be integrated into a single foatpedal 10 facilitate use.

The device 10 may be provided as a pre-sterilized. single-
use dispesable probe or Lip that is attachable o a standard
surgical irrigation/aspiration handpicce such as that com-
mercially available as The Rhein /A Tip System trom Rhein
Mcdical. Tnc.. Tampa. Tla. After the dovice 10 has been
attached to the handpiece, it may be connected to any or all
ol the clecirosurgical gencrator module 76. aspiraion pump
module 74 and the source of irrigation fluid 72, as shown.
Thus. the device 10 may be fully cquipped lor irrigation,
aspiration. and electrosurgical capabilities, as described
berein.

FIGS. 3A-3D> show an example of a method for manu-
facturing the cutting tube 14 from standard tubing (e.2..
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stainless steel hypodermic tubing). Tnitially, the disial end of
a ke is cul lo form the lateral cutling edges 20, 22, the
protruding lip 24 and the blunt 1op cdge 26, Therealier, ifit
is desired 1o have one or more bends or curves in the cutting,
ube 14, angular cut out(s) 30 may be lormed in the tube 14,
as shown in FIG. 30. Thereaficr, the tube 14 is bent to bring
the edges of cach angular cul out 30 inlo apposition and
weld, adhesive or other joining wehniques are used o weld
or join the apposed edges of the cut ouls logether, (hercby
forming the desired bend(s) or curve(s) in the culling wbe
14. Tikewise. it it is desired to have onc or more bends or
curves in (he cutling {ube 14, the tube 14 may be direetly
bent to form said curves or bends without the use of angular
cul ouls(s) 30, Il may be approcisted that the use ol angular
cut-oul(s) 30 allow a wbe 10 ol a given diameler w0
Incorperale # curve or angle in a more compaci lorm than is
pussible by hending tubing 10 of a given diameter 10 said
curve or angle withour kinking or damaging tbe 10.

The device 10 and system 12 are uscable 10 perform a
variety of procedures wherein it is desired to form an
incisiom or opening of a desired width or 10 remove, [rom a
mass of tissue, a strip 8T of tissuc of a desired width.

One particular procedure that may be performed Lo dreat
glancoma. using the device 10 and system 12 ol the present
invention, is a goniectomy. As explained herein a goniec-
lomy procedure is an ab interno surgical procedure wherein
a scetor of the trabecunlar meshwork is removed from the eye
ol the patient 10 Jacilitate drainage ol aqueous humor from
the anterior chamber of the eye through Schlemm’s Canal
and the associaled collector chamnels, thereby relieving
clevaled intraocular pressure.

To perform a goniectomy procedure using the device 10,
first a small incision is made in the cornea at about 3 o’clock
in the left eye, or at about 9 o’clock in the right cye. A 1.5
mm shil knile may be used 0 make this incision.

The device 10 is attached 1o the source of irrigation fluid
72 (e.g., basic balanced salt solution) such that ireigation
fluid will low through lumen 19 of the outer tube 16 and out
of outflow aperture 11. The device 10 is then inserted
through the incision and into the anterior chamber ol the eye
(with irrigation flowing). In some cases, during, the insertion
of the device 10, the source of irrigation [luid 72 may
initially connected to the device such that the irrigation fluid
will flow thromgh the himen 27 of the entter tbe 14. Tn this
mannct. irrigation fluld will begin to infusc into the anterior
chamber of the eye as soon as the distal end of the eutter tube
14 has entered the anterior chamber. rather than being
delayed until the larger outer tube 16 and aperture 11 have
been advanced through the incision and into the anlerior

chamber. By this alternative approach. irrigation fluid may 5

he cansed to flaw ont of the distal end of the cutter tihe 14
as the device 10 is being inscried, therchy spreading or
opening the incision by hydraulic force while in addition
increasing the Nuid pressure in the anterior chamber. Such

spreading or opening of the incigion may facilitate advance- 33

ment of the larger diameler outer twbe 16 through the
incision. Pressurizing the fluid in the anterior chamber
causes the anterior chamber 1o deepen and may facilitate
mancuvering of device 10 within the anterier chamber. Tn
cases where this alternative approach 1s used, the source of
infusion [uid 72 may be disconnected from lumen 27 ol the
cutter tube 14 atter the device 10 has been inserted into the
anterior chamber and, thercalier. the infusion uid source 72
may be reconnected to lumen 19 of outer tube 16 such that
inlusion fluid will Juw vut of uperture 11, Negutive pressure
(e.g.. via aspiration pump modnle 74) may then be applied
10 lumen 27 of the cutrer ube 14 50 as to aspirate fivid and
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debris through lumen 27 as shown in F1G. 4. The vertical
heighl of the infusion Huid source 72 may be adjusted o
provide sullicient gravity feed of infusion foid 1o make up
for the volune of fluid or matter heing aspirated from the
anterior chamber through lumen 27, thereby maintaining the
desired pressure of fluid within the anterior chamber during
the procedure,

A lens device (c.z.. Ocular Swan-Tacob Auloclavable
Gonioprisim, Model OSJAG, Ocular Insirumenis Ine., Bel-
levue, Wash.) may be positioned on Lhe anterior aspect of the
cye to cnable the physician to clearly visualize the angle of
the cye where the segment ol trabecular meshwork is 1o be
removed. Under direct visualization. the device 10 is
advanced until the distal tip of the culler lube 14 is posi-
tioned adjacent 1o the rabecular meshwork at the location
where the strip 81 is w0 be removed. Lherealler, the pro-
truding tip 24 is advanced through the trabecular meshwork
and into Schlemm’s Canal.

The device 10 18 then advanced along Schlemm’s Canal,
thereby causing the cutting edges 20, 22 to cut a strip of the
trabecular meshwork, therehy crealing an opening through
which aqueons humor may drain from the anterior chamber
of the eye.

Aller a sirip of tissue ol the desired length (e.g., about
2-10 mm) has been cur by the lateral cutting edges 20. 22,
any optional lissue severing apparatus (c.g.. clectrode(S) 40
may be used (if present) to transcet or sever the strip ST of
tissuc thereby disconnecting 1t from the patient's body and
allowing it 10 be aspirated or drawn into or through lumen
27,

Therealler. the aspiration is stopped. the device 10 is
removed from the eyve. and the intusion is stopped.

TFollowing completion of the surgery, aqueous humor will
drain from the anterior chamber through the opening that
was created by removal of the sirip of tissue ltom the
trabeeular meshwork TM.

Although the invention has been described above with
respect o cerlain embodiments and examples, 1L is 0 be
appreciated that such embodiments and examples are non-
limiting and arce not purported 10 define all embodiments and
examples of the invention. Indeed. those of skill in the art
will recognive that various modifications may be made o the
above-described  cmbodiments  and  examples  without
departing trom the intended spirit and scope of the invention
and it is intended that all such medifications be included
within the scope of the following claims.

What is claimed is:

1. A method for cutting a strip of trabecular meshwork
tissue within an cye of a subjeet, said cye having an anlerior
chamber. trabocular meshwork fissue and a Schlemm’s
canal. said method comprising:

a) providing or obtaining a device which compriscs:

an elongate probe that extends along a longitudinal
axis:

a tip which extends laterally from an end of the probe,
said tip comprising a platferm which has a wp
surface, a bottom surface. a right side odge. a loft
side edge and a terminal end, the terminal end being
configured to penetrate through trabecular meshwork
tissne:

the tip having a transverse width from the right side
edge to the lett side edpe, said transverse width being
narrowest at the erminal end: and

first and second spaced-apart cutting, edges positioned
on the device so uy 10 cul tissue 1l passes ulong the
top surface of the tip and into contact with the cutting
edges;
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b) inserting the prebe into the amerior chamber of the eye;

¢) advancing the tip through trabecular meshwork lissue
and into the Schlemm®s Canal of the cye such that
trabecular meshwork lissue is in contaet with the lop
surface:

d) maoving, the probe 1o cause the tip to advance through
the Schlemm’s Canal such that lrabecular meshwork
tissuc moves along the top surface of the tip and into
contact with the Nrst and sccond spaced-apart culling
edges, thereby cutting a strip of the trabecular mesh-
work lissue,

2. A method according o claim I further comprising the

step of keeping the anterior chamber filled.

3. A method according 1o claim 2 wherein the device
further comprises an infusion lumen and wherein fluid is
inlused through the infusion lumen to keep the anterior
chamber (illed.

4. A method according (o ¢laim 3 wherein siep a com-
prises:

forming an incision in the eye:

causing [uid (o llow out ol the inlusion lumen and inlo the
ineision, therehy spreading or opening the ineision; and

therealier inseriing the probe through the incision and inwo
the anterior chamber of the cye.

5. A method according o claim 3 wherein the device
further comprises an aspiration lumen and the method
further comprises aspirating thuid through the aspiration
lumen.

tn
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6. A method according to claim 1 wherein the strip ol
rebecular meshwork tissue cul in slep d has a length of
aboul 2 v 10 millimelers.

7. Amethod according 1o claim 1 whercin. aller cutting of
(be strip of trabocular meshwork tissue in step d, the strip of
trabecular moshwork Uissue remains conneeled o the eye
ancdl wherein the method further comprises the step of
discomneeting the sirip of strip of trabecular meshwork
lissuc Irom the cye.

8. A merhod according to claim 7 whercin the step of
disconneeling the strip of wrabecular meshwork lissue from
the cye comprises using a lissuc disconnectling apparatus
disconnect the strip of rabecular meshwork tissue [rom the
eye.

9. A method according to claim 1 wherein the method is
performed under direet visualization through a lens deviee
positioned on an amterior aspect of the cye.

10. Amethod according 1o claim 1 wherein the Lp extends
Jaterally Jrom said end of the probe al an angle ol between
approximately 30 and approximately 90 degrees relative to
the longitudinal axis ol the probe and wherein step d
comprises moving the dismal end of the probe laterally such
that the tip advances through Schlemm’s Canal.

11. A mcthod according to ¢laim 1 whereln a cwrve is
lormed in the cdlongale probe proximal le the and of the
probe from which the tip laterally exiends.

=k Ed 2%
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DEVICES USEABRLE FOR TREATMENT OF
GLAUCOMA AND OTIIER SURGICAL
PROCEDURES

RELATLD APPLICATIONS

‘Ihis application is a division of copending U.S. paent
application Ser. No. 10/560,266 filed May 11, 2006, which
is a 35 T1.8.C. § 371 national stage of PCT International
Patent Application No. PCTUS2004:018483 T'iled Jun. 10,
2004, which claims pricrity to US. Provisional Patcat
Application No. 60/477258 filed Jun 10, 2003, the entire
disclosure of cach such application being expressly incor-
poraled herein by relerence.

BACKGROUND O 1111 INVENTION

A. Symproms and Ftiology of Glaucoma
The erm “glavcoma” refers gencrally o a group ol

discascs which causc progressive damage to the optic ncrve 2

and resultant optical {leld deleets, vision loss and, in some
cascs, blindness. Glaucoma is frequently. but not always,
accompanied by aboomally high intraccular pressure.
Aqueous humor is continually produced by cells of the
ciliary body and such aqueous humor fills the anterior
chamber of the eye. Tixcess aqueous humoer normally drains
from the anterior chamber of the cye. through a structure
known as the rabecular meshwork and then out ol the eye
through a scrics of drainage mbules. TTowever, In many
glavcoma patients, drainage ol the aqueous humor through
the trabecular meshwork is impaired, thereby causing the
pressure of aqueous humeor within the anterior chamber to
increase.

Tn general. there are four types of glaucoma-primary,

sccomdary, congenital and pigmentary. Primary  glaucoma,

which 15 the most common forin, can be classificd as cither
open angle or closed angle. Secondary alaucoma (eyg.,
neovascular glaucoma ) occurs as a complication of a variety
of other conditions, such as imjury, inflammation. vascular
discase and diabeles. Congenital glaucoma is clevated cye
pressure present at birth due to a developmental detiect in the
eye’s drainage mechanism. Pigmentary glaucoma is a rare
form of the discase wherein pigment from the iris clogs the
trabecnlar meshwork. preventing the drinage of agneoms
humor from the anterior chamber.

Glaueoma is a leading cause of blindness in the United
States. The loss of vision in glaucoma patienis is typically
progressive and may be due, at least in part. to compression
ol the vasculature of the retina and oplic nerve as a resull of

increased intraocular pressure. Tt is generally accepted that 5

rednecing intracenlar pressure, throngh the e of dmas
ancfor surgery, can significantly reduce glancomatous pro-
gression in patients who sufter from normal-tension plan-
coma and can virtwally hall glaucomatous progression in

patients who suffer from primary open-angle glaucona with 5

elevated intraocular pressures. Furthermore, it is generally
acknowledged that lowering intraocular pressure in glau-
coma patients can prevent or lessen the irreversible glan-
coma-associated destruction of optic nerve fibers and the
resultant irreversible vision loss.

B. Surgieal Treaiment ol Glaucoma

The surgical treatiment of glancoma is generally aimed at
cither a) decreasing the amount of’ aqueous humor produced
by the ciliary body or b) improving drainage of aqueous
Lwmor frown the anterdor cluanber ol the eve,

The procedures aimed at decreasing the production of
aquecus humor include cyclocryotherapy, wherein a cryo-
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surgical probe is used 10 freeze a portion ol the ciliary body,
thereby destroying cells thal produce agqueous humor, snd
laser cyclophotocoagulation, wherein a laser 13 used o
destroy part of the ciliary body resulting in decreased
productlien ol aqueous humer.

The procedures intended © improve drainage ol aqucous
humor from the anterior ¢humber include rabeculoplasty,
trabeculectomy, gonicctomy and shunt implantation.

In trabeeuloplasty. the surgcon uses a lascr to create small
heles through (he trabecular meshwork 10 increase aqueous
humor drainage through the normal drainage channels.

In trabeculectomy, the surgeon remeoeves a tiny picee of the
wall ol the eye, which may include a portion ol the trabe-
cular meshwork, thereby crealing a new drainage chennel
which bypasses the wrabecular meshwork and the normal
drainage channels. Aqueous humor then drains with relative
case through the new drainage channel inlo a reservoir
known as a “bleh™ that has been created underncath the
conjunetiva. Aqueous humor thal drains into the bleb is then
absorbed by the body. Trabeculectomy is oflen used in
patients who have been unsuccess[ully treated with rabe-
culoplasty or who suller [rom advanced glaucoma where
optic nerve damage is progressing and intrancular pressure
is significanily clevaled.

In gonicctomy. a tissuc cutting or ablating deviec is
inserted into the anterior chamber of the cye and used ©
removea full thickness strip of the tissue from the trabocular
meshwork overlying Schlemin’s canal. In many cases, a
strip of’aboul 2 mm o about 10 mm in length and about 50
wm to about 200 um in width is removed. This creates a
permanent opening in the trabecular meshwork through
which aqueeus humor may drain. The gonicetomy proce-
dure and cerlain prior art imstruments uscable 1o perlonm
such procedure are described in TILS. patent application Ser.
No. 10/052,473 published as No. 2002/011160841
(Bacrveldt), the entirety of which is expressly incorporated
herein by reference.

Tn shunt implantation procedures, a small drainage lube or
shunt is implanted in the eye such that aqueous humor may
drain lrom the anterior chamber, through the shunt and into
a surgically crearcd sub-conjunctival pocket or “bleb.”
Aguenus humor that draing into the hleb is then ahsorbed by
the patient’s hody.

Trabeculoplasty. trabeculectomy and shunt implantation
procedures are sometimes unsuccessful due (o scarring off
closure of the surgically created channels or holes andfor
clogging ol the drainage ube. Because 1L imvolves removal
ot a full thickness steip from the trabeeular meshwork. the
anniectomy pmcedure s less likely to fail due to scarring or
natural closure of the surgically created channel. Although
the previously described devices can be used to successfully
perform gonicetomy procedures, there remains a need in the
art for the development of new tissue cutting and ablation
instruments that may be used o perlorm the gonicclomy
procedure as well as other procedures where it is desired to
remove a strip of tissue from the body of a human or
veterinary patient.

SUMMARY OF TITE TNVYTENTION

The present invention provides a device [or cutting or
ablating tissue in a human or veterinary patient. This device
generally comprises. consists essentially ol orconsists ol a)
an elongate probe having a distal end. b) a tissue cutting or
abluting apparatus aud ¢} a prutector that exiends from the
probe. The protector senerally has a first side and a second
side and the tissue curting or ablating apparatus is locared
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adjacent to the firstside ofthe protecior. The distal end of the
probe having protector exlending therefrom, is structured 1o
be advanceable into lissue or otherwise placed and posi-
tioned within the paticnt’s body such that tissuc adjacent to
the lirst side of the proleclor is cul away or ablaled by the
tissue cutting or ablation apparatus while tissuc that is
adjacent 1o the seeonsd side of the prolector is nol substan-
lially damaged by the Llissue culling or ablating apparatus.

Additionally, the prolecior may be [enmed enlircly or
partially of an insulating material. For exaniple, the prowee-
tor may be tormed of a core made of an clectrically and/or
thermally conductive malerial, for example a conductive
metallic material, and may include a nen-conductive ceating,
or covering, for example a polymer coaling that is eleetri-
cally and thermally insulating. Tn some embodiments of the
invention, the electrically and (henmally insolating material,
hercinalter sometimes simply referred o as “coaling” may
comprise a tlexible, pliable material in comparison with the
more rigid core.

In some embodiments of the invention, the protector is
conligured not only 10 provide protection lo tissue located
adjacent to the sccond side of the protector, but also may be
conligured 10 [acilitale positioning and/or advancemen of
the device within the surgical siw. In this particular regard,
ahove-incorporated United States Patent Application No.
2002/01 T1608A1 (Bacrveldt) deseribes goniectomy devices
that have a toot plate sized and configured to be inserted
through the trabecular meshwork and into Schlemm's Canal
and to. thereaficr, advance through Schlemm’™s Canal as the
device is used 1o remove s porlion of the (rabecular mesh-
work. In embodiments of the present invention Lhat are used
10 remove portions of the trabecular meshwork (ie. tw
perform a gonicclomy precedure) the protector may be
configured, tor example shaped and sized. for insertion and

advancement through Schlenmm’s Canal in substantially the 33

samc manner as that described in the above-incorperated
United States Patent Application No. 2002/0111608A1
(Baerveldl).

Tt is to be appreciated that in embodiments of the device
ol the present invention that are designed and/or intended for
use in tissue cutting or ablating applications other than
gonicclomy procedures, the prolector may be ol any other
suitable configuration required to perform the desired pro-
tection and’or positioning/gnidance funetions.

The tissue cutting or ablating apparatus may comprisc any
suitable type of apparatus that is operative to cut or ablate
lissue, lor example a strip of tissue. Tor example. the cutting,
and ablating apparatus may comprise a electrosurgical or
radiolrequency Ussue culling or ablation apparaius (¢.g.,

monopaolar or bipolar configured clectrodes), apparatus (c.g., 5

a light guide and/or lens) that emits light energy to camse
thermal cutting, or ablation of tlssue (c.g.. pulsed or non-
pulsed optical incoherent high intensity light. pulsed or
non-pulsed laser light. light that is infrared. visible andfor

ultraviolet, ete.). mechanical tissue cutting or ablation appa- 53

ralus (c.g., knile blade(s). seissoris). rotating culter(s). ctc.),
ultrasonic cutting or ablation apparatus (c.g.. an ultmsound
Transmission member that extends through the device 10 a
location adjacent the first side of the protecter and undergocs
axial or radial ultrazonic vibration). or any other snitable
mechanism.

Optionally, the device may further include one or more
lumen(s) lor providing Huid infusion and/or aspiration 1o
andfor from the surzical site, for example from a remote
wfusion und/or wspiration source.

T some embodiments of the invention, the device is in the
form of an elongate probe that is attachable to a surgical
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handpicoe (or Jacilitaling manual manipulation of'the probe.
In some embodiments of the invention, the entire device is
struclured and intended lor one time use, and i other
embodiments of the invention, onc or maore components of
the device are autoclavable and reusable. For example, in
some embodiments of the invention, the device comprises a
disposable catheter probe having @ molded distal end includ-
ing the prowctor and/or the culling or ablaling apparatus
inteprally molded or formud in the diste] end of the catheter.
Tn other embodiments of the invention, the device includes
a clongate probe. made of one or more seginents of stainless
stec hypotubing, and including a proximal porlion that is
configured o be reccived within a conventional swrgical
handpicee, which may include various  funclionable
swilches. conduil ports, electrical comnections and Lhe like
lor enabling manual operation of the various [unctions of the
device to be described elsewhere herein.

For exanple, the present device may be configured and
structured 10 be couplable (o 1) a console, [or example, a
control console. or other scparate apparatus having for
example, bul not limited 10 an clectresurgical signal gen-
erator for transmitting energy needed to operate the tissue
culling or sblalion apparatus, for cxample an clectrosurgical
signal generator suitable [or providing clecirical energy o
the cutting or ablating apparats utilizing incoherent or laser
light cnergy, such as inlrared. visible, and/or ullravielel
wave cnergy, rotating shatt or other mechanical drive. cte.,
and/or 2) an aspiralion source, lor example comprising a
pumnp mechanism for aspirating fluid from the sargical site
through the eplional aspiration lumen (i present) ol the
device andfor 3) & source of [luid, for example an irrigation
source. for infusing or irrigating the surgical site through the
optional fluid infusion lumen (I present) ol the device.
Exanples of commercially available surgical consoles that
muy be suitable lor use with the present invention, lor
example. surgical consoles of which the present devices may
be attached or connected o, include but are not limited 10 the
Tnliniy? Accurus/Tegacy Systermns, available [rom Alcon,
Tne.. Fort Worth, Tex., the Millimium Systen, available from
the Bausch & Tomb Corporation. Rochester, N.Y., or the
Sovereign Systen. available from Advanced Medical
Oplics, Santa Ana, Calil,

TFurther 11 accordance with the invention, some cnmbodi-
ments of the device may he canstrneted 10 cit and remove
a strip or picces of tissue from the patient’s body and to
permit retrieval of that strip or pleces of tissue 1o prevent
them lrom causing umoward postsurgical ellects within the
body or for preservation. biopsy. chemical/biological analy-
sis or other purposes. In embodiments ol the device thal arce
equipped with the optional aspiration lamen. the aspiration
lmmen may he positioned sich that a strip or pieces of tissne
cut or severed by the tissuc cutring or ablation apparatus may
be withdrawn fiom the body through the aspiration lumen.

Still lurther in accordance with the invention, the width or
size of the tissue that is cut or ablated from the patient’s
body, as well as the degree 10 which adjacent tissues that
remain in the body are damaged by thermal energy or other
atfects of the cutting or ablation process, may be controlled
in some cmbodiments of the deviee by controlling the
amonnt of power or energy that is delivered to the tissue
culling or ablaiion apparatus. T this regard. in embodiments
where the tissue cutting or ablation apparatus is 2 monopolar
or bipolar clectrosurgical apparatus, there will be a high
power density zobe closest 1o the electrode(s) wherein
thenual cutting or ablution of Gssue will oceur, This high
power density zone may be surrounded by a mediun power
density zone wherein the thermal energy is great enough o
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also cul or ablawe tissue under some circumstances. The
voltage andior current supplied ko the clecirode(s) may be
adjusted to control the size and extent of the high power
density zone and/or the surrounding medium power density
vone, thereby praviding lor culling or ablation of a strip of
tissue of a desired size while avoiding significant or irrepa-
rable damage o tissue that Is to be protected (e.g., lissuc
locaied on the second side ol the proteclor) or other tissue at
the margins ol or in ¢lese proximity 1o the strip ol tissue thal
has heen cut or ablated.

Still further in accordance with the invention there are
provided methods lor perlorming medical or surgical pro-
cedures, including percutancous surgical procedurcs. using
the devices of the presenl invention, Vor exsmple, the
present invention provides method lor performing a genice-
lomy procedure, wherein the proteclor of the deviee, for
example the device of the present invention described clse-
where herein. is inserted through the trabecular meshwork
inte Schlemm’™s Canal, and Lhe lissue culling or ablaling
apparatus is cncrgized and the dovice is advanced in a
manner that results in culling or ablation of a portion of the
trabecular meshwork. Tn a general tissue cutting procedure,
the proteetor of the deviee is Inserled 1o a desired position,
the lissue culling or ablation device is cnergived and the
device is advanced, thereby causing a strip to he cut or
ablated from tissuc that becomes positioned on the first side
of the protector while no substantial damage oceurs to tissuc
located on the seeond side ol the protector.

Turther in accordance with the invention. same cmbodi-
menis of the device may be [abricated in part Irom (ubing,
such as siainless sieel hypotubing (referred 10 as “Lube-
fabricated™ embodiments. Tn such tube-tabricated embodi-
ments, the device generally comprises an outer tube and an
inner mhe, wherein the inner tube extends through the lumen
ol the ouler tube and a disal portion ol the inner lube
extends out of and beyond the distal end of the owter tube.
The protector is tormed on the distal end of the inner tube
and the tissue culling or ablalion apparatus may be [ormed
on and/or inserted through the inner mabe such thart it is
positioned at a location adjacent e the first side ol the
protector. Also, the lumens of the inner and/or outer tubes
may be used for infusion and/or aspiration of [Twid.

Siill further in accordance with the invention. there is
provided a method for manufacmiring the mbe-fabricated
cmbediments of the device. Such method generally com-
prises A) providing an inner tube and an outer tube and
inserting the inner wbe through the lumen of the outer wbe
such that a distal porticn of'the inner mbe extends out of and
beyond the distal end of the outer tube, ) lorming culs in

the distal portion of the inner wbe to form at least onc leg 5

thereon, C) hending a leg formed in Step B tn create a
protector having a first side and a sccond side and 1)
positioning the tissue cutting or ablation apparatus adjacent
10 the [irst side ol the prowecior. Opticnally, in some ecmbodi-

ments, the method may further comprise the step of E) 33

applying an imsulating material (c.g.. a polymer such as
polyimide) to the protector. Such insulating material may be
applied to the protector by any suitable method. such as by
single layer dip ceating, muliple layer dip coating. spray
coating, painting. electrostatic powder deposition, vapor
deposition, advancement ol a [abricaed msulating cover
over the protector. efc.

Still [urther in accordance with the invention, in manu-
facturing some tube-fabricated embodiments wherein the
lissue culting or wblalion upparalus corprises yu eleclusur-
gical apparatus, an electrode may be formed by additionally
cutting and bending a part of the distal portion of the inner
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twbe 1o form such clectrode. Tn this regard. Step B of the
above-summarized manulacluring method may comprise
cutling the distal portion of ihe inner tube 10 create first and
sccordd legs thereon and, therealier, Siep C ol the above-
summarized manufacturing method muy comprise 1) bend-
ing the first leg to ereate a protector having a first side and
a sccond side and 1) bending the second leg to create an
clectrode adjacent 1o the lirst side ol the protector. 1ectrical
encrgy may then be transmitted through the inner tube to the
clectrode lormed on its distal portion In cmbodiments
where the electrosurgical apparalus is monopelar, only one
clecirode need be formed adjacent 10 the frst side ol the
protector and an exposed or capacitively coupled grounding
clectrode may be attached to the paticnt’s body ncar the site
ol the surgery or elsewhere on the body. In embediments
where the clectrosurgical apparatus is bipelar. it will be
neeessary 1o locate a second electrode adjacent 10 the frst
side of the protector. Such second clectrede may be so
positioned by advancing an clecirical conduction member
that has an clectrude surface on its distal end {cg. an
insulated wire having the insulation removed from its distal
lip) threugh Lhe lumen of the inmer Lube 1o a position where
the clectrode surtace of the clectrical canduction member is
Tocated adjacent o the st side of the proteclor and a
desired distance from the ether electrede. The clectrical
conduction memberisecond clectrode may be secured in
place by adhesive. mechanical constraint or any other suit-
able affixation means. Tn tlis regard, aperture(s) may be
lormed in one or hoth of the leg(s) lormed in Step T3 and the
clectrically conduetive member may extend through such
aperture(s) such that the aperture(s) will localize, guide the
positioning of, hald. stabilize or affix the location of the
electrical conducting member/second electrode.

Furher aspects and clements of the invention will be
understood by those of skill in the art upon reading, the
detailed description of specific examples set {orth herche-
low.

BRIFF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view eof a system incorporating an
electrnanrgical goniectomy device of the present invention.

FIG. 2 is an enlarged perspective view ol seetion 2 o TG
1.

TIGS. 3A-3G are slep-by-siep showings ol an example of
a method for manutacturing, an electrosurgical goniectomy
device of the present imvention.

FIG. 4A is a cross section of a human cyc having
electrasurgical poniectomy device insertad thereinto.

TIG. 4T3 Is an enlarged view of'a portion of the human eye
showing the angle. Schlemm®s Canal and the trabecular
meshwork.

FIG. 4C is an enlarged view of a distal portion of the
device being used 1o remove trabecular meshwork tissuc
from an cye during a goniectomy procedure.

FIG. 5A 15 aperspective view of a distal portion of another
clectrosurgical gonicctomy device of the present invention.

FIG. 5B 13 a side view of the distal end of the electro-
surgical gonicelomy device ol FIGL A,

DETATLLD DESCRIPTION

Tuming now to TIG, L. a device in accordance with the
present invention for cutting and/or ablating tissve, for
example, tissue ol eye dunug a goniectomy procedure, is
shown penerally at 10. The device 10 generally comprises an
elongate handpiece or probe having a distal end having a
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lissue culling or ablaling apparatus 4 disposed generally
wilhin the dists] end or distal portion of the probe 3. The
lissuc cutling or ablaling apparalus 4 may bhe a suitable
mechanism designed 10 cul, ablale, caulerize, sever andfor
remove tissue from a largel region, for exsmple, rom a
surgical sile. The device T may bhe part ol a larger surgical
system T1. for example, the device 10 may be sttuctured and
adapied to be operatively comneclable 1o a separale appara-
tus, lor cxample a surgical control console 70 [or controlling
and powering, operation of varions functions of the device
during a surgical procedure. Lxamples of surgical consoles
thal may be suilble include bul are not limited 10 the
Infinity/ Accurus/T.egacy Systems. available from Aleon,
Inc., Porl Worth, Tex., the Millinium System, available fom
the Bausch & T.omb Corporation. Rechester. NUY.. or the
Sovcreign System, available from  Advanced Medical
Oplics, Santa Ana, Calil. -

A distal end of a tube-labricaied embodiment ol the
device 10 is shown in FIG. 2. This particular device 10 is
designed to be cspecially ellective lor culting/ablating and
semetimes removing tissue, for example portions of the
trabecular meshwork during a goniectomy procedure, Tt
should be appreciated thal although the [ollowing descrip-
tion will generally refer to this specific embodiment, the
scope of the present invention is ool intended (o be limiked
therehy. Tor example, the device 10 may be modiliod as
necessary and/or desirable to be effective for use in surgical
procedures other than gonicciomy procedures and such
modified devices are considered 10 be within the scope of the
present invention.

The wbe-lubricated device 10 generally comprises a
probe 3 comprising an ouler tube 12 and an imer wbe 14
disposed thersin and having a distal portion extending or
projecting therelrom.

As shown In FTG. 2. the inner tube 14 has a smaller outer
diameter than an inner diameter of the outer tube 12 such
thal when nner (ube 14 is positioned within the outer (ube
12. for example. substantially coaxial therewith. the outer
tbe 12 inner surtace is spaced apart from the inner tube 14
outer surlace as shown.

More specifically. the outer tube 12 defines a lunen 16
which may serve as an infusion himen, hereinatter sometime
referred wy as an irrigation lumen. Tor example. the outer
mbe 12 may include an irdpation or infusion port 26
disposed on the distal portiom ol the outer tube 12 as shown.
During a surgical procedure. irrigation fluid, such as a
balanced sall solution (BSS) may be passed through lumen

16 and out of port 26 and into the anterior chamber of ancye 5

as needed to maintain a desired intrancular pressure in the
cye.

The inner tube 14 penerally contains or defines the cutting,
or ablaling portion ol the device 10. as will be described in

greater detail elsewhere herein. The inner tube 14 also :

defines a lumen 19. preferably having a pont adjacent the
cutting or ablating apparatus, whercin the hunen 19 may
serve s an aspiration lumen during the surgical procedure.
Accordingly, an aspiration source may be connected to inner
mbe lumen 192 to allow cut tissue, excess tluid or other
maierial 10 be suctioned or removed from the surgical sile
during the procedure.

Tn embodiments ol the device that are designed for cutling
or ablating tissue during a goniectomy procedurs, the device
10 1s prelerubly sised und configured such 1hat the distal end
thereot can be placed within an eye, for example within the
apterior chamber of the eye, as far as and including the
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irrigation port 26. Tt is noted that irrigation port 26 may
allernatively be ulilized as an aspiration porl in some cir-
cumslances, i desirable.

Tt is further contemplated that in some instances it may be
helplul to utilize the aspiration lumen 19 as a lemporary or
even permanent irrigation lumen such that irrigation fhuid is
passed [rom the distal opening of the nner {ube 14, Ver
example. as lhe device 10 is initially being inserted into the
anterior chamber prior (o the culling or ablation ol tissue, it
may be helplul 1o pass irrigation fluid inlo the anterior
chamber of the cye through the inncr mbe 14 in onder to

IPR2020-01573

maintain ocular pressure and lacilitale lurther nsertion ol

the distal end of the rolatively wider outer tube 12 of the
device 10. Onee the distal end ol the outer wbe 12 is in place
in the anlerior chamber a sufliciently distance such that port
26 is located within (he anterior chamber, irrigation of the
cye may he moved (o the outer tube irrigation port 26. Tnitial
irrigation by means of the inner lumen 19 may also be
helpful in causing gentle widening of the insertion site so a5
to more casily allow inscrtion of the relatively wider outer
tube through ihe insertion site.

Preferably, all compenents of the device 10 are comprised
of surgical grade materials. In addition, with the exceplion
of the culting or ablating surlaces ol the deviee 10, exposed
surtaces of the distal end of the device are preferably formed
andfor trealed such that they include substantially no sharp
perticus. burrs or contaminants. For example. in the cmbodi-
ment shown in IlG. 2, the dista]l most portion ol the ouler
tube 12 is rounded or frustro-conical in shape, so as to
prevent ar reduce the occurrence of any substantial damage
o tissue upon inscrtion. operation and removal of the device
10 from the eve.

For devices of the invention designed [or gonicctomy
surgical procedures. the outer mube 12 may comprisc about
19 gauge to about 20 gauge stainless steel hypelubing, and
the innor mbe 14 may comprisc about 25 paupe stainless
steel hypombing. T addition. preferably tor such devices of
the invention. the praojecting distal portion of the inner wbe
14 has a length [. of between about 1 mm and about 4 mm,
and morce prelerably about 2.5 mm.

The cuming or ablating portion of the device 10 may
comprise #any suilable mechanism [or culting or ablating
tissuc. For cxample, in the specific cmbodiment shown in
FIG. 2. the amting or ablating apparatns comprises an
clectrosurgical tissuc cutting/ablating apparatus. More spe-
cifically, the device 10 includes a bipolar electrode mecha-
nism comprising a first pole or (irst clecirode 22 and a
second pole or secand electrode 21, Tn use, one of the first
and second electrodes 18 provided with clectrical energy and
to operate as an active clectrode and the other of the first and
second electrodes operates as a retirn electrode. When such
an clecwrode is powcered it generates a zone of high cnergy
in immediate proximity of the electrode, and a zone of
relatively lower encrgy euside of the zone ol high cnergy.
This zone of relatively lower energy is a 7zone of thermal
energy that is elfective in culting or ablating ocular tissuc,
for instance. particularly tissuc of the trabeeular meshwork.
The return electrode may be electrically couplable to the
paticnt’s body.

Tt ig contemplated that alternative embodiments of the
invention may include any other suitable mechanism or
apparatus that is operative to cut or ablate tissue. for
cexample 4 strip of tissue, such as a monopolar clectrode
mechanism, a radiofrequency tissve cutting or ablation
apparalus, apparalus (e.g., o light guide andior lens) that
emits light enerpy to canse thermal cutting or ablation of
lissue (e.g.. pulsed or non-pulsed optical incoherent high
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inlensity light, pulsed or non-pulsed laser light. light that is
inlrared, visible andior ullraviolet, cte.), mechanical tissoe
cutling or ablation apparatus (¢.g.. knife blade(s), scissor(s).
rotating, cutter(s). cte.), ultrasonic cutting or ablation appa-
ralus (¢.g., an ulirasound transmission member thal extends
through the device 10 a location adjacent the [irst side of the
proteclor and undergoes axial or radial ulirasonic vibration)
or others.

The device 10 further compriscs a protoctor 24 having a
lirst side located adjacent o the culling or ablaling appara-
s, and a scoond side located on a distal-most portion of the
device 10, The proloctor 24 is structured and designed 1o
preventing damage Lo lissue located near the tissue 1o be cul.
Por example, the protecior 24 is desipned 1o protect or
prevent any substantial damage (o surfaces of Schlemm’s
canal while the device 10 is being utilized to cut porticns of
the trabecular meshwork during a gonicelomy procedure.

More particularly, the device 1 may he structured such
thal the tissuc culling or ablating apparatus (e.g. the clec-
rode mochanism 20.22) is structured © cause thermal
culling or ablaling of Ussue and the prolector 24 is structured
10 isolawe or protect adjacent tissue located adjacent the
second side of the protector 24. For example. the protector
24 may be [onmed partially or crtrely of an insulating
matcrial. Alternatively or additionally. the protector 24 may
he lormed of medal and include a coaling 30 made of an
insulating material. such as a polymer. for cxample. a
polyimide material,

Tuming back now 10 FIG. 1. the cutling or ablating device

10 may be used as part of a surpical system 11. The system 3

11 may comprise or consisl ol a surgical control consele 70
inchuding a high frequencey clectrosurgical gencrator module
76 and an aspiration pumnp maodule 74, A source ol irmigation
fluid 72 may also be provided which preferably operates as

a gravity feed irrigation line. Control of the console 70 33

during surgical procedures may be accomplished by use off
an aspiration footpedal 78 which controls an aspiration
pump 74, and use of an clectrosurgical [oolpedal 80 which
controls the electrosurgical generator 76. One or both of the
lootpedals 78 and 80 may be pressure sensitive such that
opcerating power is controllable by the depth or distance at
which the footpedal is pressed or moved by the operatar.
Furthermore, loolpedals 78 and 80 may be combined inwo a
single fanetional unit. The cmting or ablation device 10 may
be provided as a pre-sierilized. single-use disposable probe
that is attachable to a standard surgical handpiece. After the
cutling and ablalion device has been attached o the hand-
picce, further connections to the clectrosurgical gencrator
madnle 76, the aspiration pump modnle 74 and the source of

irrigation fluid 72. may be implemented as shown. Thus. the 3

cutting, or ablation device 10 has irripation. aspiration, and
clectrosurgical capabilitics, as deseribed hercin.

A gurgical procedure using the device 10 of the present
invention may he performed as [ollows.

Method lor Periorming Gonicctomy

The device 10 and system 11 are useable 1w perform a
variety of procedures wherein it is desired to form an
incision or opening of a desired width or 1o remove, from a
mass ol lissue, a sirip of issuc of a desired widlh.

FIGS. 4A-4C. show an example of a poniectomy proce-
dure that may be perlormed o treat glaucoma, using the
device 10 and system 11 of the present invention, This
goniectomy procedure s an ab inlerno surgical procedure
wherein a sector of the trabecular meshworle TM is removed
from the eve of the patient w facilitate drainage of aqueons
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humor Irom the anterior chamber AC ol the cyc through
Shlemm’s Canal and the associaled collector channels CC,
thereby relieving clevated intraocular pressure.

First. a small incision IN i3 made in the cornea € at about
3 o’clock in (he lell eye, or al aboul 9 a’clock in the right
cye. A 1.5 mm slit knite may be used to make this incision
IN.

The device 10 is altached to the source of frrigation fluid
72 (c.g., balanced salt solution) such (hat irrigation Huid will
Now through lumen 16 ol the cuter tube 12 and ow of
outflow aperture 26. The deviee 10 1s then inserted through
the incision IN and into the anlerior chamber AC (with
irrigation tlowing). In some cascs. during the insertion of the
device 10, the source ol irrigation [uid 72 may milially
conmeeted (o the device such that the irvigation fluid will
How through the lomen 19 of the distal pertion of nner wbe
14. Tn this manner, irrigation fluid will begin w0 infuse into
the anterior chamber AC as soon as the distal tip of the
protruding distal portion of imner tube 14 has eniered the
antcrior chamber AC. rather than being delayed wntil the
Targer outer lube 12 and aperture 26 have been advanced
through the incision IN and into the anterior chamber. By
this altcrnaiive approach, irrigation fuid may be caused o
flow out of the incision TN as the device 10 is being inseried,
thereby spreading or opening the incision. Such spreading or
opening of the incision TN may [acilitale advancement ol the
larger diamcter outer tube 12 through the incision TN. Tn
cases whore this allemalive approach 1s used, the source ol
infusion tinid 72 will be discennected from lumen 19 after
the device has been nserted into the anterior chamber AC
and, therealler. the infusion (uid source 72 will be recon-
nected to lumen 16 of ourer tube 12 such that infusion fluid
will Mow out ol aperture 26. Negative pressure (e.g., via
aspiration pump module 74) may then be applicd o lumen
19 of the inner tube 14 so as (o aspirale fluid and debris
theough lumen 19. The vertical height of the infusion tleid
source 72 nay be adjusted 10 provide sufficient pravity teed
of imfusicn fluid 1o make up for the volume of [uid or matter
being aspirated from the anterior chamber AC throupgh
lumen 19. thereby maintaining the desired pressure of [uid
within the anterior chamber AT during the procedure.

A lens device (cg. Ocular Single Mirror Ganio, Model
QSMG, Ocular Instruments, Rellevoe, Wash.) may be pesi-
fioned on the anterior aspect of the eye to enable the
physician to clearly visnalize the angle A where the scgment
of trabecular meshwork TM is 10 be removed. Under such
visualization, the device 16 is advanced until the disial tip of
the cutter tube or inner ube 14 is positioned adjacent to the
trabecular meshwork TM at the localion where the sirip 1s (o
be removed. Thereatter, the protector s advanced through
the trabecnlar meshwork T™M and into Schlemm’s Canal 8C.

The tissuc cutting or ablation apparatus, such as bipolar
electrodes 21. 22 or 46, 47, is/are then energized and the
device 10 is advanced along Schlemm®s Canal. thereby
causing the cutting ar ablation apparatus, such as bipolar
electrodes 21 and 22, 1o cut or ablate a strip of Lhe trabecular
meshwork TM 1o create opening (3, as shown in FIG. 4C.

In the bipolar embodiments of the device 10 shown in
T1G. 2 or SA-A813. discharge of clectrosurgical enerpy via the
bipolar electrodes 21. 22 or 46, 47 will remove a full
thickness strip of tissue from the trabecular meshwork TM
without traumatizing the underlying walls of Schlemm’s
canal and/or the colleclor channels. as those struclures
remain protected from the electrosurgical enerpy by the
advancing prowector 24 or 52, The insuluted protecior 24 or
£2 gerves two pritmary purposes: 1) the size and shape of the
protector 24 or 52 allows its placement in Schlemm's Canal
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SC 10 lacililae guiding the device along Schlemm’s Canal
SC during the culling of the strip from the (rabecular
meshwork TM and 2) the protector 24 or 52 proteets and
shiclds the underlying walls of Schlemm’s Canal SC' and the
collector channels lrom trauma during clectrosurgical dis-
charge.

Afler a sirip of Ussue of the desired length (e.g., about 2
mm o about 10 mm) has been removed, the Gssue culling
or ablalion apparatus, such as bipolar ¢lecirodes 21, 22 or
46. 47, isfarce then de-energized, the aspiration and possibly
infusion are stopped and the device 10 is removed from the
eye.

Tollowing completion of the surgery. aqucous humor will
drain from the anlerior chomber AC tlrough the opening O
that was created by removal of the sirip of Ussue [rom the
trabecular meshwork TM.

The present invention [urther provides a method for
manufacturing, a device such as mbe-fabricated device 10
shown in T1G. 2.

A mothod in accordance with the present invention for
manulacluring the whe-labricaled device 10 generally com-
prises the steps of providing outer tube 12 and inner tube 14
made of suitable malerial, lor example hypolubing or oiber
malerial suitable [or use in ophihalmic surgery as described
elsewhere herein, and inserting the inner tube within the
lumen 16 of the outer lube 12 such that & distal portion of
inner tube 14 extends or projects a sufficiont distance beyond
a dislal end ol the outer tube 12, as shown,

The method turther compriscs the steps of forming at least
one leg on a distal portion of the inner tube 14, for exemple
by beveling the distal end of the inner wbe 14 and forming
cuts therein and bending, the at least one leg, to forin the
prolector 24.

FIGS. 3A-3G show the steps involved in manufacturing, the

device 10 shown in IG5, 2, in accordance with one embodi- 33

ment of the present invention.

Turning, now to FIGS. 3A and 3A", the step ot forming at
least one leg comprises culting the distal portion ol the inner
tbe 14, for example. having a beveled distal end of about
45 degrees, 1o form a [irst feg 24A and a seeond leg 22A. The
legs 22A and 24A may be formed by cutting substantially
U-shaped or Veshaped grooves or nolches 28 inlo the
beveled distal portion of the inner tube 14 in order to torm
relatively longer first leg 24 A and a relatively shorter second
leg 22A. Tn this embodiment. the second leg 22A Includes a
narrow distal tip region and a relatively wider tlared repion
proximal therelo.

The methad may further comprise providing the cutting or
ablating apparaws ol the device 10 adjacent the first side ol
the protector 24. More particularly, this step may comprisc
forming the electrade mechanism from a portion of the inner
mbe 14, for cxample, from the second leg 22A. Tor cxample,
mrning, now 1o FIG. 3B, the final position of the second leg
22A s pressed or bent radially imwardly as shown in TIG. 3B

such that the distal most tip of the second leg 224 is 5

appropriately positioned 10 form one pole ol the hipolar
cleetrode mechanism. Tn order to accommodate a sccond
pole of the bipolar electrode mechanisn, the method may
comprise forming an apermre 19 in the sccond leg 22A,
shown more clearly in FIG. 3B' and passing a wire or other
clectrically conductive member 20 (hereinafier “clectrode
member 207} therethrough. The aperture 19 is cut to a size
and conliguration such that it will accommodate the clee-
trode member 20 such as shown in FIG. 2.

Lhe step of bending the second leg 22ZA may be accom-
plished by using tweezers or other suitable tool for gripping
and bending the second leg 22A. The distal tip of the second
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leg 22A (which will form a pole of the clecrode) is
positioned such (hat 1 is substantially aligned with a central
axis ol the inner tube 14 in (he [Inal manufacturing process.

Nex, the protector 24 (shown in FIG. 2) may be formed
as follows. Sccond leg 22A is bent sliglnly radially oul-
wardly, as shown in FIGS. 3C and 3(". A lorming member,
for example a pin. wire or other preferably rigid cylindrical
member (shewn in dashed lines in 111GS, 3C and 3D) is then
placed between the first leg 24A and sccond leg 22A.

Referring now to FIGS. 313 and 310, the first log 24A is
pressed, benl or otherwise shaped, [or example by using
substantially constamt radial pressure, around the forming
member. to form the curved configuration of first leg 24A
shown in I'IG. 3D.

Protector 24. shown in TTGS. 3T and 3T may be formed
by insularing the bent first leg 24A with insulating, coating
30. This step may be accomplished using any suiable
means. lor example, by dip coaling. spray coaling, or
advancement of a fabricated cover over the first leg 24A.
‘The step ol insulating or providing insulation may comprise
dipping the first leg 224 ina polymer precursor, for example
a liquid pelyimide, and allowing the liguid pelyimide ke
cure. In some embodimems of the inventien. liquid poly-
imide is applied to both the inside, or first surface. and the
outside, or second surlace by using a sullable applicaior, lor
example. a tip of a small diameter wire. for example 0.006"
diameter wire dipped in a liguid polyimide. In any event,
carc is taken not to coat the distal tip of sccond leg 22A.

Tuming now lo FIGE, 317 and 317, the present invention
muay comprise the step of Torming (irst electrode 22, (here-
inafter sometimes referred to as first pole of bipolar slec-
trode} Irom distal portion of the inmer tube 14, This step may
bc accomplished by bending sccond lep 22A radially
inwardly, or in some circumstances, allowing sccond log
22A 10 rehownd or spring back to its preformed. inwardly
bent shape upon removal of the cylindrical forming member
(shown in dashed lines in FTIGS. 3C and 3D).

As shown. in this particular embodiment. upon being bent
inwardly. the distal tip ol the second leg 22A 13 positioned
such that it is spaced apart from and adjacent the first side
(imside surlace) ol the prolector 24 and is substantially
aligned with the contral axis of the inner tube 14. The distal
mast tip of the second leg 22A forms the first pole of the

s bipolar electrade cutting mechanism.

Next, electrode member 20 is inserted or passed through
aperture 19 s shown in T1G. 3G such tha a distal 1ip of the
electrode member 20 will form the second pele of the
bipolar clectrode. For examiple, the first pole and the sceend
pele of the bipolar clectrode are preferably spaced apart
fram each other a distance of ahont 40 mm. The electrodes
21 and 22 arc operated to create high temperature region
spanning/bridging the electrodes 21 and 22, for example by
{formation of a high energy plasma. More specifically, the
method of the invention may fturther include the step of
providing the clectrode member 20 by stripping or removing
a distal most portion of an insulated electrically conductive
wire in order to expose the conductive portion thereof which
will form the second pole or second clectrode 21 of the
bipolar electrode mechanism. In other words. the electrically
conductive member 20 may comprise an insulaed wire 20'
hawving insulation 23 stripped or removed from a distal tip
thercol as shown in FIG. 2 and TTG. 3G. 10 expose the
electrically conductive tip. Alternatively, the method may
comprise providing a now-insulated elecirically conductive
wire and applving insulation to a proximal portion of the
wire while leaving a distal most portion exposed. Such
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insulation may be applied in a liquid form. lor cxample, (he
insulation may be applied as liquid polyimide, which is then
cured.

Ouee the second electrode 21 is appropriatcly placed,
clectrically conductive member 20 is secured in place, for
example by sceuring the clectrically conductive member 20
to the inner twbe 14 for example. by adhesive or other
suitable means.

The bipolar electrode and the [irst side of the protector 24
arc spaccd apart trom cach other a distance suitable to
receive the (issue 1o be cul by the device 10. [ is noled that
preferably, in this embodiment of the invention, the distal-
most tip of the electrically conductive member 20 s some-
whal proximally located with respect (o the distal-most tip of

tn
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The invention has been deseribed herein with relerence w
cerlain examples and crobodiments only, No ellorl has been
mude to exhaustively describe all possible examples and
cmbodiments ol the mvention. Indeed, those of skill in the
art will appreciate that various additions, deletions. modili-
cations and other changes may be made to the above-
deseribed examples and embodiments, without departing
[rom the intendedd gpirit and scope ol the inveniion as rocited
in the fellowing claims. Tt is intended tha all such additions,
deletions, modifications #nd other changes be includexd
within the scope of the following claims.

What s claimed is:

1. A device that is insertable into the anterior chamber of
an cye and uscable lo form an opening in the trabecular
meshwork of that eye, said device comprising:

the second leg 22A in onder to [acilitie operation of the L Lllul_lgdll., Pr[tbl..’hklvmg a {ungxludlml axis and a distal
device, for example to substantially prevent or reduce the E’r“"_n_lh‘” Is insertable into the anterior chamber of
occurrence ol tissue becoming unintentionally trapped or € eye; . . . . i
wedged within the device, This foature of th invention is a protector member on a distal end ol the distal portion ¢f
shown most clearly in I'IG. 3¢5 2% {hli pliogf:, Sf.ld prc;t?:torlmem(l;elr he}lllgd}mlente{:l o f;

Turning now to TIG. 5A, an akernative distal end 40 of hd .r‘l ';Iu' "fld . "\'“‘ ‘:1 “é “S{gl i m"h"x’f’ bk
the tube-labricated embediment of the mvention is shown, ﬁa\-:n:g]a F’Thm - ? :«.:,con mhc anca W cr'cml;hc
including outer ube 42 and inner tube 44 tha are similar or phikom i .1_ ¢ pro n.:i,lur;l o v At
substantially identical to outer tube 12 and inner tube 14 Whlt‘"h Slopes u{:“d;‘ ¥ rom dlkln' “_f.dln A l!w
described hereinabove with respect to the device 10 shown ¢ RNIRCInr ASTahey =is), o) BN SEHCH Tapes Rt
in FIG. 2 e narrowest point at the tip: and

“This allernative distal end may operaie in substantially the a plumht} ot lfkll“f?. b'hdzq p?s&‘\rmned fRicht ns.s;;le fhiat
same fashion as the distal end of device 10 shown in T1G. 'lp‘l"!fu‘ ttlwu' i :: e Ilml;_'i"lm gu,m hu..l
2 llowever, the aliemative distal end is formed somewhat W l“l';c L Pr(?octorr rlllv.ml.:r I's '"Dl{‘ g,m}., hsucl s,
dillerently than the distal end shown in TIG. 2. Tor cxample, 4 aller an msertion of the distal portion ol the clongale
as seen in FIGS. SA and 5B. the protector member 54 has probe into an anterior chamber of an eye. the protector
ely B - . Lo . . - ~
first side 53, a second side 32 and a tip 35, The [irst side 33 merrlllber ;: mz;e.rt:lhlqe.lt;p ﬁrs’t, (l‘hrm:ghhth:' tmlbe“:iﬂa:'_
of the protector member 54 forms an incline 57 which slopes :?u’ “(;: ‘;m, m uth ol (itmm 5 "_m‘{ i lhc 'T" ‘l”n ¢ 1
upwardly (rom the tip 55. Also, the widith W ol the protector 1?8 I';f“ e the“;:g e er“mmem el 15 ihe bater:\
member 54 tapers to its namowest point at the tip 55. 35 Qection: EIeteby (.du:,mg, wop e MU o

The diferences may be more readily appreciated by advance through Schlemin’s C'anal such that trabocular
comparing the distal end shown in FIGL 53 with the distal pEs ol ASER O VEL iheinclineund a'slnp ,(fl
end shown in FIG. 3G. For example, it can be appreciated trabecular meshwork tissue becomes cut by said knite

§ g N AS N 1 N

that second leg 46 (FIG. 513) which may form a first pole or i “\"“ide?- s B A Wy el
. ) g i e e . A device according o ¢laim 1 wherein the knile blades
first electrode of the electrode mechanism. is not bent 4,

radially inwardly like socond leg 22 (F1G 3G). In addition
clectrically conductive member 45 may be positioned or
disposcd generally along a central axis ol the Inner tube 44
rather than outwardly therefrom such as clectrically conduc-
tive member 20. The electrically conduective member 45
includes second pole or sceond electrode 47 ol he eleairode
mechanizm.

As shown. clectrically conductive member 45 may be
held in place by means of bracket portions 49 formed from

portions of second leg 46, as shown. The bracket portions 49 5

arc preterably urilized for facilitating positioning of the
electrically conductive member 45 during assembly. Adhe-
sive and/or other means may be provided for seeuring the
electrically conductive member 45 in place,

As shown, outer tube 42 may deline an jrrigation lumen
in fluid communication with irrigation port 48. Tnner tube 44
may include aspiration/irrigation lnmen §0.

5
fal

are operative to cut a strip of tissue having a width trom 50
wm 1¢ 200 pm, from the trabecular meshwork.

3. A device according 1o claim 1 further comprising an
imgaton lumen.

4. A dovice according to claim 1 further comprising, an
aspiration humen.

5. A device according o claim 1 further comprising an
irtigation lumen and an aspiration hamen.

6. A device according 16 claim 1 whercin the second side
of the protector member is configured so as not 1o damage
tissues adjacent therelo as the protector member is advanced
through Schlermm’s Canal.

7. A device according to claim 1 wherein said knife hlades
arc located a spaced distance apart to cut a strip of tissue the
width of which is substantially equal to the distance between
the first and second knife blades.

* 0k k% %
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MINTMALLY INVASIVE GIL.AUCOMA
SURGICAL INSTRUMENT AND METIIOD

CRQOSS-RETTIRINCES TO RETLATTED
APPLICATIONS

"Lhis application is & continuation of U.S. palenl applica-
tion Ser. No. 13/830.231. filed Mar. 25, 2013, which is a
continuation of 1.8, patent applicarion Scr. No. 12/843,458,
filed Jul. 26, 2010, now U.S. Pal. No. 8,512,321, which is a
continuation of 1.8, patent application Scr. No. 11/273,914,
filed Nav, 14, 2005, now 1 8, Pal. No, 7,785,321, which is
4 continuation of 1.8, patent application Ser. No. 104052,
473, filed Jan. 18, 2002, now U.S. Pat. No. 6,979,238, which
claimed priority o 118, Provisional Application Scr. No.
60/263,617, filed Jan. 18. 2001. the full disclosures of which
arc herein incorporated by relerence in their entirety.

BACKGROUND QT TITE INVENTION

1. licld of the Invention

The present invention relates to a new glaucoma surgical
instrument and method, and, in particular, removal of the
irabecular meshwork by mechanical cautery, vaporization or
other tissne destruction means optionally coupled w0 an
instrument with infusion, aspiration, and a [oolplate.

2. Deseription of the Relatod Art

Aqueous is a clear, colorless Quid that Jills the anterior and
posterior chambers of the eye. The aqueous is formed by the

ciliory body in the eye and supplics nuirients to the lens and

cornea. Tn addition, the aqueous provides a continuous
stream into which surrounding tissues can discharpe the
wisle products of metabolism,

The aqueous produced in the ciliary process circulates

Irom the posterior chamber o the anterior chamber ol the 33

cye through the pupil and is absorbed through the trabecular
meshwork, a plurality of crisscrossing collagen cords cov-
ered by endothelium. Onee through the trabecular mesh-
worl, the agueous passes through Schlemm’s canal into
collector chammels that pass through the seleral and cmply
iuto the episcleral vencus circulation. The rate of production
in & normal cye is typically 2.1 pl/min. Intraocular pressure
in the eye is maintained by the tormation and drainape of the
aquenns. All the tissnes within the corneoscleral coat cov-
cring the cycball are subject 1o this pressure. which is higher
than pressure exerted on tissues at other locations in the
body.

CGlaucoma is a group of diseases characterized by pro-
gressive alrophy ol the oplic nerve head leading Lo visual
ficld loss, and ultimately. blindness. Glaucoma is generally
associated with elevated intraacular pressure, which is an
impentant risk factor tor visual ficld loss because it causes
further damage 1o optic nerve fibers. Other causes of glan-
comad may be thal the nerve is particutarly vulnerable (o the

pressure due to poor local circulation, tissue weakness or 355

abnormality of structurc. Tn a “normal” eye, ntraccular
pressure ranges from 1010 21 mm mereury. In an cye with
glaucoma. this pressure can rise 1o as wuech as 75 mm
mercury.

There are several types of glancoma, including, open and
closed angle glaucema, which involve the abnormal increase
in intraocular pressure, primarily by obstruction of the
oulllow ol aqueous humor from the eye. or. less [requently,
by over production of aqueous humor within the eye. The
wost prevalent lype Is primary vpen angle glavcony in
which the aqueous humor has free aceess 1o the irridocorneal
angle, bur aquecus humor drainage is impaired through
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obstruction of the trabecular meshwork. Tn contrast. in
closed angle glavcoma, 1he iridocurmneal angle is closed by
the peripheral iris. ‘The angle block can usually be correciad
by surgery. Tess prevalent types ol glaucoma include see-
orclary gloucomas rlated lo inflammation, rauma, snd
hemorrhage.

Agqueous humor is similar in clectrolyte composition to
plasma, but has a lower protein conlent. The aqueous bumor
keeps the eyeball inflated, supplics the nutritional needs of
the vascular lens and cornca and washes away metabolites
aixl toxic substances within the eye. The bulk of aqueous
humor formation is the product ol active cellular seeretion
by nonpigmented epithelial cells of the ciliary process from
(he active transpori of solule, probably sedivm, [ollowed by
the osmotic flow of water from the plasma. The nonpig-
mented epithelial cells of the ciliary process are conncered
al their apical cell membranes by light junctions. These cells
participate in forming the blood/aqueous barrier through
which blood-borne large molecules, inchading, proteins. do
nel pass.

Intraccular pressurc (TOP) Is a function of the ditference
between the rate at which aqueous humor enters and leaves
the eye. Agueous humor enters the posterior chamber by
three means: 1) active secretion by nonpigmented epithelial
cclls of the ciliary process; 2 ullralilization of bloed plasina;
and 3) dilTusion. Newly Jormed aqucous humor lows [rom
the posterior chamber around the lens and through the pupil
inie the anterior chamber; aquecus humor keaves the cve by
1) passive bulk flow at the irridocorncal angle by means of
the uveloscleral outflow, or by 2) active transportation
through the trabecular meshwork, specifically the juxia
canalicar portion. Any change in 1), 2). or 3) will disturb
aquecus humor dynamics and likely alter intraocular pres-
sure.

Primary open angle glaucoma is caused by a blockage in
the tabecnlar meshwork. This leads to an increase in
intraccular pressure. The major obsiruction is at the juxta-
canalicular portion which is situated adjacent 10 Schlemm’s
canal. In infants a goniotomy or a trabeculotomy can be
performed. Tn geniotomy or trabeculotomy a small needle or
probe is introduced inte Schlemm’s canal and the trabecular
meshwork is mechanically dismpted into the anterior cham-
her. Approximately 90°-120° of trabeeular meshwork can be
disrupted. The anatomical difference between congenital
glancoma and adult glaucoma is that in congenital glaucoma
the ciliary body muscle fibers insert into the trabecular
meshwork and once disrupled the trabecular meshwork is
pulled pesteriorly allowing fluid to enter Schlemm’s canal
and to be removed through the normal collectar channels
that arc present in the wall of Schlemm’s canal. Tn adults the
trabecnlar meshwork tears but remains intact and reattaches
(o the posierior scleral wall ol Schlemm’s canal blocking the
collector channels.

Maost reatments [or glaucoma [ocus on reducing intraocu-
lar pressure. Treatment has involved administration of beta-
blockers such as timolol to decrease aquecus humor pro-
duction, adranecrgic agonists to lower intraocular pressure or
diuretics such as acetazolamide to reduce aqueous produc-
lion, administralien of miotic eyedrops such as pilocarpine
to tacilitate the outflow of aqueous humor, or prostaglandin
analogs 10 increase uveoscleral outllow. Acule [oms of
glaucoma may require peripheral iridectomy surgery to
relieve pressure where drug lberapy is ineflective and the
patient’s vision is at immediate risk. Other forms of treat-
ment have included physical or thermal destruction (“ev-
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clodestruction™) olhe ciliary body ol'the eye, commonly by
surgery or application o a laser beam, cryogenic [uid or
high [requency ultrasound.

Tn guarded filtration surgery (trabeculectomy). a fistula
created through the limbal sclera is prolected by an overly-
ing partial thickness sutured scleral flap. The scleral flap
provides addilional resistance lo excessive loss of agqueous
humor [rom the cycball. thereby reducing the risk of carly
postoperative hypotony,

Tn accordance with one recently introduced procedure, a
full thickness filiering, fistula may be created by a holmium
laser prube, with minimal surgically induced trauma. Aller
retrobulbar ancsthesia. a conjunctival incision (approxi-
mately 1 mm) is made sboul 12-15 nuu posierior o the
intended sclerostonmy sile, and a laser probe is advanced
through the sub-conjunclival space lo the limbus. Then,
multiple laser pulses arce applicd until a full thickness [istula
is created. This technique has sometimes resulted in early
hypotony on account of a diflicully in conirolling the scle-

rostomy size. In addition. carly and late iris prolapse into the 2

sclerostomy has resulied in abrupt closure of the (stula and
cventual surgical failure. Tharther, despite its relative sim-
plicity, the disadvantage of this procedure, as well as other
wypes ol glaucoma filtration surgery, is the propensity ol the
fistula to be sealed by searring.

Various allempls have been made o overcome the prob-
lems of filtration surgery. for cxample, by using ophthalmic
implant instruments such as the Bacerveldt Glaucoma
Tmplant. Typical ophthalmic implants utilize drainage tubes

30 a8 (o0 muintain (he integrity ol the openings lormed in the

eyehall for the relicl of the TOP.

Typical ophthalinic implants suffer from several disad-
vanlages. Tor example. the implants may wtilive a valve
mechanism for regulating, the flow of aqueous humor from

the eyeball; deleets in andior lailure ol such valve mecha- 33

nisms could lead to cxcessive loss of aqueous hunor from
the eyeball and possible hypotouy. The implants also tend to
clog over lime, cither Jrom the inside by tissue. such as the
iris, being, sucked into the inlet. or from the outside by the
proliferation ol cells, for example by scarring. Additionally,
the typical implant insertion operation is complicated. costly
and lakes a long time and is reserved for complicated
glaucoma problens.

There are many problems, however, in effectively treating,
glancoma with long term medicinal or surgical therapics.
One problen is the difficulty in devising means to penerate
pharmacologically cliective inraccular concentrations and
to prevent extraccular side effects elicited by a systemic
administration. Many drugs are administered topically or

locally. The amount of a drag that gets into the cye is, 5

however, only a small percentage of the topically applied
dose becausc the tissues of the cyve arc protected from such
substances by numerons mechanisms. including tear turn-
over. blinking. conjunctival absorption into systemic circu-
lation, and a highly selective corneal barrier.

Pharmacological treatment is prohibitively expensive loa
large majority of glaucoma paticents. Tn addition, many
people atflicted with the disease live in remote or undevel-
oped arcas where the drugs are not readily accessible. The
drugs used in the treatment often have undesirable side
ellects and many ol the long-term efleets resulung from
prolonged use are not yet known. Twenty-five percent of
patients do not use their medications correctly.

Glaucoma is a progressively worsening disease. so that a
filirtion operation for contral of lnraocular pressure ny
become necessary. Present surgical techniques to lower
intraocular pressure, when medication fails 1o decrease fluid

3

3
o

[
'

&

w
N

i5{)

['h]

4

flow inte the eye or W increase uid owllow. include
procedures that permit fluid (o drain rom within the eye w
extraocular siles by creating a uid passageway between the
antcrior chamber of the cye and the potential supra-scleral/
sub-lenon's space, or, allematively, inte or through the
Canal of Schlenm {see, e.g.. TS, Pal. No. 4,846.172). The
mosl conunen operalions lor glavcoma are glavcoma lilter-
ing operations, particularly trabeculectomy. Thoese opera-
tions involve ereation of a fistula betwoen the subconjunc-
tival spacc and the anterior chamber. This [istula can be
made by creating a hole at the limbus by cither cutting out
a porticn of the limbal tssves with either a scalpel blade or
by burning with a cautery through the subconjunctival space
ino the anierior c¢hsmber. Fluid then lters through the
listula and is absorbed by episcleral and conjunctival. Tn
order for the surpery to be effective, the fistula nust remain
substantially unobstrucied. These drainage or [iliering pre-
cedures, however, often fail by virtue of closure of the
passageway resulling [rom the healing ol the very wound
credled for gaining access 1o the surgical site. Failures most
Trequently result from scarring 81 the site ef the incisions in
the conjunctiva and the Tenon's capsule. The surgery (ails
immediately in at least 15% of patients. and long, term in a
much higher percentage. Presently, this consequence of
trabeculectonyy, closure of the passageway, is treated with
S-Mucrourscil and Mitemyein_(7, which apparently prevent
closure by inhibiting, cellular proliferation. These drugs,
hewever, are highly loxic and have undesirable side ellects,
including scleral melting, hypotony. leaks, and lae inftce-
tHons.

Other surgical procedures have heen developed in an
ctfort to reat victims of glaucoma. An irddectomy. removal
ol a portion ol the iris, is ollen wsed in angle-closure
glaucoma wherein there is an ocelusion of the trabecular
meshworlk by iris contact. Removal of a piece of the iris then
gives the aqueous [ree passage [rom the posterior o the
anterior chambers in the eye. The tissue of the eye can grow
back 1o the pre-operative condition. therchy necessitating
the need for further treatment.

In view ol the Timiled ellectivencss ol trealment oplions,
there is, therefore, a need to develop meore ctfective treat-
ments for glancoma.

BRIEF SUMMARY OF THE. TNVENTION

The present invention is a surpical instrument and niini-
mally invasive surgical method to remove at least & portion
of the trabecular meshwork of the eye, providing for aque-
ous draimage in the treatment of glaucoma.

A preferred embodiment of the present invention involves
inserting a surgical instrument throngh a small corneal
incision transcamerally under direct visualization to ablate
the trabecular meshwork. The instnuvent may include a foot
plate. such thaw the instrument can penetrate the trabecular
meshwork inte Schlemm’s canal. The footplate may also act
as a proleclive device lor the endothelial eells and collector
channels lining the scleral wall of Schlemm’s canal. The
instrument may also comprise an inthsion system and aspi-
ration system. Infasion maintains and deepens the anterior
chamber so that easy access of the angle of the eye is
oblained o the trabeeular meshwork and Schlemm's canal.
Infusion also allows fhnid to flow out 1o the collector
channels whilst the surgery is being periormed, thus keeping
the surgical site blood free. Aspiration is desipned to remove
abluted tissue, gas and bubble furmation, und «ll intravculur
debris penerated. The aspiration may be directly linked to
either a cutting mechanisin, such as a guillotine cutting
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machine, laser probe, a piczo-clectric crysial praducing
somic or ullrasonic energy, or caulery clement. These
modalities arc capable of substaniially complele lissuc
removal by mechanical means. cautery. vaporization. or
other tissue destruction lechniques.

The surgical instrument is used Lo perform a gonjeclemy
procedure, by removing @ pertion of the trabecular mesh-
work consistmg ol the pigmented trabecular meshwork,
allowing frec access of aqueous from the anterior chamber
through 1o the scleral portion ol Schlemm’s canal that
contains the endothelial cells and mest importantly the
collector channcls thal lead back 1o the episcleral venous
SYSLCITL

In another embodiment, a Schlemmectomy surgical pro-
cedure, similar Lo 2 trabeculolomy. a schlemmectomy probe
is inserted into Schlemm’s canal under direct visualization
through a scleral incision, such that the surface ol the
instrument faces the tabecular meshwork and the tissuc
comprising (he pigmented and @ pordion of the non-pig-
menited trabecular meshwork facing inte Schlemm’s canal is
removed by a cautary element, radio-lrequency elecirode, or
an ulirasound wransducer formed [rom a picrze-clectric erys-
tal.

This instrument is advantageous because it combines
existing procedurcs with new tochnology. providing a
simple solution [or glaucoma treatment.

BRIV DESCRIPTION OF 111 DRAWINCGS

TIG 1 s a cross seclional schematic dingram ol a humam

eye.

FIG. 2 iz a cross sectional schematic diagram which
shows aqueous Jow into and through the anterior chamber
in a human cye.

VI8, 2a-d shows diagrammuatically the progression ol 33

the deformation of the lamina cribrosa i glaucoma.

FIGS. da-¢ show diaprammatically the steps of perform-
ing a gonicctomy.

FIGS. 8a-d show diagrammatically the steps of perform-
ing a trabeculodialysis.

FIGS. 6a-f show diagramimarically the steps of a trabe-
culolomy procedure using a probe ol a preferred embodi-
ment,

FIGi. 7 is a perspective view which shows a poniectomy
cautery probe of a preferred embodiment.

FIG. 8 is a cross-sectional schematic diagram which
shows the gonicclomy cautery probe of FICG. 7.

FIG. 9 is a cross sectional schematic diagram which
shows another embodiment o[ the genicelenty caulery probe
of F1G. 7.

FIG. 10e 15 a3 detailed view which shaws the probe tip of
the gonicctomy cautery probe of TIG. 7.

FIG. 105 is a cross-sectional schematic diagram which
shows the probe tip of the gonicctomy cauery probe o TTG.
7.

TIG. Ha is a detailed view which shows the probe Lip ol
the gonicctomy cauntery probe of FIG. 7.

FIG. 115 is a cross-sectional schematic diagram which
shows the probe tip of the genicctomy cautery probe of TTGL
7.

TIG. 124 is a detailed view which shows the probe Lip ol
the poniectomy cautery probe of FICi. 7.

TIG. 125 is a cross-sectional schematic diagram which
shaws the probe tip of the 20niectomy cautery probe of FIG.
7.

FIG. 13 is a perspective view which shows a goniectomy
cautery probe of a preferred embodiment.
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FIG. 14 is a perspeetive view which shows a gonicclomy
caulery probe of a preferred embodiment,

FIG. 154 is a detailed view which shows the probe tip of
the gonicctomy caulery probe of TTG, 13,

LIG. 185 s a cross-sectional schematic diagram which
shows the probe tip of the gonicclomy cautery probe ol (T,
13.

FIG. 164 is a detailed view which shows (he probe lip of
the caulery probe of T1G. 14,

FIG. 165 is a cross-sectional schematic diagram which
shows (he probe tip ol the caulery probe of II1G. 14.

TIG. I7 shows a schematic of a circuit diagram ol a
preferred cmbodiment of a gonicetomy probe.

I'Ies. 18 is a perspeclive view which shows a gonieclomy
probe.

FIG. 19 is a cross-scetional schematic diagram which
shows an embodiment ol the probe of 116G, 18,

FIG. 20 is a cross-scctional schematic diagram which
shows an embodiment of the probe of FIG. 18,

FIG. 21 is a cross-seclional schematic dingram which
shows an embodiment of the probe of FIG. 18,

FIG. 22 is a cross-secticnal schematic diagram which
shows an embodiment of the probe of TIG. 18.

FIG. 23 is a cross-scctional schematic diagram which
shows an embodiment of (e probe ol FIG. 18.

FIG. 244 is a perspective view which shows a pretferred
embodiment ol a laser gonicelomy probe,

FIG. 245 is a perspeciive view which shows a prelerred
embodiment of a laser goniectomy prabe.

FIG. 25 is a cross scetional schematic diagram of the laser
genicctomy prohe of FIG. 24a.

I'1G. 26 is a cross sectional schematic diagram ol the laser
genicctomy probe of FIG, 245

FIG. 27 is a cross sectional schematic diagram ot'the laser
gonicelnny probe of TIG. 245.

FIG. 28 is a pemspective view which shows a Schlem-
meclomy probe of a preferred embodiment.

FIGS. 29a-¢: are detailed views which show the probe tip
ol (he probe ol FlG. 28.

FIG. 30 is a perspective view of an alternative preterred
emhodiment of the prohe ot FIG. 28.

FIGS. 31a,b,¢ are detailed views of the probe Lip of TIG.
30.

FIGS. 324,k are datailed views which show the probe tip
of the probe of FIG. 30.

FIG. 33a is a detailed view which shows the probe tip of
the probe of FIG. 30.

FIGi. 335 i3 a cross-sectional schematic diagram which
shows the probe tip of the probe of TIG. 30,

FIG. 344 is a detailed view which shows the probe tip of
the probe of TIGL 30.

FIG. 34F is a cross-sectional schematic diagram which
shows the probe lip of the probe of TIG. 30,

FIG. 354 is a detailed view which shows the probe tip of
the probe of FIG. 30.

F1G. 385 1s a cross-sectional schematic diagram which
shows the probe tip of the probe of FI1G. 30,

DETAILED DESCRIPTION OF THE
INVENTION

Relerring to TIG. 1. relevant structures of the eye will be
briefly described, so as to provide background for the
amtlomical terms used berein, Cerlain analonncal deluils,
well known to those sldlled in the art. have been omitted for
clarity and convenience.
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As shown in TIG. 1, the cornea 103 is a thin. transparent
membrane which is part of the outer eye and lics in front of
the iris 104. The cornea 103 merges into the sclera 102 at a
juneture reterred to as the Hmbus 108. A layer of tissue
called bulbar conjunctiva 106 covers (he exierior ol (he
sclera 102, The bulbar conjunctiva 106 is thinnest anteriorly
al the lombus 108 where it becomes o thin epithelial layer
which continues over the cornea 103 © the comeal epithe-
livm. As the bulbar conjunciliva 106 cxiends posteriorly, it
becomes more substantial with greater amounts ol (ibrous
tissue. The bulbar conjunctiva 106 descends over Tenon’s
capsule approximacly 3 mm lrom the limbus 108, “lenon’s
capsule s thicker and more substantial cincapsulatory tissuc
which covers the remaining, portion of the eveball. The
subconjunctival and sub-Tenon's capsule space become one
when these two Lissucs mecl, approximately 3 mm from the
limbus. The ciliary body or ciliary process 110 is part of the
uveal tract. Tt begins at the imbus 108 and extends along the
interior ol the sclera 102, The choroid 112 is the vascular

membranc which cxtends along the retina back towards the 2

oplic nerve. The anterior chamber 114 of (he eye is the space
between the comnea 103 and a crystalline lens 116 of the oye.
The crystalline lens of the eyve Is sitwated between the ins
104 and the vitreous body 120 and is enclosed in a trans-
parent membrane called a lens capsule 122, The anterior
chamber 114 is filled with agucous humor 118, The trabe-
cular meshwork 121 removes excess aqueous humor 118
Irom the anterior chamber 114 through Schlemm’™s canal 124
into collector channels which merge with blood-carrying,
veins to take the aqueous humor 118 away [rom the eye.

As shown in FTG. 2. the flow ol agqucous T18 is [rom Lthe
posterior chamber. through the pupil, into the anterior cham-
ber 114.

FIGS. 3a-d show longitudinal scctions through the optic

nerve head, illustrating the progressive deepening ol'the cup 35

302 in the nerve head from normal to advanced glancoma.
FIG. 3a shows a normal nerve and F1G. 34 shows an etfected
nerve in advanced glancoma. As the cup 302 deepens and
the lamina cribrosa 306 hecomes more curved. axons 304
passing through the lamina 306 are subject 0 kinking and
pressure as they malke their way through the lamina 306.
Goniotomy. TTGS. 4a-c show the sieps lor performing a
goniotomy procedure. As shown in TIG. 4a. locking, forceps
406 are typically used to prasp the inferior and superior
rectus muscles. A goniotomy lens 408 is positioned on the
eye. A goniotomy knite 400 is inserted from the temporal
aspect beneath the goniolomy lens and viewed through a
microscope. The cornea is irrigated with balanced salt
solution. The surgeon posilions the goniotomy lens 408 on

the cornca. holding the lens 408 with an angled, toothed 3

forceps 406 placed into the tw dimples at the top of the lens
408,

The surgeon places the goniotomy knife 400 into and
through the cornea 1.0 mm anterior w the limbus, maintain-

ing the knife 400 parallel to the plane of the irs {FIG. 45). 55

Slight retation of the knife 400 lacilitaics smooth penctra-
tion into the anterior chamber without a sudden bhreak
through the cornea. The surgecn continves 1o gently apply
pressure and rotate the goniotomy knife 400. dirccting it
across the chamber, parallel 1o the plane of the iris. until
reaching the trabecular meshwork in the opposite angle.

The surgeon visualizes the trabecular meshwork under
direet microscopy and engages the superficial layers of the
meshwork at the midpoint of the trabecular band. The
incision is typically made 100° W 120%, as desiguaied by a
in FIG. 4b, circumferentially. first incising clockwise 50° to
60°, then counterclockwise for 50° 10 60°,
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As the tssue is incised. a while line can be seen and the
iris usually draps posteriorly, An assistam facilitales incision
by rotating the eye in the opposile direelion of the action o
the blade (FIG. 4c).

‘The surgeon compleles (he goniolomy incision and
premptly withdraws the blade. Tf aqueous cscapes from the
wound and (he chamber is shallow, the surgeon can slide the
goniotomy lens over the incision as the blade is withdrawn,
The anterior ¢hamber can be refonned with an injection of
balanced salt sohiion through the external cdge of the
corncal incision. The leak can be stopped using a suture and
burying the knol.

Trabeculodialysis.  Trabeculodialysis 15 similar  to
geniolomy but is performed primarily in young patients with
glaucoma sceondary 10 inflammation. Trabeculodialysis dil-
Ters [rom goniotomy only in the posilion ol the incision,
TIGS. 3a-d show he steps ol a rabeculodialysis procedure.
The knife 300 passes across the anterior chamber and
engages the trabecular meshwork at Schwalbe’s line rather
than at the midlinc of the meshwork. as shown in FIC. 5a.

The incision is typically made 1007 1o 120° circumiferen-
tially, as designated by a in T1G. 54, first incising clockwise
50° (o 60°, then counterclockwise for S0° 10 60° (L'1G. 8§6).

With the lat side of the blade. the surgeen pushes the
trabecular meshwork inferiorly toward the surface of the iris,
as shown m TIG. 3¢, T, 64 shows (he meshwork, disin-
serted from the seleral suleus. exposing the outer wall of
Schlemm’s canal.

Trabeculotomy,  Trabeculotomy  displaces  trabecular
meshwork as a barrier o aquoous outllow, Initially, (he
surgeon creates a iriangular scleral flap 604 that is disseclod
anteriorly of the limbus. as shown in FIG. 64. A radial
incision is made over the anticipated site ol Schlemm’s
canal (F1G. 64). The incision is despened until the roof of
Schlemm’s canal is apened (UIG. 6e).

The surgeon locates Schlemm’s canal through the exter-
nal surface of the limbus, threads a trabeculotome 600 into
the canal and rolates the instrument into the anterior cham-
ber. as shown in FIG. 64, The upper arm 610 of the
instrument should be kept parallel 10 the plane ol the iris.
The instrument 600 is then rotated within the anterier
chamber and maintained parallel 1o the iris. Aller rolating
the instrument 600 through the meshwork in one direction,
the surgenn withdraws the instrument and inserts a second
instrument with the opposite curve. The identical procedure
is then performed in the opposite direction.

Collapse ol the anterior chamber often oceurs during the
procedure. The chamber can be reformed by injecting, irri-
gation (Tuid. Aspiration may be used (o remove the Lissue.
The scleral flap 604 may then be sutured closed, as shown
in FIG. e

Gonicetomy Cautcrization Probe. A preferred embodi-
ment of a goniectomy probe, used to cauterize and ablate the
trabecular meshwork is shown in FIGS. 7 and 8. The probe
706 comprises a handle 705 and a probe tip 710. Preferably,
the handle is approximately 20 gauge and the probe tip is
approximatcly 27 gauge. The proximal cnd of the handle is
adapted for mating with a connector 712 to the output
terininals of an cnergy source 7640.

The probe also includes electrical leads 834 (FIG. B), a
power cable 708. preferably a coaxial cable. and actuation
means. These components extend from the handle 705,
through an clectrical lead lumen 832 (TFIG. 8) in the probe
shaft 708, to the corresponding components of the probe 700
dispused vu (he distal end. The proximal ends of (he cables
and hunens connect to the corresponding connectors that
extend from the distal end of the probe handle 705,
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Aspiration and Irrigation may be provided by an aspira-
lion pump 770 and irrigation pump 780, The aspiralion
pump 770 is comnected o a standard vacuum supply line o
promote the withdrawal of the aspiration fluid. Aspiration
vacuum control may he provided by an aspiration valve. n
a preferred embodiment. as shown in TTG. 8. both Irrigation
and aspiration may be provided by the same lumen 822,
allernating the pump as needed. TTowever, the irrigation
lumen 922 and aspiration lumen 924 are separate in the
embodiment ol TTG. 9. providing for simultanceus irrigation
and aspiration. Trrigation under pressure thishes blood from
the eye and expands the anlerior ¢hamber, providing more
room for the procedure.

‘Ihe handle 705 may be made of an electrically insulating
polymeric maiterial. configured in a pencil-shape [orm hav-
ing a cylindrical body region 702 and a lapered forward
region 704. A comtoured handle helps 10 reduce the holding
force required and increase proprioceptive sensitivity.
Allhough a pencil-shape confliguration is preferred, il is
noted that any configuration of the handle 705 which is
casily, comlortably and conveniently grasped by the opera-
tor will alse be suitable and is considered to be within the
scope ol the present invention,

The probe tip 710 is connected 10 the main bedy of the
handle 705. The probe tip further comprises a footplate 721,
which prolects the collector channels, penetraies the irabe-
cular meshwork, and scrves as a gnide in Schlemm?s canal.
The caulery element 730, Tocated al the distal ond ol (he
probe tip 710 may have a variety of coanfigurations.

‘The tip 710 may be any malerial, such as Glanium, brass, 3

nickel. aluminum, stamless sieel, other wypes of steels. or
alloys. Alternatively. non-menallic substances may also be
used. such as cerwin plastics. The malleable probe tips can
be configured as straight. angled or curved, for cxample,

which provides lor oplimal access (o speeilic analomy and 35

pathology. Unique tip designs improve tactile feedback for
optimal control and access, and provide for improved tissue
visualization with greatly reduced bubbling or charring,
The probe tip 710 comprises an electrode 730, suitable for
caulery, as known lo those of skill in the ar. Various
electrode configurations and shapes may be suitable. The
cautery clement 730 may be any clectrode that may provide
ablation or cautcrization of tssuc. such as an ultrasound
transdneer, a RF electrade, or any other smitable electrode.
The cautery clement may also include other cautery
enerpy sources or sinks, and particularly may include a
thermal conductor. Tixamples of suitable thermal conductor
arrangements include a metallic element which may. for
example, be construcied as previously described. TTowever,

in the thermal conductor cimbodiment such a metallic cle- 5

ment wonld be senerally resistively heated in a closed loop
cireuit internal to the probe. or conductively heated by a heat
source coupled to the thermal conductor.

The probe tip may have a coating such as a non-stick

plastic or a coaring comprising diamond to prevent unde- :

sirable sticking or charring, of Lissue. The clectrode may be
provided on the inner surface of the tip. Alternatively. the
electrode is embedded in a sheath of a twbe. Insulation is
provided around the cautery clement so that other arcas ot
the eve are not aftected by the canterization. A sleeve shield
or a non-conductive layer may be provided on the probe tip
1o expose only a selected portion of the electrode. The sleeve
prelerably has sullicient thickness to prevent both current
flow and capacitance coupling with the tissue.

e electrode or uther device used 1o deliver energy cun
he made of'a nuniber of different materials including. but not
limited to stainless steel, platinum, other noble metals, and
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the like. The clectrade can also be made ol a memory metal,
such as nicke] tlanivm, The clectrode ¢an alse be made of
compasile construction, whereby dillerent sections arc con-
structed from different materials.

In a prelerred embodiment, the probe assembly is bipolar,
Tn a bipolar system, two clectrodes of reversed polarity arc
locuied on the probe lp, thus eliminating the contact plale
for completion ol the circuil. Additionally, any number of
pairs of clectrodes may be provided on the probe lip.

In an allernative embodiment, the probe assembly s
monopolar. In a monopolar systom, the system compriscs a
single clectrode and a contact plale is altached to the surface
of the human body. The contact plate is tirther connected to
the minus lerminal of the power source via a lead wire,
Voliages ol reversed polarily are applicd 10 the clectrode and
the contact plate.

In a preferred embodiment as shown in FIGS. 10 and
105, an electrode assemkbly of a bipolar probe inchides one
clectrode 1020 made from a stainless sieel 20 gauge hollow
necdle and a second clectrede 1030 formed as a layer of
clectrically conduciive material (such as silver or nicke])
deposited over and adhered on an exterior surface of the
peedle clectrade 1020, A thin clectrical insulator 1028
separates (he clectrodes 10200 1030, along their lengths ©
avoid short circuiting.

The clectrode 1020 extends along a longitudinal axis 1072
of the footplate 721 (FIG. 7} from a proximal region at
which bipolar clectrical power is applied 10 a distal region of
the clectrode asscmbly.

In a preferred embediment, the second electrode 1030
extends over a limited portion of the circumlerence of the
fimst electrode 1020. rather than entirely around the first
clectrode. Current [lows over a relatively small portion of
the circumference and length of the first clectrode 1020. This
limits the arca in the body that receives current, and provides
the operator with a high degroe of control as to where the
current is applied. The second electrode 1030 extends over
an are ol approximalely one quarter ol the circumlerence of
the first electrode 1020. The second electrode 1030 is
disposed symmetrically about an axis 1072.

In a preferred embodiment, the first electrode. and thus
the [oolplale 721, has a cenlral passage 1022 that is open ai
the distal region, providing tor irrigation and aspiration. The
irrigation and aspiration lumens extend from the distal end
of the probe tip 1010, through the probe handle. to the
connector. providing for irrigation and aspiration capability.

In an ecmbodiment as shown in T1GS. 1la and 115, the
electrode assembly includes a central or axial electrods 1120
[ormed by a solid cylindrical metal member, and an clongale
hellow outer clectrode 1130 formed by a eylindrical metal
mhe membher. which is coaxially positioned around the
central clectrode 11200 The coylindrical outer surtace of
electrode 1130 forms the circumferential surface of the
probe. The ower clectrode 1130 is preferably made of
stainless steel or other corrosive resistant, conductive mate-
rial [or strength as well as conductivity. The inner clectrode
1120 may be made of copper, but less conductive materials
may also be employed. The coaxial relationship and spacing
between the clectiodes 1120, 1130. as well as their clectrical
isolation from one another, is provided by a tubular sleeve
1128 of an clecwrically insulating material between the
electrode.

A layer of insulation 1132 may also swrround the secomd
electrode 1130. One or more regions of insulating area 1132
way be removed gt any suitable locution along the axis o
expose a region of electrode 1130. Canterization would
occur at the exposed repion. 'The circumferential exvent of
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the seoond clectrode 1130 can be further limited, depending
on the degree ol conlrol desired over the size of the area o
which current is applied.

Tn an alternative cmbodiment. as shown in FIG. 12. the
aclive region ata remole end ol a bipolar clectrede 1s lormed
by a hollow metal tube 1200 having a substantially cylin-
drical layer of insulation 1228 on the ouler surface of the
metal be. The metallic wbe 1200 is not an clectrode and is
provided only lor the strength of the probe aysembly. The tip
supports lwo metal clectrodes 1230, 1240, Tach ol the
clectrodes 1230, 1240 have clectric leads, which extend
through the hollow interior ol the twhe 12040 1o a supporting
insulative handle where it is coupled by appropriate means
wilh a power source in the mamner previously described.
Fnergy llows hetween the clecwrodes 1230, 1240, heating
only the Ussue adjacent the gap (herebelween. Aspiration
and irrigation may be provided through @ lumen 1222,

FIGS. 13 and 14 show alternative embodiments of a
gonicclomy  caulerization probe 1300, 1400. The probe
comptrises a handle 1305, 1405 and a probe tip 1310, 1410,
The probe tip includes a cautery clement 1334, 1430,

The probes 1300. 1400 arc provided with an cnergy
souree; however, probe 1400 also includes an irrigaiion
supply 1480 and an aspiration pump 1470. These compo-
nents conunect to the probe 1300. 1400 at connector 1308,
1408.

FIGS. 154,k show detailed views of probe tip 1310. The
probe Lip 1510 is straight and includes an clecirode 1530
attached to clectrode 1520, which are separated by a layer of
insulation 1528,

TIGR. 16a,h show detailed views ol probe tip 1410, The
probe tip 1610 is straight and includes an electrode 1630
altached to a hollow clectrode 1620. which are scparated by
a layor of insulation 1628, The hollow cleetrode 1620 forms
a hollow passage 1622 lor irmigalion and aspiration.

Tn an alternative cimbodiment. the needle tip of TT1G. 14
may comprise a hollow needle, with or without a canterizing
clement. acoustically coupled 10 an ultrasonic handle and
surrounded by a hollow sleeve. The handle includes an
ultvasonic transducer, such as that used [or phacoemulsili-
cation. which may be either piezoelectric or magnetostric-
tive. When the handle is activated. the needle is vibrated
longimdinally at an ultrasonic rate. Simultancously, a hydro-
dynamic flow of irrization fhrid may be introduced into the
eye. The vibrating necdle emulsifics the tissue, and the
particles are preferably simultaneously aspirated. along with
the flid, ow of the eye through the hollow needle tip.
Aspiration is effected by a vacuum punp, which is con-
nected o the handle. The ultrasonically vibrawed needle

emulsifics the tissuc by combining i) the mechanical impact 5

of the needle tip which wvaries depending on its mass,
sharpness. and acccleration. i) the ultrasonic acoustical
waves penerated by the metal surfaces of the vibrating
needle, iy the Nuid wave created av the needle’s leading

edge, and iv) implosion of cavitation bubbles created at the :

lip of the vibrating needle.

Tn an alternative embodiment, sonic technology may be
used to ablate the tissue. Sonic technology offers an inno-
vative means of removing material withour the generation of
lheat or cavitational energy by using sonic rather than ultra-
sonic lechnology. The tip expands and contracts, generating
heat, due to intermolecular frictional forces at the tip. that
can he conducted to the surrounding tissues. The tip does not
need g hollow sleeve it sonic energy is used 1o remove the
lrbecular meshwork,

The use of acoustic energy, and particularly ultrasonic
energy, offers the advantage of simultaneously applying a
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dese of energy sullicient 1o ablate the arca without exposing
(he eye lo current. The ullrasonic driver can also modulate
the driving Irequencics and/or vary power in order (o smooth
or unify the produced collimated ultrasonic beam.

‘The amount ol heat gencrated is direetly proportional to
the operating froquency. The sonic tip does not gencrate
cavitational elfects and thus true ragmentation, rather than
cmulsilication or vaporization. of the tissuc takes place. This
adds more precision and prediclability in culling and less
likelihood of damage 1o other arcas of the eye. The Lip can
be utilized for both sonic and uktrasonic mades. The surpeon
can allernate bebween the two modes using a loggle swilch
on a foot pedal when more or less energy is required.

PIGG. 17 shows the conirol system [or @ ponicclomy
caulerization probe. The cautery clement 1730 is coupled ©
a cautery acluglor. The caulery acluator gencrally includes a
radio-frequency (“RT7) current source 1760 that is coupled
to both the RF electrode and also a pround patch 1750 which
is in skin comlact with the patient ©w complete an RT circuil,
inthe case of a menopolar system. The cautery actuator may
include a monitoring circuil 1744 and a control circuil 1746
which together use cither the electrical parameters of the RT
circull or Ussue paramelers such as lemperature in a feed-
back control loop 10 drive current through the clectrode
element during cauterization. Also. where a plumality of
caulery elements orelectrodes are used, swilching capabilily
may he provided to multiplex the RF current scurce between
the various elements or electrodes.

The probe is connected to a low voltage power source via
a power cord (het mates with the handle, The source may be
a high frequency. bipolar power supply, preferably. a solid
state unit having a bipolar owput contimously adjustable
between minimum and maximum power sedings. The
source 1 activated by an onfoff switch. which may comprisc
4 loot pedal, or a button on the prabe or interlace, The source
provides a relatively low bipolar output voltage. A low
voltage source is preferred 1o avoid arcing between the
clecrode 1ips, which could damage the cye tissue. The
generator 15 coupled 1o first and second electrodes to apply
a biologically sale voltage to the surgical site.

Delivers of energy to the tissue is commenced once the
caulery clemenl is positioned at the desired location. The
cnergy source preferably provides RE cnergy. but is not
limited to RF and can include micrawave, nltrasonic, coher-
ent and incoherent light thermal transfer and resistance
heating, or other torms of energy as known to those of skill
in the an. Fnergy is typically delivered (¢ the cautery
element via alectrical conductor leads. The cautery control
system may include a current source [or supplying current k»
the cautery clement.

The current sonrce is conpled to the eantery element via
a lead set (and 10 a ground patch in some modes). The
monitor circnit 1744 desirably communicates with one or
more sensors (e.g., lemperature) 1730 which moniwr the
operation of the cantery element. The contral circuit 1746
may be connected (o the monitoring circuil 1744 and 1o the
current source 1760 in order to adjust the ourpur level of the
current driving the cautery element based upon the sensed
condition {c.2. upon the relationship between the moenitored
temperature and a predetermined temperature set point).

The procedure for performing gonicclomy  with the
goniectonly cauterization probe of an embodiment of the
present invention is similar o a wraditional goniotomy sur-
gery, as previously described. The surgeon preferably sits on
the tewpor] side of the uperuting rovm tuble viilicing au
operating microscope. The patient’s head is rotated 45°
away from the surgeon after a retrobulbar igjection has
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anesthetized the cye. A knile, preferably 20 gauge. is used w0
make a clear corneal temporal incision, The gonieclomy
instrument is mserted into the anlerior chamber up o the
infusion slecve © maintain the intraocular pressure and
deepen the anterior chamber. ‘The surgeon positions the
gonio lens, preferably a Schwann-Jacobs lens or a modified
Barkan goniclomy lens, on the comea. The goniectemy
probe is advancad to the trabecular meshwaork. The sharp
erdd point of the foelplate incises the middle one third of the
trabecular meshwork, which is known as (he pigmented
portion of the trabecular meslnwvork. The footplate 721 (FIG.
7} is lurther imsered into Schlemm®s canal. The caulery
clement is activated, preferably by a footplate. which may
also be used o activate irigation and aspiration The current
provided o the cautery element heats the tissue. The instru-
menl is slowly advanced hrough the trubecular meshwork
maintaining the [bolplate 721 in Schlemm’s canal. (ceding
the pigmentad trabacular meshwork inte the apening of the
instrument where the Gssue removal oceurs, The instrument

ta
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rotatable drive shall is inseried into a hore formed in the
distal face of the drive member.

The clongale rolalable drive shalt 1944, 2044 passes
Jongitudinally through the probe and terminates, at its distal
end, in a culling head 1945, 2045. A proleclive wbular
shcath may be disposed about the rotatable shaft. The
rolatable shall andfor sheath are axially movable so as o
allow the cutling head o be aliernately deployed in a) a [irst
pen-operalive posilion wherein the culting head is fully
located within the inner bore of the tubular sheath so as ©
he shiclded during insertion and retraction of the instrument
orb) a second operalive position wherein (he cutting head is
advanced out of the distal cnd of the sheath so as to contact
and remove lhe trabecular meshwork. “the euliing head
1945. 2045 may be conligured such thal rotation ol the head
will create and sustain a foreed circulation ol [luid within the
meshwork. Such loreed circulation causes the trabecular
meshwork 10 be pulled or drawn into contact with the
rolating. cutling head, withowt the need [or signilicant axial

is advanced until no further tissuc can be removed inferiorly. 20 movement or manipulation of the probe while the cutting
The tissue may also be aspirated through the probe, thus head is rotaling.

substantially removing a portion of the trabecnlar mesh- A control pedal may be connected to the motor-drive
work. The mstrument may be rotated in the eve and rein- system 10 induce actuation/deactuation, and speed conirol of
troduced inwo Schlemm’s canal where the initial incision the rotatable drive cable within the drive cable assembly by
began. The superior portion of the wrabecular meshwork is 25 the operator. Additional switches or control pedals may be

then removed using cautery and aspiration. In a preferred
embaodiment, a substantial portion. preferably at Icast half,
ol the trabecular meshwork is removed. 'The corneal inclsion
is preferably scaled by injecting a balanced salt solution into
the comcal stroma or by placing a suture. The anlerior
chamber is reformed. A visceolastic substance may be
utilized to maintain the anterior chamnber with the initial
incision and al the end of the surgery.

Trabeculodialysis. Trabeculodialysis is similar to gonice-

tomy; therelore, @ gonicclomy cauterization probe may also

be used to perform trabeculodialysis. The procedure for
performing a trabeculodialysis procedure with a cauteriza-
tion probe is similar w the trubeculodialysis procedure
previously described. However. rather than cutting the tissue
wilh a knife. the Lissuc is ablated with the probe. Similarly,
in a preferred embodiment. a substantial portion, preferably
at least hall, of the trabecular meshwork is romoved.
Goniectomy Cutting Probe. Another preferred embodi-
ment of'a goniectomy cutting probe, nsed to cut and remave
trabecular meshwork. is shown in FIG. 18. The probe
comprises a handle 1805 and a probe tip 1810. Preferably,
the handle is 20 gauge and the probe ip is approximately 25
gauge. The handle 2405 is sized and configured to fit
completely and comloriably within a hand. The handle 24035

may be formed of a varicty of materials. including plastics, 5

and may he designed in a variety of shapes. Generally, it will
be preferred that a convenient shape for pripping, such as a
cylindrical shape. be provided. The probe tip 1810 further
comprises a ooiplaie 1820, protecting endothelial cells and

collector channels lining the scleral wall of Schlemm’s :

canal. The [ootplate 1820 also serves as a guide in
Schlemun’s canal. The sharpened end of the footplate is used
1o penetrate the trabecular meslwork.

TIGS. 19-20 show scctional views of different cmbodi-
ments of the internal components and construction of the
probe 1800, The probe is cenligured 10 define therewithin a
hollow inner chamber. A drive member. coupled to a rotat-
able drive cable within a drive cable assembly. extend into
the hollow inner chamber. as shown. A rotatable drive shaft
1944, 2044 is rolutbly connecled ur engaged 1o e drive
member. such thar the shaft may be rotatably driven at
speeds required for the trabecular meshwork removal. The
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provided lor triggering and acluating irigation and/or aspi-
ration of flnid and/or debris through the prabe.

‘The probe ol IR 19, shows the probe 1900 having two
scparate lumens. 1922, 1924, for irrigation and aspiration.
The hollow passageway 2022 extending longitudipally
through the probe of FIGH 20, containing the rotatable drive
shaft. is in fluid communication with an irrigation pump (not
shown). By such arrangement. a flow of irrigation uid may
he infused through the mbe. A separate lamen 2024 is also
provided lor aspiration.

The independent processes of irrigation and aspiration
may be pertormed sinmbtaneonsly with the rotation of the
head or while the head 1s In & non-rotating. stationary mode.
Tt will also be appreciated that the infusion and aspiration
pathways may be reversed or inlerchanged by altemately
comecting the aspiration pump to the irtigation mabing and
irrigation pump to the aspiration lubing.

Tn an alternative embodiment, as shown in TIGS. 21-23,
the probe cuts tissne in a gnillotine tashinn, As shown in
T1G. 21. the probe 2100 may inchade an inner slecve 2144
that moves relative to an outer sleeve 2146. The sleeves are
coupled 1o the handle. The inner sleeve 2144 may be couplad
to a vacuum system which pulls tissue into the port 2128
when the inner sleeve 2144 moves away [rom the port. The
inner sleeve 2144 then moves in a reverse direction past the
onter port to sever Tissne in a gnillotine fashion. The vacimm
system draws the severed tissue away from the port, so the
process may be repeated. The inner sleeve may be connected
0 a diaphragm and a spring, rigidly anached w the handle.
The diaphragm is adjacent to a pnewnatic drive chamber
that is in fluid communication with a source ol pressurized
air {not shown). The drive chamber is pressarized. expand-
ing the diaphragm. Expansion of the diaphragm moves the
inner slecve so that the tissue within the port is scvered by
the sleeve. Alternatively, the inner sleeve 2144 is driven by
a molor located within the handle. The inner sleeve 2144 is
coupled to the motor by a rotating lever mechanism or
wobble plate. inducing an oscillaling translational move-
ment of the sleeve in response 10 a rotation of the output
shafl, The motor is preferably au electricsl device coupled
an external power source by wires that are attached to a
conrrol system at the handle,
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TIG. 22 shows an embodiment wherein the irrigation
lumen 2222 conlains the culling sleeve 2244, Culling sleeve
2244 has a culting blade 2245 integrally lormed al its distal
end. FIG. 23 shows an alternative embodiment. wherein the
irrigation lumen 2322 does not contain the culting sleeve, An
aspiration hanen 2224, 2324 is alse provided. The aspiration
line may be direcily coupled lo an aspiration pump; the
irrigation lumen may be directly coupled o an irrigation
pump.

The procedure [or gonicctony with the gonicctomy cul-
ting probe is gimilar to the gonicetomy procedure discussed
lor the gonicctomy cauterization probe. Towever, ralher
than cauterizing the trabecular meshwork, the tissuc is cut
using a rotatable blade or cut in a guillotine fashion, and
subsequently aspirated. Tn a preferred embodiment, a sub-
slaniial portion, preferably al least hall, of the trabecular
meshwork is removed.

Goniectomy T.asar Probe. A laser probe 2400, as shown in
TIGS. 24a and 24b, is provided to ablate the trabeoular

meshwork. The probe 2400 compriscs a handle 2405 and a 2

probe tip 2410. "The handle 2408 is sized and conligured w
fit completely and comfortably within a hand. It will be
undersiood that the handle 2405 may be formed from a
variely of materials, mcluding plastics, and may be designed
in a variety of ghapes. Cienerally, it will be preferred that a
convenienl shape [or gripping, such as a cylindrical shape,
be provided. The main body of the handle 2405 compriscs
a plastic housing within which a lascr system is contained.
The plastic housing is provided to enable casy manipulation

ol the handle 2405 by the vser. The laser is preferably an 3

excimer laser.

FIG. 244 shows an embodiment wherein the laser source
is contained within the probe. but rather within the control
system. A fiber 3s provided to dircet the light encrpy trom the

source 1o the proximal end of the probe tip. The laser 33

radiation is generated in clese proximity 1o the cye. so that
relatively little laser light is lost during transimission.

TIG. 24b shows an embodiment wherein the laser source
is not contained within the probe. The source may include a
longitudinal Mashlamp. A fiber is provided 1o direct the light
energy from the sonrce to the proximal end of the probe tip.

The probe tip 2410 is connected 1o the main body 2403,
The probe tip comprises a footplate to protect the ourer wall
of Schlemm’s canal, such that only the tissue of the trabe-
cular meshwork is cauterized. The tootplate also is nsed to
penetrate the trabecular meshwork and serves as a guide 1n
Schlemm®s canal. Tn general, the probe tip 2410 is straight
or curved.

TIG. 25 shows a delailed view ol FIG. 24a. The handle

inchades a reflective tbe 2508 which has a mirrored inside 5

snrface. An Er: VAG rod 2513 is located along the axis of the
tubc 2508. The pump for the laser light source is preferably
a hiph pressure flashtube 2512 or a similar suitable Light
source which is located adjacent the rod 2513 within the

reflective ube 2508. The tlashtube 2512 produces very brief, 33

intense lashes ol light, there being approximately 10 1o 100
pulscs per sceond.

ErYAG rods generate an output wavelength of approxi-
mately 2.94 microns. Use of an crbiwn doped lascr, such as
an Fr: YAG laser. is advantapeous becanse it requires less
power 10 ablaw the eye tissue than do the Nd: YAG and
Holmium:YAG lasers of the prior art. Preferably the Fr:
YAG lascr has a pulse repetition rate ol 5 10 100 1Tz, a pulse
duration of 250 us 1o 300 us. and a pulse energy of 10 to 14
mJ per pulse, Usiug wn Br: YAG luser al the abuve puram-
eters limits the thermal damage of surrounding, tissue to a
depth of 3 10 50 microns. By reducing the thermal damage
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ol surrounding tissue. the amoum ol scar lssuc buildup
caused by the laser is minimal, Thus, the likelihood that the
passageway will become blocked with scar tissue 1s reduced,
and the likelihoad that the procedure will noed to be repeated
is reduced.

The reflective inncr surface 2546 of the tube 2508 serves
to reflect light rom the Dashlamp 2512 (o (he rod 2513,
Rellection of the light by the cylindrical mirror focuscs as
much light as possible loward the rod 2513, "Lhis resulls in
eflicienl coupling betwoeen the light source 2512 and the
lascr rod 2513, Thus. cssentially all Hght gencrated in the
Nashiube 2512 is absorbed by the laser rod 2513.

The red 2513 has a totally reflective mirror 2514 and
oulpul mirror 2517 at its 1wo ends. The mimror 2514 al the
proximal end ol the rod 2513 provides 100% reflection of
light buack 1o the rad 2513, Al the remele end ol the rod 2513,
the output mirrar 2517 provides less than 100% reflection.
Thus. while most of the light enerpy directed toward the
output mirror 2517 ol the rod 2513 s reflected back into the
rod 2513, intensitying the beam. some of the waves of
energy pass (hrough (he output mirror 2517 and into the
trarsmission system 2511 for conducting it toward the probe
lip 2515. A reflective coating on the end of (he laser rod 2513
may be used W supplement or replace the mirrors 2517,

s 2514.

The mirrors 2517, 2514 on cither end of the rod [orm a
rescnator. Radiation that is dirceted straight along the axis of
the rod 2513 boeunces back and lorth belween (he mirmors
2517. 2514 and builds a swong oscillation. Radiation is
coupled out through the partially transparent mirror 2517

The transmission sysiem 251 is prelerably an optical liber.
Preferably, a sapphire or fused silica fiber will be used with
the laser, contained within the handle. A germanium exide
Type TV fiber is also suitable for carrying crbium lascr light
wilh reduced atienuation. 1t is also possible to deliver laser
light through hollow wavegmides. Such waveguides often
inclnde multi-layer dielectric coatings 1o enhance transmis-
sion.

FIG. 26 shows a detailed view of one emhodiment of a
probe tip 2600. in which the [iber 2610 is centrally locawed
within the probe tip 2600,

Allermalively, the probe lip may be bollow, [orming an
aspirationfirrigation lumen (net shown). The lunien extends
the entire length of the prohe. Alternatively. as shown in
T1G. 27, the hanen 2722 may cxtend adjacent the probe tip
2710. The aspiration lumen 2722 communicates with a
vacuumn source [or withdrawal of cmulsiliecd material
through an aperture or aspiration port. Thring use, the
vacuum source can be employed 10 aspirale material which
has hecn fragmented or ablated by the pulsed laser light. The
vacnum souree can alsa he nsed to draw the tissue into close
proximity with the delivery end of the probe thereby facili-
tating its destruction. Fhuid introduced through the hamen,
chamber, and aperture can provide for Qushing of the sie
and replacement of lost volune due to removal of the
emulsilicd maerial.

The probe s inscried under dircet vision to ablate the
trabecular meshwork for wse in weating glavcoma. thus
obtaining a frec tlow of aqueous from the anterior chamber
into Schlemm's canal and through the collector channels.
The end of the probe is inscrted through a relatively small
incision in the eve. and can be maneuvered very close 1o the
tissue to be emulsilicd.

The procedure is similar 1o the poniectomy procedure
previously discussed will reference o the pomeciowy cau-
terization probe. The surgeon visualizes the trabecular mesh-
work under direct microscopy and engages the superficial
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layers of the meshwork at the midpeint of the trabecular
band, by placing the tissue between the end 2521 of the (iber
2511 and the probe tip (footplale) 2519, Once inseried, the
fiher 2511 is positioned 10 locus laser energy directly on the
trabecular meshwork. The probe tip 2519 absorbs any laser
energy which is not absorbed by the rabecular meshwork,
thus protecting Schlemm’s canal from damage. T.ight is
trausmitled w and through the probe, and the Ussue is
ablated. The arca may be irrigated and aspirated. removing
the tissuc from the cye. Tn a preforred embodiment. a
substantial portion, prelerably at least hall, of the wabecular
meshwork is removed, Aler wealmeny, the probe is readily
withdrawn from the cye. T.cakage may be stopped using a
sulure and burying the knot.

TLaser wreatment with an TrVAG laser is advantageous
becausc as wavelength increases, contignous thermal effeets
decrease. In the visible portion of the spectrum, waler has
minimal absorption. Abeve 2.1 pun however. this absorption

increases 10 a level comparable to excimer lasers operating »

around 200 wn. This increase is quile rapid. A marked
difference theretore exists between radiation at 2.79 pm and
2.94 pm. ‘This conlines the energy delivered 1o o smaller
volume, allowing more ablation 0 occur at lower total
enerpy levels and lmiting contignous therimal damage. Fr:
YAG lasers produce ablations with minimal amounts ol
contiguous thermal damage. Light in the infrared region has
an additional advantage over ultraviolel radiation in that it is
net known to have mutagenic or carcinogenic potential.

Due o the large absorplion band of the waler at ihe
wavelengih ol the erbium laser. no formation ol siicky
matetial on the probe tip takes place, which can be a seriouns
problem al other wavelengths.

Schlemmectomy (anterization Probe. Schlemmectomy is

a new surgical procedure, similar o trabeculotomy. Tlow- 33

evel. in a schlemnectomy. procedure, disrupted tissuc is
removed using a schlemmectomy cauterization probe. FIG.
28 illustrates a probe 2800 in accordance wilh Lhis invention
for removal of the trabecular meshwork, using, a cautery
clement 2830 on a probe similar (o a traditional trabeculo-
tome, such as Harm’s trabeculotome. The probe uses both
cautery and mechanical disruption o ablate the (ibers of the
wabecular meshwork, lcaving a patent open Schlemm’s
canal.

The probe 2800 compriscs a handle 2805 and a probe tip
2810. The proximal end of the handle is adapted for mating,
with a conneclor 2812 (o the oulput werminals of an cnergy
source 2860,

The probe also includes clectrical leads 2934 (TG, 29), a

power cable 2808, proforably a coaxial cable, and an actua- 3

tar. These components extend from the handle 2805, throngh
an clectrical lead himen 2932 (TG, 29 in the probe shaft
2805, to the corresponding components of the probe 2800
disposed on the distal end. The preximal ends ol the cables

and lumens connect to the corresponding connectors that 5s

extend from the distal end of the probe handle 2805,

FICGS. 29a- illustrate onc probe tip configuration. The
probe tip 2010 comprises two parallel arms 2920, 2950, The
probe tip 2910 comprises an clectrode 2930, which will be
described in further detail below, disposed on the lower arm
2920. The probe Lip 2910 comprises an clectrical lead lumen
2932 which extends the length of the probe tip 2910 from the
clectrode 2930 through the cylindrical hody 2802 10 the
connector of the probe handle 2812. (FIG. 28)

FIG. 30 shows u preferred embodiment of a probe 3000.
The probe of FIG. 30 is similar to the probe of FICi. 28,
except that probe 3000 further comprises irrigation means.
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Trrigation may be provided by an irrigation pump 3080 or
hydrostlatic pressure [rom a balanced salt solution bottle snd
tubing.

In a preferred embodiment. as shown in FIG. 314, the
irrigation lumen 3122 is situated at the end ol the probe.
Trrigation under pressure flushes klood from the cye and
expands Schlemm’s canal and the anterior chumber, provid-
ing more room [or the procedure. Alwmatively, lumen 3122
provides for aspiration by connecling the lumen 1o an
aspiralion pump. Aspiration ports may be provided cquidis-
tantly along the length of the cauterizing clement of the
trabeculotome, as shown in 'l 3154, In an embodiment, as
shown in TIG. 3¢, two lumens are provided, an irrigation
lumen 3122 and an aspiration lumen 3124, ‘lwo scpurale
lumens provide [or simultancous irrigation and aspiration.

With reference 1o the schlemmectomy probes of FIGS. 28
and 30. the handle 2805. 3005 may be made of an ¢lecri-
cally insulating pelymeric material, configured in a peneil-
shape form having a cylindrical body region 2802, 3002 and
a tapered forward region 2804, 3004. Although a peneil-
shape conliguration is prelerred. it is noled that any con-
figuration of the handle 2805. 3005 which is casily, com-
Lortably and convenicnlly grasped by the operator will also
be suiable and is comsidered Lo ke within the scope ol the
present invention.

The probe tip 2810, 3010 is connected w0 the main body
of the handle 2805. 3005, The cautery clement 2830, 3030
al the distal end ol the probe tip 2810, 3010 can have a
varicty of configurations.

The lip 2810, 3010 may be any material, such as titanium,
brass. nickel, aluminum, stainless stoel. other wypes ol sieels,
or alloys. Alternatively. non-metallic substances may also be
used. such as certain plastics. The Gp may be conduclive or
nen-conductive, depending on the specific cmbodiment, as
will be discussed. :

FIGS. 32a and 325 show alternative distal probe tip
confignrations, wherein the second electrode 3230 extends
along the entire length ol the first clecrode 3220. The probe
tip 3210 may be curved to better maneuver within the
anatomy ol the eye. The malleable probe Lips can he con-
figured as straight. angled or curved. for example. which
provides [or oplimal access (o specilic analomy and pathol-
ogy. Unique tip designs improve tactile focdback tor optimal
control and access, and provide for improved tissne visnal-
ization with greatly reduced bubbling or charring,

Referring apain to the probes of FIGS. 28 and 30, the
probe tip 2810. 3010 compriscs an clectrode or caulery
element 2830, 3030, suitable for cautery, as known to those
ol skill in the arl. Various clectrode conligurations and
shapes may be suitable. The cautery clement 2830, 3030 is
any electrade that may provide ablation or coterization of
tissuc, such as a RT clectrode, an ultrasound transducer. or
any other snitable electrade. Alternatively. or in addition to
the R clecrode variations, the cautery clement may also
include other cautery energy rources or sinks. and particu-
larly may include a thermal conductor. Tixamples of suitable
thermal conductor arrangements include a metallic clement
which may, for example, be constructed as previously
described. In the thermal conductor cmbodiment such a
metallic element would be generally resistively heated in a
closed loop circuit internal o the probe, or comductively
heated by a heat source coupled to the thermal conductor.

The electrode 2830, 3030 may be provided on the inner
surface of the tip. Alternatively. the electrode 2830. 3030
iy be embedded in a sheads of  lube, Insulation may be
provided around the cantery element so that other areas of
the eye are not affected by the cauterization. A sleeve shield
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or a non-conductive layer may also be provided on the probe
lip lo expose only a selected portion ol the clectrode. The
sleeve preferably has sullicient thickness Lo prevent both
current flow and capacitance coupling with the tissue.

“The cautery clement can be made ol a number of dillerent
materials including, but not limited to stainless stecl, plati-
nun, elher noble metals, and the like The electrode can also
be made ol a memory metal. such as nickel titanium. The
clecirode can alse be made of composile construction,
whereby dillerent sections arc constructed [rom dillerent
materials.

In a prelerred embodiment ol an R clectrode, the clee-
wode system is bipolar. Tn a bipolar system. two clectrodes
ol reversed polarity are lecatad on the probe tip and RIY
energy bridges the clectrodes. Additionally, any number of
pairs of elecirodes may be provided on the probe tip.

Tn an altemative RT ¢lectrade ecmbodiment. the electrode
system is monopolar. Th a monopolar system, the system
comprises a single clectrode and a contacel plate. The contact

plate is anached to the surface of the human body. The 2

contacl plale is (lurther connecled Lo the relum ermina of
the power source via a lead wire. Voltages of reverse polarity
are applied 10 the clectrode and the contact plate.

Tn a prelerred emboediment. as shown in FIGS. 332 and
33k, an electrode assembly of a bipolar probe includes one
clectrode 3320 made from a stainless steel 20 gauge hollow
needle and a sccond clectrode 3330 forimed as a layer of
electrically conductive material (such as silver or nickel)
deposited over and adhered te an exterior swiace of the
needle clectrede. Athin electrical insulator 3324 separates
the clecrodes 3320, 3330. along their lengths 1o avoid short
cireuiting,.

The clectrodes 3320, 3330 extend along a longitudinal
axis 3372 of the instrument from a proximal region at which
hipolar ¢lecirical power is applied (o a distal region ol the
clectrode asscinbly.

Tn a preferred embodiment. the second electrode 3330
extends over a limited portion ol the circumlicrence of the
first electrode 3320. rather than entirely around the fimst
clectrode 3320, Current flows rom the relatvely small
portion of the circumterence of the second electrode 3330
where heal is gencrated in the adjacent tissue, and into the
layer surface of the first clectrode 3320, where little heat is
generated. This limits the area in the hody that receives
dense current. and provides the operator with a high degree
of control as 1o where the curremt is applied. The second
clecinxde 3330 cxiends over an are of approximalcly one
quarter of the circumterence of the first electrode. The
second clectrode 3330 1s disposed symmelrically aboul an
axiz 3372.

Th a preferred embodiment, the first electrade 3320 has a
central passage 3322 that is open at the distal region,
providing for irrigation. The irrigation lumen 3322 extends
[rom 1he distal end ol the probe tip, through the probe

handle, 1o the connector, providing for irrigation capability. 55

TIG. 34 shows an allernative embodiment. wherein the
clectrode assembly includes a central or axial clectrode 3420
formed by a solid cylindrical metal member, and an elongate
hollow outer clectrode 3430 formed by a eylindrical metal
mbe member, which iz coaxially positioned around the
ceniral clectrode. The eylindrical ouler surface of clecirode
3430 forms the circwnferential surface of the probe. The
outer electrode 3430 is preferably made ol stainless stecl or
other corrosive resistant. conductive material for strength as
well us conductivity, The inver electrude 3420 way be wde
of copper, but less conductive materials may also be
emploved. The coaxial relationship and spacing between the
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clecirodes. as well as their clectrical iselation from one
anoher, is provided by a wbular sleeve 3424 of an clecird-
cally insulating malerial between the clecirede, compleiing
the probe assembly. An additional layer of insulation 3434
may be provided on outer clectrode 3430 (¢ exposc only a
limited portion of the clectrede 1o concentrate RTF encrgy at
the limited exposed megion

Altlernatively, one or more regions of insulating arca 3434
may be removed al any suitable location along the axis W
expose 4 region of electrode 3430, Cauterization would then
occur at the cxposed region. The circumtcrontial extent of
the second clectrode 3430 can be Jurther limiled, depending
on the degree of control desired over the size of the area to
which current is applicd.

In an aliermative embodiment as shown in FIGS. 38 and
355, the active region ol a bipolar elecirode probe assembly
is [ormed by a hollow metal tube 3513 having a subsiantially
semi-cylindrical sleeve 3524 on mbe 3515. The metallic
tube 3515 is not an elecrode and is provided only Jor the
strength of the probe asscmbly. The tip supports two cautery
clements 35240, 3530. 1'ach of the clements 3520, 3530 is
connected w0 clectrical leads, which extend through the
hellow interior of the lip 3510 1o 2 supporting insulailive
handle where it is coupled by approprialc means with a
power source i the manner previously described.

The probe is comecled Lo a low voltage RT power seurce
via a powcer cord that mates with the handle. The source may
be a high lrequency, bipolar powoer supply, prelerably, a
solid state unit having a bipolar cutput continuously adjust-
able belween minimum and maximum power seltings. The
source Is activated by an on/oll switch. which may comprise
a foot pedal. or a button on the probe or interface. The source
provides a relatively Jow bipolar oulput voltage. A low
valtage source is preforred w0 avoid arcing between the
clectrode tips, which could damage the eye tissuc. The RIY
gencrator is coupled 1o first and sccond clectrodes to apply
a biologically safe voltage to the surgical site. This probe hags
the advantage of cauteriving at hoth ol the bipolar clements,
each of which has a limited. RF current concentration area.

Delivery of energy © the tissue is commenced once the
cautery element is positioned at the desired location. Fnergy
is typically delivered o the caulery clement via clectrical
conductor leads. The cnergy source preferably provides RT
energy, it is not limited to RF and can inclnde microwave,
clectrical, ultrasonic. coherent and incoherent light thermal
transter and resistance hearing or other forms of enerpy. as
known 10 these of skill in the art.

The cautery actuator may inchide a monitoring clrcuit
1744 and a control circuit 1746 (I'1G. 17) which logether use
cither the clectrical parameters of the RF circuit or tissuc
parameters such as temperature in a teedhack control loop to
drive cwrrent through the clectrode clement during cauter-
ization. Feedback control systems can be used to obtain the
desired degree ef heating by maintaining the sclecied sight
at a desired temperamare for a desired time. A sensor, such as
a thermocouple may be used o monilor lemperalure in a
feedback loop. Where a phurality of cautery clements or
electrodes are used. switching capability may be provided to
multiplex the R current source between the varions cle-
ments or electrodes.

TIG. 17 shows the monitor circuil 1744, which desirably
communicates with one or maore sensors (e.g., temperature)
1740 which monitor the eperation of the caulery clement
1730. The control circuit 1746 may be connected 1o the
wonitonng cireuil 1744 and 1o the current source in order o
adjust the ourput level of the current driving the cautery
elemenr 1730 based upon the sensed condition (e.g. upon the
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relationship between the monitored wemperature and 4 pre-
determined temperature sel poinlt),

Clircuitry, sofliware and feedback o a controller, which
result in full process control. may be used to change (i)
power including RI, incoherent lighl, microwave, olira-
sound, and the like. (i) the duty cycle, (iit) monopolar or
bipolar cnergy delivery, (iv) Huid (clectrolyle selution deliv-
ery. llow ruie and pressure) and (v) determine when ablation
is completed through lime, emperature andfor impedance.

Tn a prelerred embodiment, a bipolar ¢lectrode is part of
a circuit that inchudes the RF signal gencrator, ecnnceting,
cables, probe tip lor insertion inlo the cye, a grounding
clectrode attached to the probe and a retarn cable that
conneets the grounding clectrode o the RLY generalor com-
pleting the circuit. Because such a RT electrode is a rela-
lively good cenducler, the clectrode itsell does not heat up.
The tissues Lhat the electrode comes in contact with heat up
in response to current passing trom the electrode through the
tissucs. The tissue heats up because it is a relatively poor
conductor as camparcd o the rest of the circuit. Tt is when
the tissues heal up as a resull ol melecular [riction, that heat
is then conducted back o the clectrade itsclt. At that point,
a thermocouple senses the merease in temperature and
supplics that information to the RF generalor so that the
feedback mechanisim can attenuate the energy delivered 1n
order 10 allain lemperature control.

Tt may also bc advantageous to regulate RF delivery
through both temperature and impedance monitoring. I may
also be advantageous to monitor irrigation fluid flow w©
maintain ¢larity a1 the site. There is also @n opportunity for
synergy between RT and irrigation luid delivery to the
surgical site to provide, for example, a greater level of
control ol lemperawres al the site.

The controller may include an RF gencrator, temporature

prolile, temperature regulator, emperature monilor, surgical 33

insuwnent, impedance monitor, impedance regulator, pump,
flow regulator and flow monitor.

The RTF generalor may be capable of delivering monopo-
lar or bipolar power to the probe. The probe is positioned at
the surgical site. The impedance monitor oblains impedance
measuremeants by, for example. measuring current and volt-
age and perlorming 1 RMS caleulation. The measurcments
of the impedance monitor anc delivered to the impedance
regnlator. The impedance regulator performs several fune-
tions. (fencrally the impedance regulator keeps the imped-
ance levels within acceptable linits by controlling the power
supplied hy the RT generator. Tn one embodiment of the
current invention the impedance regulator can control the
low regulator o deliver more or less irrigation [luid 1o the
surical site.

To maintain the appropriate temperamre for canterizing,
tissue, the distal tip of the probe may also be equipped with
a thermocouple 1740. Temperature teedback. in combina-
tion with & Liming device. permits a precise degree of cautery

10 be delivered. obtaining the desired effect without causing 55

any intraocular heating, The heating effeet on tissue may be
mitigated with a viscoclastic agent to deepen the anterior
chamber.

Referring to FIG. 17, the temperature monitor 1744 may
include one or more types of temperature sensors. e,
thermocouples, thermistors. resisive iemperature device
(RN}, intrared detectors. etc.

Suitable shapes (or the thermocouple include, but are not
limited to. a loop. an oval loop. a “T™ configuration, an S
configuration, a hovk conliguration or a spherical ball con-
figuration. These shapes provide more surface area for the
thermacouple without lengthening the thermacouple. ‘Lhese
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themmocouples, with more exposed area than a straight
thermocouple, are believed o have beller accuracy and
response tme. The thermaecouple is attached by a fastener.
The fastcner may be a head of adhesive. such as, but not
Timited 10, epoxies, cyanoacelate adhesives, silicone adhe-
sives. flexible adhesives. cte. Tt tay also be desirable to
provide mulliple (hermocouples at diflerent locations and
compare thelr operating parameters (c.2. response limes,
elc.), which may provide uselul information o allow certuin
such variables o be (iliered and thereby calculate an accu-
rate temperature at the thermocouple location.

‘The output of the temperature moniler 1744 is delivered
to the temperarure regulator 1746. The wemperature regulater
1746 may conlrol both the R1 generator 1768 and the low
regulator. When, lor example. wemperatures have inereased
beyond an acceplable limii, power supplied by the RIY
generator o the surgical instrument may be reduced. Aller-
nately, the temperature regulator may cause the flow regu-
lator to increase irrigation [luid, thereby decreasing the
temperature at the swrgical site. Conversely, the temperatare
regulator can inlerface with cither the R1F generator or the
flow regulater when measured temperatares do not match
the required temperatures, The flow regulator interfaces with
the punip to control the volume of irrigation [uid delivered
to the surgical site.

The procedure for perlorming a Schlemmeciomy wilh the
probe of the present invention is similar to a traditional
trabeculolomy procedure, as previously described. ‘The sur-
geon preferably sits on the temporal side of the aperating
room lable ulilizing ibe operating microscope. An infrolem-
poral fomix based conjunctival Nlap is made and the con-
junetive and Tenons capsule are mobilized posteriorly. A
triamgular flap is made and the superlicial flab is mobilized
inte the cornca. A radial incision is made over the canal of
Schlemm, . thus crealing an entrance inte the canal. Vanua
scissars are preferably introduced into the Schlemms canal,
opening the canal for approximately 1 mm on either side. A
clear comeal parenthesis is perlfonned and the anterior
chamber is deepened, preferably with Haelon (V. The probe
is introduced into Schlemm’s canal inferiorly. The instru-
ment iz now aligned such thar the cmmerization element
[aces inte the decpened anlerior chamber. Alternatively, the
cautcrization surface faces the trabecular meshwork and is
activated by the toot switch at the time of the rotation of the
prebe into the anterior chamber. The foet switch may then be
used 1o activate cauterization. Aspiration and irrigation may
also be activated using 1the Toor swilch. The rabeculotome is
slowly rotated into the anterior chamber and when the blade
ol the rabeculolome is seen in the anierior chamber, the
cautery (and aspiration and’or irrigation) arc deactivated.
The superior aspect of Schlemm’s canal may he entered with
a trabeculotome having the opposite curvature. Tollowing
the same steps, more of the trabecular meshwork is
removed. Tn a preferred embodiment, & substaniial portion,
preterably at least half, of the trabecular merhwork is
removed. Aller removing the trabeculotome, the superficial
trabeenlotomy flap is sutured closed using sutures.

Radiowave surgery uses high frequency radio waves
instcad of heat to cur and coagulate tissuc without the
burning etfect that is common with traditional electrosurai-
cal devices and cautery oquipment. The resistance of Gssuc
to the spread of radio wave energy produces heat within the
cell, causing the water within the cell 10 volatilize and
destroy the cell withour damaging other cellular lavers.

While particular fonos of (he ioventivn luve been
described, it will be apparent that various modifications can
be made without departing from the spirit and scope of the
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invemion. Accordingly, i1 is not inended that the invention
be limited, cxcepl as by he appended claims.

What is claimed is:

1. A device useable Lo ereate un opening in the trabecular
meshwork of the eye comprising:

an clongale surgical inslrument cemprising » probe shall

having a disial end and a longidinal axis: and

a loot member which comprises o platform on ihe distal

end of the probe shall. said platform having a tip. an
upper side, a lower sile and being sol &t an angle
relative to the lengitudinal axis of the probe shaft;

wherein the fool member is Insertable, lip Orsi, om a

position within the anterior chamber. through the tra-
becular meshwork, and into Schlemm™s Canal such that
the lewer side is next o the scleral wall of Schlemm’s
Canal and the upper side is nexl o the trabecular
meshwork: and

wherein, aller being so inserted in Schlemn’s Canal, (he

[ool member is then advancable. Lip [lirst. through
Schlemm’s Canal to [acilitale perlormance of a surgical
procedure using the surgical instrument.

2. A device according to claim 1 wherein the trabecular
meshwork slides over the upper side as the fool member is
advanced through Schlenun’s Cfanal.

3. A device according 1o claim 2 wherein a surface of the
uppet side of the feor member slopes upwardly from the tip
toward the shafl.

4. A device according (o claim T wherein the surgical
instrument is useakle to pertorm an ab interno procedure to
[orm an opening in the lrabecular meshwork.,

5. A device according to claim 4 wherein the surgical
instrumenl comprisces 4 gonieclomy probe.

6. A device according to claim 4 whercin the platform is
configured 1o protect collector channels which emanate from
Schiemm’s canal from damage during perlormance of the
surgical procedure.
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7. A device acconding o claim 1 wherein the bottom side
of the [oot member is ¢onfligured such that sdvencing the
ool member through Schlemm’™s Canal docs notl cause
clinically significant damage o colleclor channels which
emsnale [rom Schlemmm’s Canal.

8. A mathod lor perlorming a surgical procedure within
the cye of a subject, said method comprising the steps of!

A) oblaining or providing a device according 1o any of
claims 1 threugh 7;

B) forming an opening into the anterior chamber of the
eye:

() inscrting the surgical instrument, distal end (irst,
through the opening and into the anteror chamber of
the cye;

1) inserting 1he [oot member, tip firsy, [rom a position
within the anterior chamber. through the trakocular
meshwork, and into Schlemmt’s Canal such that the
lower side 1s next to the scleral wall of Schlemm’s
Canal and the wpper side is next (o the trubecular
meshwork; and. therealter,

F) advancing the foot member through Schlemm®s Canal
o [cilitale perfonnance ol the surgical procedure
using the surgical instnuncnt. ‘

9. A method according Lo claim 8 wherein the surgical
procedure comprises torming an apening in the trabecular
meshwork,

10. A method according (o ¢laim 9 wherein the trabecular
meshwork slides over the upper side as the foot member as
the fool member is advanced through Schlemm®s Canal.

11. A device according to claim 10 wherein the trabecular
meshwork shides over a surlace of the upper side ol the Toot
member which slopes upwardly from the tip toward the
probe shall.
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DUAL BLADE OPHTHALMOT.OGIC
SURGERY DEVICE

RTT.ATTD APPTICATIONS

‘This application is a continuation of copending U.S. patent
application Ser. No. 14/481,754 filed Scp. 9, 2014 and issued
as U.S. Pat. No, 9107729 on Avp. 18, 2015 which is a
division of U.8. putent application Ser. No. 13/159,356 [iled
Jun. 13, 2011 and currenily gbandoned, which is a division of
TS, patent application Ser. No. 10/560,267 filed May 11,
2006 and issned as .S, Pat. Na. 7.959.641 on _nn. 14,2001,
whichisa 35 U.S.C. §371 national stage of 1>C1 International

Patent Application No. PCT/TIS2004/018488 filed Jun. 10, .

2004, which claims priority to U.8. Provisional Patent Appli-
cation No. 60/477.258 filed on Tun. 10, 2003, the entire dis-
closure ol tach such prior patent and application being
expressly incorporated herein by reference.

BACKGROUND OI" 111 INVENTION

There are numerous medical and surgical procedures in
which it is desirable 10 cul and remnove u sidp of Gssue of
conirolled width [rom the body of a humin or velerinary
patient. For example, it may sometinies be desirable to form
anincision of a controlled width (e.2.. anincision that is wider
than an incision made by a typical scalpel or cutting blade) in
the skin. mucous membrane. tumor. organ or other tissue ora
humam or animal. Also, it may sometimes desirable lo remove
a strip or quaniily ol tissuc rom the body of a human or
animal for usc as a hiopsy specimen, for chemical/biological
analysis, for retention or archival of DNA identification pur-
poses, ele. Also, some surgical procedures require removal of

w strip oltissue ol a huown width frow un suatvmical location

within the body ol a patient.

One surgical procedure wherein a sirip of Ussue ofa known
width is removed from an anatomical location within the
bady ol a patien! is an ophthalmological procedure used to
treat glaucoma. This ophthalmological procedure is some-
times referred to asa goniectomy. 1n a goniectomy procedure,
a device that is operalive o cut or ablate a strip of tissuc of
approximately 2-10 mm in length and about 50-200 um in
widtl i3 inserted into the anterior chamber of the eve and used
10 remove a lull thickness strip of tissue (rom the rabecular
meshwork. The trabeeular meshwork is a looscly arganized,
porous nelwork ol lissue thal overlies a collecling canal
known as Schlemm’s canal. A luid, known as aquoous
Tmor, is continvally produced in the anterior chamber of the

eve, In normal individuals, aqueous humor dows through the s

trabeeular meshwork, into Shlemm®s Canal and out'of the eve
through a series of ducts. ln patients who suffer from glau-
coms, the dranage of agueous humor from the eye may be
impaired by elevated flow resistance through the trabecular
meshwork. thereby resulting in an increase in intraccular
pressure. The goniceliomy procedure can resiore normal
drainage of aqueous humer from the eye by removing a full
thickness segment of the trabecular meshwaork, thus allowing,
the agucous humor 1o drain through the open arca Irom which
the sirip of trabecular meshwork has been removed. The
gonicetomy procedure and cerlain prior arl instrumenis use-
able 10 perform such procedure are described in U8, palent
application Ser. No. 10/052.473 published as No. 2002/
01150841 (Bacrveldl). the entirely of which is expressly
incorporated herein by reference.

Al present there remains a need n the art for the develop-
ment ol simple, inexpensive and accurate instruments uscable

o

¢

i

3¢

40

60

2

to perform the goniectomy procedure as well az other proce-
dures where il is desired 1© remove a strip ol lissue [rom a
larger mass of Lissuc.

SUMMARY OF TTILE INVENTION

The present invention provides u device [ur cutliug » slip
of issue of approximale widih W [rom a mass of lissue. The
device generally comprises @) an elongate culting tube that
lhas a distal end and a lumen that opens through an opening in
(e distal end and b) frst und second cutling <dges formed on
generally opposite edges of the distal end of the cutting Tube
and separated by a distance T). The cutting tube is advance-
able through tissue such that the first and second cutting edees
will cuta strip of tissuc having approximare width W. wherein
the approximate width W is approximately equal to the dis-
anee between the [irst and sceond culting edges. In some
embodiments, the sirip of tissue may be aspirated or other-
wise removed through the lumen of the culler tube, In some
embodiments, the device may include apparalus uscable 1o
sever (e.g., transversely cut or franseel) the sirip of ssuc
when (he sirip of tissue has reached a desired lengih.

Further in accordance with the invention there is provided
a methnd for entting a strip of tissne of width W fram 2 tissue
mass. 1his method generally comprises the steps of a) pro-
viding a device that comnpriscs 1) an clongate cutting tube that
has a distal end and a lumen that opens through an opening in
the distal end and ii} first and second cutting 2dges formed on
generally opposile edges of the distal end of the cutting wbe
and separated by a distance 1) that is approximately equal to
the width W ol the sirip of tissue (o be cut; and b) advancing
the distal end of the cutting tube through the mass ol tissue
such that the firstand second cutting edpes cut a strip of'tissuc
of approximale widlh W, 'urther aspects and elements ol the
invention will be undersiood by those ol'skill in the art upon
reading, the detailed description of specific examples set forth
herebelow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a system incorporating a
needle cutting device of the present invention.

T1G. 2 is an enlarged perspective view of section 2 of TIG.
1.

FI1GS, 3A-3D show various steps Ina method lor manulac-
luring a needle cutler ol the present invention.

LIG. 4 is a side view ol'a distal portion of a needle culter
device of the present invention being used 10 cut a strip ol
lissue of approximate width W.

FIG, § i u perspective view ol thwe distal portion ofa needle
cuter device of the present invention incorperating apparatus
for severing a strip of tissne cut by the needle cutter device
after the strip of tissue has reached a desired length.

FIG. 6 is a side view of the distal portion of another
embodiment of a needle cutter device of the present invention
having a plumality of enrves or bends farmed in the entting
be.

DETATLID DESCRTIPTION

The [ollowing detailed deseriplion, and the drawings 1o
which it relers, are provided lor the purpose ol describing and
illustrating certain preferred embodiments or examples of the
invention only, and no aticmpt has been made 10 exhaustively
describe all possible eimbodiments or ecxamples of the iwven-
tion. Thus, (e following delailed descriplion and the accom-
panying drawings shall not be construed Lo limit, in any way,

IPR2020-01573
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the scope of the claims recited in this patent application and
any patenifs) issuing there(rom.

One example of a needle cutter device 10 of the present
invention is shown in FIGS. 1-4. This needle cutter device 10
generally comprises an clongale culling tube 14 (hat has a
disial end and a lumen 27 1that opens through an opening in the
distal end. irstand second culling edyes 20, 22 are lormed on
generally opposile edges of the distal end ol the culling wbe
14. Ihese first and second cutting edges 20, 22 are separated
by u distauce D, us shuwn o e distal end view ofFIG. 38, In
the particular example shown in the drawings, the first and
second cutting edges 20, 22 are located an opposite |ateral
sides of the distal end of the cutting tube 14 and a bhunt,
protruding tip 24 is located on the bottom: of the distal end of

the cutting tube. Also. a blunt edge 26 is located at the top of” -

the distal cnd of the cutting tube 14. Thus, only the lateral
cutling edges 20. 22 are sharp and inlended Lo cul tissue. The
bhuit, protruding tip 24 can, in some applications, be config-
urad and used to Lacililale insertion of the device 10 o dis
intended location and/er the blunt protruding Gp 24 may be
placed in an anatomical or man made grove or chuannel (e.g.,
Schlemm’s Canal ol the eye) such that it will then advance
throvgh the channel or grocve and guide the advancement and
positioning of the relainder of the device 10,

One or more bends or curves may oplionally be lonmed in
the cutting tube 14 to facilitate its use forits intended purpose.
For example. in the embodiment of the device 10 shown in
FIGi. 2, a single bend 17 of approximarcly 90 deprecs is
formed near the distal end of the cutting tube 14, In the
cembodiment of the device 104 shown in Il 6, lwo scparale
hends olapproximaiely 90 degrees cach are formed al spaced
apart locations on the cutting tube 14, therchy giving the
culting tube 14 a generally U shaped conliguration. It will be
approcialed thal any number of bends or curves, in any diree-
tion and of auy veverily may be [ormed in the cutling tube 14
10 Lacilitate its use in speeilic procedures or to cnuble it to be
inserted through lortuous anatemical channels of the body. In
nost cases, the depree of curvature in embodiments where a
single bend or curve is formed will be belween approximately
30 and approximately 90 degrees and in embodiments where
more than ane hend nr enrve are formed 10 the entting mbe 14
cach such bend or curve will typically be betwoen approxi-
mately 15 to approximately 90 degrecs.

As shown in FIG. 4. when the cutting tube 14 is advanced
through tissuc, distal end (irst, the first and scecond cutting
cdges 20. 22 will cut a strip ST of tissue having approximate
width W, such approximate widih W being approximately
equal to the distance 1Y between the first and socond cutling
edoes 20, 22. The severed sirip 81 of tissve will enter the
lumen 27 of (ke culing lube 14 as the device advances.
Negative pressure may be applied to lumen 27 o agpirate the
strip ST of tissue andfor fluid and/or other matter through
luinen 27,

The device 10 may optionally include a second lumen.
Such second lamen may be used for infusion of thrid through
the device 10 or for other purposes. Tn the embediment shown
in TIGS. 1 and 2. the device 10 compriscs an outer tube 16 in
addition to the cutting tube 14. The cufting, tube 14 is of
smaller diameter than theouler tube 16 and the cutling tube 14
may extend through the lumen 19 of the outer wbe 16 such
that a distal portion of the cutling tube 14 exlends out of and
bevond the distal end ol the ouler twbe 16, as may be seen in
FIG, 2. The distal end of the outer tube 16 is tapered and in
close approximation wilh the outer surfiace of the cutting tube
14. Fluid may be infused through the lunen 19 of the outer
twbe 16, through the space between the outer surface of the
culling tube 14 and the inner surlace of the outer tube 16.
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Fhiid that is infised through the lumen 19 ot'the outer mube 16
may low oul ol one or more apertures 11 lormed near the
distal end of the outer tubce.

Insome embodiments. the device 10 may be equipped with
severing apparalus lor severing (e.g., lransversely culling or
wansecling) the sirip 8T ol tissuc 1o [ully excise or detach the
strip ST of tissue from (he remaining tissue mass andior from
the body of a human or animal subject. Such severing appa-
ratus may comprise any suitable type of tissue cutter such as
u blude, scissor, guillotine, electrodels), laser, energy emit-
ung lissue cutler, mechanical lissue cutler, ele. UIG, § shows
an example of an emhodiment of the device 104 wherein
menopolar or bipolar electrode(s) 40 are located on the distal
end ot'the cutting, tube 14, When itis desired to sever the strip
ST of tissue, the electrode(s) is/are enerpized with sufficient
cnergy 10 sever the strip 8T, thereby disconnecting the sirip
8T from the remaining tissue mass and/or the body of the
human or animal subject.

In some embodiments of the device 10, the cutling edges
20, 22 may b heated such that they will cauterize as the cut.
As those ol skill in the ant will sppreciale, such healing ol the
culling edges 20, 22 may be accomplished by placement of
electrode(s) near the cutting edges 20, 22 such that, when the
electrode(s) isiare enerpized, the cuiting edges 20, 22 will
become heated 1o a lemperature suitable [or (he desired cau-
terization function.

The needle cutter device 10 of the present invention may
optionally beused as part of asystem 12, as shown in FIG. 1.
The basic components of the system 12 comprise an aspira-
tion pump maodule 74 and a source ol irrigation uid 72,
mounted on a surgical roller cart 70. Control ol the console
functions during procedures may be accomplished by an aspyi-
ration fool pedal 78 which controls an aspiration pump 74 and
varialion in the height of the source ol inlusion {luid 72 1o
change the gravily fed pressure or flow rate ol infusion (luid
through the device. A pinch valve, or other means, may also
be incorporated in the console o control flow of the irrigation
flvid to the needle cutter device 10. [n embediments that
include apparatus (e.g., electrode(s)) for heating the cutling
edges 20. 22 and/or for severing the strip ST of'tissue (FIG. 5).
thesystem 11 may additionally comprise an electrical current
source, such as an clectrosurgical generalor 76 and clectro-
surgical foot pedal 80 which controls the electrosurgical gen-
erator to deliver desired amount(s) of energy to the ele-
clrode(s) or other clectrical clements  (e.g., resistance
heater(s), cte.) on the device 1 As an option. all of the basic
contrel functions of system 12 may be integrated inlo a single
lool pedal 10 Lacilitate use.

‘The device 10 may be provided as a pre-sterilized, single-
use disposable probe or Gp (hal is aitachable 1o a standard
surgical irrigalion/aspiration handpicce such as thal commer-
cially available as The Rhein VA Tip System from Khein
Medical, lue., Tawps, Fla. Alter the device 10 has been
attached to the handpiece. it may be connected to any or all of

v the electrosurgical penerator module 76, aspiration pump

module 74 and the source of irrigaion Nuid 72, as shown.
Thus, the device 10 may be fully cquipped for irrigation.
aspiration, and electrosurgical capabilities, as desrcribed
herein.

FIGS. 3A-3D show an example ol a method for mannfac-
wiring the culling be 14 from standard bing (o.g., stainless
sieel hypodermic wbing). Initially, the distal end ol a wbe is
cut to form the lateral cutting edges 20. 22. the protruding tip
24 and the blunt iop edge 26. Therealler. il'it is dosired 10 have

s oncormore bends or eurves in the eutting mbe 14, angularcut

oul(s) 30 may be formed in the tube 14, as shown in 1'1G. 3C.
Therealler, the tube 14 is bent to bring the edges ol cach
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angular cut out 3 into apposition and weld. adhesive or other
Jjoining techniques are used o weld or jein the apposed edges
of the cut outs together, thereby forming, the desired bend(s)
or curve(s) in the cutting tube 14. T.ikewise. if it is desired to
have one or more bends or curves in the cutling wbe 14, the
be 14 may be dircetly bent o [orm said curves or bends
without the use of angular cut outs(s) 30. It may be appreci-
aled that the use ol angular cul-oul(s) 30 allow a wbe 10 ofa
given diameter to incorporate a curve or angle in a more

copact form than is possible by bending tubing 10 vfa given

diameter Lo said curve or angle without kinking or damaging
mbe 10.

‘The device 10 and system 12 are useable to perform a
varicty of procedures wherein it 1s desired 1o form an incision
or opening, of a desired width or 1o remaove. trom a mass of
lissug, a sirip ST ol tissue ol a desired width.

One particular procedure that may be perlormoed to reat
glancoma, using the device 10 and system 12 of the present
invention, is a gonicclomy. As explained herein @ gonicelomy
procedure is an ab intermeo surgical procedure wherein a sector
ol the wabecular meshwork is removed from the eve ol the
palient 1o facilitale drainage of aquecus humor [rom the ante-
rior chamber of the eye through Schlemm’s Canal and the
associated collector channels, thereby relieving elevated
intraccular pressure.

To perform a goniectomy procedure using, the device 14,
first a small incision is made in the cornea at about 3 o'clock
inthe lett cye. oratabout 9 o’clock in the right eye. A 1.5 mm
slit knife may he used 1o make this incision.

‘The device 10 is altached Lo the source ol imrigation Nuid 72

(c.g., basic balanced sah solution) such that irrigation [Tuid
will flow through lumen 19 of the outer tube 16 and out of
oulflow aperture 11, The device 10 is then inseried through
the incision and inle the anterior chamber of the eye (with

irdgation Muwing). ln some cases, durdug the insertion of the 3

device 10, the source of irmigation uid 72 may initislly con-
nected Lo the device such that the irrigation (uid will flow
through the lvmen 27 of the cutter tube 14, [n this manner,
urigation fluid will begin 1o inluse inte the anterior chamber
of the eye as soon as the distal end of the curter ube 14 has
entered the anterior chamber, rather than heing delayed nntil
the Targer outer tube 16 and aperture 11 have been advanced
through the incision and into the anterior chamber. By this
alternative approach, irrigation thiid may be caused to tlow
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A lens device (eg.. Ocular Swan-Tacob Awoclavable
Gumioprism, Moedel OSJAG, Ocular Instruments Tne., Relle-
vue, Wash.) may be pasitioned on the anterior aspect of the
eyeto enablethe physicianto clearly visnalize the angle ofthe
eyt where the segment ol trabecular meshwork is o be
removed. Under direct visualization, the device 10 is
advanced uniilthe dist] tip of the cutter tube 14 is positioned
adjacent to the irabecular meshwork al (he location where the
strip ST is 10 be removed. Thereafier, the protruding tip 24 is
advanced  through e tubecolar weshwork and il
Schlemm’s Canal-

The device 10 is then advanced along Schlemm’s Canal.
thereby cavsing the cutting, edges 20, 22 to cut a strip of the
trabicenlar meshwork. therehy creating an opening, through
which aquenus humor may drain from the anterior chamber
of the eye.

Allera strip ol lissue of thedesired length (e.g., about 2-10
mm) has been cut by the lateral cutting edges 20, 22, any
optional tissue severing apparatus (e.g., clectrode(s) 40 may
be used (if present) (o transeet or sever the strp ST of tissue
thereby disconnecting it rom the patient’s body und allowing
11 to be gspirated or drawn inle or through lumen 27,

Thereafter, the aspiration is stopped. the device 10 is
removed from the eve, and the infusion is stopped.

Following completion ol the surgery, aqueous humeor will
drain from the anterior chamber through the opening that was
created by removal of the strip of tissue from the trabecular
meshwork TM.

Although the invention has heen described above with
respeet to certain embodiments and examples, it is o he
appreciaied that such embodiments and examples are non-
limiting and arc not purported o define all embodiments and
examples ol the invention. Indeed, those olskill in the art will
recognive that various modifications may be made to the
aboyve-deseribed embudiments sud examples withoul depari-
ing from the intensled spirit and scope of the invention and it
is intended that a1l such medifications be included within the
scope of the following claims,

What is claimed is:

1. A dnal blade device useable for performing an ah intern
procedure within a human eye o remove a strip of rabecular
meshwork tissue, said device comprising.:

a handle configured to be grasped by an operator’s hand:

out ol the distal end of the cutter tube 14 a8 the device 10 §s 45 an clongale probe comprising a shall that extends (rom the
heing inserted, thereby spreading or opening the inclsion by handle along a longitudinal axis;

hydraulic foree while m addilion increasing the luid pressure a blunt pretruding tip that extends in a lsteral direction
in the anlerior chamber. Such spreading or opening ol the Irom a distal end of the shali (o loma a bend or curve ol
incision may facilitate advancement of the larger diameter approximately 30 degrees to approximately S0 degrees
outer tube 16 through the incision. Pressurizing the fluid in 5o relative 1o 1he adjacent Jongitudinal axis ol the shali;
the anierier ¢hamber causes the anterior chamber 1o deepen first and second lateral culling edges lormed at stationary
and may facilitate manevvering of device 10 within the ante- side-by-side locations on the shaft. said first and second
riorchirunber. In cases where (hds altermiive approacliis used, Luteral culling edges fuving iu the sume lateral direction
the source of infusion fluid 72 may be disconnected from ar the blunt protruding tip and being spaced apart such
lumen 27 of the cutter tube 14 after the device 10 has been 55 that an area exists between the first and second lateral
inseried into the anterior chamber and., therealler, the inlusion cutting edges; and

flnid sourec 72 may be reconnected to lumen 19 of outer tube a blunt top edge that extends transversely from a top ond of
16 such that infusion fluid will flow out of aperture 11. Nepa- the first lateral cutting edge to a wp end of the second
live prossure (¢.2., via aspiration pump madule 74) may then lateral cutling edge and traverses above Lhe area belween
be applicd to lumen 27 of the cuuter wbe 14 50 as o aspirate 60 the first and second lateral cutling edges;

fluid and debris through lumen 27 as shown i I'1G. 4. The 1he blunt protruding tip heving o ransverse widih, a lop
verlical height of the infusion fluid seurce 72 may be adjusted surlace, a bollom surfluce and 4 1erminal end, (he rans-
10 provide sufficient gravity feed of infusion fluid to make up verse width being narrowest at the terminal end;

for the volume of luid or matter being aspiraled [rom the the blunt protruding Lip being below Lhe arca between the
anterior chamber through lumen 27. thereby maintaining the 65 first and second lateral curting edges and protruding, in

desired pressure of Quid within ihe anlerior chamber during
the procedure.

the lateral direction beyond the first and seeond lateral
culling edges such that Gssue may pass over the op
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surface of the blunt protruding tip before coming into
contact with the first and sceond lateral culling edges;

a distal portion of the shaft and the blunt protruding, tip

being sized to pass through an incision formed in the eve
by a 1.5 mm slit knile; and

the blunt protruding tip being further sized (o i within

Schlemm’s Canal of the human eye and, when so posi-
tioned, 10 be advanceable through Schlemm’s Canal
with trabecular meshwork tissue passing over its top
surlace und into coutuel with the (sl and second lateral -0
culling edges,

2. A device according to ¢laim 1 wherein the first and
second lateral cutting edges are spaced apart by a distance 1)
and cut a strip of trabecular meshwork tissuc having a width
W that iz substantially equal to distance T,

3. Adeviccaccordimg Lo claim 1 uscable forculling a secior
of trabeeular meshwork Gssue having a lengih of 2 o 10
millimeters.

4. A device according 1o claim 1 wherein the bottom sur-
[ace ol'the blunt protruding tip extends at an angle oapproxi- 10
mately 90 degrees relative 1o the adjacent lomyitudinal axis of
the shall.

5. A system comprising a device according to claim 1 in
combination witha 1.5 mm slit knife for forming said incision
in the human eve, 25

6. A device according to claim 1 wherein the device is
manvally operable 10 remaove a strip of trabecular meshwork
tissue.

7. A device according ¢laimy 1 wherein the shaft comprises
a tube having al least one lumen. 30
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