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In
the particular example shown in the drawings, the first and
second cutting edges 20, 22 are located on opposite lateral
sides of the distal end of the cutting tube 14 and a blunt,
protruding tip 24 1s located on the bottom of the distal end of
the cutting tube. Also, a blunt edge 26 1s located at the top of
the distal end of the cutting tube 14. Thus, only the lateral
cutting edges 20, 22 are sharp and intended to cut tissue.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
Patent Owner Ex. 2034

US 9,107,729 B2

3
the scope of the claims recited in this patent application and
any patent(s) issuing theretrom.

One example of a needle cutter device 10 of the present
inrvention is shown in FIGS. 1-4. This needle cutter device 10
enerally comp an clongate culling tube 14 that has a
1 end and alumen 27 that opens (hrough an opening in the
distal end. First and second cutting edges 20,22 are formed on
generally opposite edges of the distal end of the curting be
14. These first and sccond culling edges 20, 22 are scparated
by adistance 1. as shown in the distal end view of VG, 313, In
the partic example shown in (he drawings. the first and
second cutting edges 20, 22 are located on opposite lateral
sides oi the distal end of the cutring tube 14 and a blunr,
protruding tip 24 is located on the bottom of the distal end off
the culting lube. Also, a blunt edge 26 is localed at the top of
the distal end of the cutting tube 14, Thus, only the lateral
cutting edges 20, 22 are sharp and intended to cut tissue. The
blunt, protruding tip 24 can, in some applications, be contig-
ured and wsed to [acililate insertion of the device 10 lo ils
intended Tocation andior the blunt protruding tip 24 may be
placed in an anatomical or man made grove or channel (2.3,
Schlemm’s Canal of the eye) such that it will then advance
through the channel or groove and guide the advancement and
posilioning of the remainder of he dey:

One or more bends or curves may optionally be ormed in
the cutting tube 14 1o facilitate its use for its intended purpose.
For example, in the embodiment of the device 10 shown in
I'I¢h 2. a single hend 17 of approximalcly 90 degrocs is
lormed near the distal end ol the cutting tube 14. In the
embodiment of the device 105 shown in FIG. &, two separate
bends of approximately 90 deprees each are formed at spaced
apart locations on the cutting tube 14, thereby giving the

20

25

30

4
Fluid that is infused through the lumen 19 ol the ouler tube 16
may flow out of one or more apermures 11 formed near the
distal end of the outer tube.
In some embodlmems, The device 10 may be equipped with
ly culting or
¢ or detach the

the body of a Luman or animal subject. Such severing appa-
rats may compnae aly suitable type of tissue cutter such as
sor, guillotine, electrode(s), laser, energy emit-

ssuc culler, mechanical tssue cutler. cte. G,
an example of an embodiment of the device 10a wherein
momopolar or bipolar clectrode(s) 40 are located on the distal
end of the cutting tube 14. When itis desired to sever the strip
ST of tissue, the electrode(s) isfare energized with sufficient
energy to sever the strip ST, thereby disconnecting the strip
ST [rom the remaining tissue mass and/or the body of the
human or animal subject.

In some embodiments of the device 10, the culling cdges
20, 22 may be heated such that they will cauterize as the cut.
As those of skill in the art will appreciate, such heating of the

i s 20. 22 may be accomplished by placement of
rode(s) near (he cutling edges 20, 22 such that, when (he
dlectrode(s) isfare energized. the cutling edges 20. 22 will
become heated to a temperature suitable for the desired cau-
terization funetion.

The needle outter device 10 of (e present invention may
optionally be used as part ofa system 12. as shown in FIG. 1.
The basic components of the system 12 comprise an aspira-
tion pump module 74 and a source of irripation fluid 72,
moumed on a surgical roller cm 7[] Control of the console

culting tube 14 a generally U shaped ion. Itwill be
approciated that any number ol bends or curves, in any direc-
tion and of any severity may be formed in the cunting tube 14
1o facilitate its use in specific procedures or 1o enable it to be
inserted through torruous anatomical channels of the body. In

35

ing procedures
ration [oot pedal 78 which
variation in the height of the source oi fusion thuid 72 to
change the gravity fed pressure or flow rate of infusion fluid
through the device. A pinch valve, or other neans, may

ishod by an aspi-

most s. the dey of curvature in embodi where a
single hend or curve i formed will be between approximately
30 and approximately 90 degrees and in embodiments where
more than one bend or curve are formed inthe cuning rube 14
cach such bend or curve will typically be between approxi-
mately 15 to approximaltely 90 degrees.

As shown in FICGL 4. when (he culling lube 14 is advanced
through tissue, distal end first, the first and second cutting
edges 20, 22 will cut a stip ST oftissue having approximate
width W, such s width W being approximate]
cqual (o the distance 12 between the first and second cutting
edges 20, 22. The severed strip ST of tissue will enter the
lumen 27 of the cuting tube 14 as the device advances.
Negarive pressure may be applied to lumen 27 to aspirate the
strip ST of tissue and/or Nuid and/or other matler through
Tumen 27.

The device 10 may optionally include a second lumen.
Such second lumen may be used for mmsmn of ﬁmdth\l sh

40

45

s

be incorporated in the console o control ow of the irrigation
Muid (o the needle culter device 1. In embodiments that
include apparatus (e.g,, electrode(s)) for heating the cutting
edges 20, 22 and/or for severing the strip ST of tissue (FIG. 5),
(he system 11 may additionally comprise an clectrical current
source. such as an cloctrosurgical generator 76 and ck
surgical [ool pedal 80 which controls the clectrosurgical g
it 4 -dblier dosiled Ambvi(s) of Gndey © e
electrode(s) or other electrical elements (.., resistance heat-
erfs). ele) on the device 10. As an option, all o the basic
control functions of system 12 may e integrated into a single
footpedal to facilitate use.

The device 10 may be provided as a pre-sterilized, single-
use disposable probe or tip that is attachable to a standard
surgical irvigation/aspiration handpicee such as thal commer-
cially available as The Rhein IFA Tip System [rom Rhein
Medical, Inc., Tampa, Fla. After the device 10 has been
an‘u].\ed to the h‘mdpie irmay be connected to any or all of

clro-

the de . In th shown
in VIGS. 1and 2. the device 10 comprises o
addition 10 the cutling wbe 14. The cul
smaller diameter than the outer tube 16 and the curting tube 14
may extend through the lumen 19 of the outer tube 16 such
that a distal portion of the cutting (ube 14 extends out of and
heyond the distal end of the outer (ube 16, as may be scen in
FIG. 2. The distal end of the outer tube 16 is tapered and in
close approximarion with the outer surface of the curting mbe
14. Fluid may be iu_fuaed through the lumen 19 of the outer
r surlace of the
ce ol (he outer tube 16.

culting (ube 14 and 1h¢ inner surl

63

the I generator module 76, aspiration pump
module 74 and the source of irrigation fluid 72. & 0
“Thus, the device 10 may be lully cquipped for irrigation,
aspiration, and electrosurpical capabilities, as described

312 show an example of a method for manufac-
ulling Lube 14 from standard tubing (c.g., stai
steel hwpodermic tubing). Initially, the distal end of a tube is
et 1o form the lateral cutting edges 20, 22, the protruding tip
24 and the blunttop edge 26. Thereatter, it it is desired to have
one ormorebends or curves in the culling be 14, angular cut
out(s) 30 may be formed in the tube 14, as shown in 116G, 3C.
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As shown 1n FIG. 4, when the cutting tube 14 1s advanced
through tissue, distal end first, the first and second cutting
edges 20, 22 will cut a strip ST of tissue having approximate
width W, such approximate width W being approximately
equal to the distance D between the first and second cutting
edges 20, 22. The severed strip ST of tissue will enter the
lumen 27 of the cutting tube 14 as the device advances.

US 9,107,729 B2

3
the scope of the claims recited in this patent application and
any patent(s) issuing theretrom.

One example of a needle cutter device 10 of the present
inrvention is shown in FIGS. 1-4. This needle cutter device 10
encrally compy
1 end and alumen 27 that opens (hrough an opening in the
distal end. First and second cutting edges 20,22 are formed on
generally opposite edges of the distal end of the curting be
14. These first and sccond culling edges 20, 22 are scparated
by adistance 1. as shown in (he distal end view of VIG. 31
the partic example shown in (he drawings. the first and
second cutting edges 20, 22 are located on opposite lateral
sides oi the distal end of the cutring tube 14 and a blunr,
protruding tip 24 is located on the bottom of the distal end off
the cu
the distal end of the cutting tube 14, Thus, only the lateral
cutting edges 20, 22 are sharp and intended to cut tissue. The
blunt, protruding tip 24 can, in some applications, be contig-
ured and wsed to [acililate insertion of the device 10 lo ils

intended location and/or the blunt protruding tip 24 may be 2

placed in an anatomical or man made grove or channel (2.3,
Schlemm’s Canal of the eye) such that it will then advance
through the channel or groove and guide the advancement and
positioning ol the remainder of the dey

One or more bends or curves may optionally be lormed in 25

the cutting tube 14 1o facilitate its use for its intended purpose.
For example, in the embodiment of the device 10 shown in
I'I¢h 2. a single hend 17 of approximalcly 90 degrocs is
lormed near the distal end ol the cutting tube 14. In the
embodiment of the device 105 shown in FI
bends of approximately 90 deprees each are formed at spaced
apart locations on the cutting tube 14, thereby giving the

an clongate culling tube 14 that has a5

3.In 10

ing tube. Also, a blunt edge 26 is located at the (op ol 15

. &, Two separate 30

4
Fluid that is infused through the lumen 19 ol the ouler tube 16
may flow out of one or more apermures 11 formed near the
distal end of the outer tube.
In some embodlmems, The device 10 may be equipped with
ly culting or
¢ or detach the

the body of a Luman or animal subject. Such severing appa-
rats may compnae aly suitable type of tissue cutter such as
sor, guillotine, electrode(s), laser, energy emit-

ssuc culler, mechanical tssue cutler. cte. G,
an example of an embodiment of the device 10a wherein
momopolar or bipolar clectrode(s) 40 are located on the distal
end of the cutting tube 14. When itis desired to sever the strip
ST of tissue, the electrode(s) isfare energized with sufficient
energy to sever the strip ST, thereby disconnecting the strip
ST [rom the remaining tissue mass and/or the body of the
human or animal subject.

In some embodiments of the device 10, the culling cdges
20, 22 may be heated such that they will cauterize as the cut.
As those of skill in the art will appreciate, such heating of the

i s 20. 22 may be accomplished by placement of
rode(s) near (he cutling edges 20, 22 such that, when (he
dlectrode(s) isfare energized. the cutling edges 20. 22 will
become heated to a temperature suitable for the desired cau-
terization funetion.

The needle outter device 10 of (e present invention may
optionally be used as part ofa system 12. as shown in FIG. 1.
The basic components of the system 12 comprise an aspira-
tion pump module 74 and a source of irripation fluid 72,
moumed on a surgical roller cm 7[] Control of the console

culting tube 14 a generally U shaped ion. Itwill be
approciated that any number ol bends or curves, in any direc-
tion and of any sevel
1o facilitate its use in specific procedures or 1o enable it to be
inserted through torruous anatomical channels of the body. In

may be formed in the cuning tube 14 35

ing procedures
ration [oot pedal 78 which
variation in the height of the source oi fusion thuid 72 to
change the gravity fed pressure or flow rate of infusion fluid
through the device. A pinch valve, or other neans, may

ishod by an aspi-

mosL s. (he deg of curvature im embodi where a
single bend or curve is formed will be between approximately

30 and approximately 90 degrees and in embodiments where 4

more than one bend or curve are formed inthe cuning rube 14
cach such bend or curve will typically be between approxi-
alely 15 1o approximalely 90 degrees.

I & wbe 14 is advanced

through tissue, distal end first, the
edges 20, 22 will cut a stip ST oftissue having approximate
width W, such s width W being approximate]

cqual (o the distance 12 between the first and second cutting
edges 20, 22. The severed strip ST of tissue will enter the

lumen 27 of the cuting tube 14 as the device advances. so

Negarive pressure may be applied to lumen 27 to aspirate the
strip ST of tissue and/or Nuid and/or other matler through
Tumen 27.

The device 10 may optionally include a second lumen.
Such second lumen may be used for mmsmn of ﬁmdth\l sh
the de . In th shown

st and second cuting 43

be incorporated in the console o control ow of the irrigation
Muid (o the needle culter device 1. In embodiments that
include apparatus (e.g,, electrode(s)) for heating the cutting
edges 20, 22 and/or for severing the strip ST of tissue (FIG. 5),
(he system 11 may additionally comprise an clectrical current
source. such as an cloctrosurgical generator 76 and ck
surgical [ool pedal 80 which controls the clectrosurgical g
it 4 -dblier dosiled Ambvi(s) of Gndey © e
electrode(s) or other electrical elements (.., resistance heat-
erfs). ele) on the device 10. As an option, all o the basic
control functions of system 12 may e integrated into a single
footpedal to facilitate use.

The device 10 may be provided as a pre-sterilized, single-
use disposable probe or tip that is attachable to a standard
surgical irvigation/aspiration handpicee such as thal commer-
cially available as The Rhein IFA Tip System [rom Rhein
Medical, Inc., Tampa, Fla. After the device 10 has been
an‘u].\ed to the h‘mdpie irmay be connected to any or all of

clro-

in VIGS. 1and 2. the device 10 comprises o
addition 10 the cutling wbe 14. The cul
smaller diameter than the outer tube 16 and the curting tube 14

may extend through the lumen 19 of the outer tube 16 such 6

that a distal portion of the cutting (ube 14 extends out of and
heyond the distal end of the outer (ube 16, as may be scen in
FIG. 2. The distal end of the outer tube 16 is tapered and in
close approximarion with the outer surface of the curting mbe

14. Fluid may be iu_t'uaed through the lumen 19 of the outer 65

r surlace of the
ce ol (he outer tube 16.

culting (ube 14 and 1h¢ inner surl

the I generator module 76, aspiration pump
module 74 and the source of irrigation fluid 72. & 0
“Thus, the device 10 may be lully cquipped for irrigation,
aspiration, and electrosurpical capabilities, as described

312 show an example of a method for manufac-
ulling Lube 14 from standard tubing (c.g., stai
steel hwpodermic tubing). Initially, the distal end of a tube is
et 1o form the lateral cutting edges 20, 22, the protruding tip
24 and the blunttop edge 26. Thereatter, it it is desired to have
one ormorebends or curves in the culling be 14, angular cut
out(s) 30 may be formed in the tube 14, as shown in 116G, 3C.
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US 9,107,729 B2

3
the scope of the claims recited in this patent application and
any patent(s) issuing theretrom.

One example of a needle cutter device 10 of the present
inrvention is shown in FIGS. 1-4. This needle cutter device 10
enerally comp an clongate culling tube 14 that has a5
1 end and alumen 27 that opens (hrough an opening in the
distal end. First and second cutting edges 20,22 are formed on
generally opposite edges of the distal end of the curting be
14. These first and sccond culling edges 20, 22 are scparated
by adistance 1. as shown in (he distal end view of VIGL 3. I 10
the partic example shown in (he drawings. the first and
second cutting edges 20, 22 are located on opposite lateral
sides oi the distal end of the cutring tube 14 and a blunr,
protruding tip 24 is located on the bottom of the distal end off
the culting lube. Also, a blunt edge 26 is localed at the top of 15
the distal end of the cutting tube 14, Thus, only the lateral
cutting edges 20, 22 are sharp and intended to cut tissue. The

FIGS. 3A-3D show an example of a method for manufac-
turing the cutting tube 14 from standard tubing (e.g., stainless
steel hypodermic tubing). Initially, the distal end of a tube 1s
cut to form the lateral cutting edges 20, 22, the protruding tip
24 and the blunt top edge 26. Thereafter, 1f it 1s desired to have |
one or more bends or curves 1n the cutting tube 14, angularcut  §
out(s) 30 may be formed in the tube 14, as shown in FIG. 3C. }

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
Patent Owner Ex. 2034
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4
Fluid that is infused through the lumen 19 ol the ouler tube 16
may flow out of one or more apermures 11 formed near the
distal end of the outer tube.
In some embodlmems, The device 10 may be equipped with
ly culting or
¢ or detach the

the body of a Luman or animal subject. Such severing appa-
rats may compnae aly suitable type of tissue cutter such as
sor, guillotine, electrode(s), laser, energy emit-
ssuc culler, mechanical tssue cutler. cte. G,
an example of an embodiment of the device 10a wherein
momopolar or bipolar clectrode(s) 40 are located on the distal
end of the cutting tube 14. When itis desired to sever the strip
ST of tissue, the electrode(s) isfare energized with sufficient
energy to sever the strip ST, thereby disconnecting the strip
ST [rom the remaining tissue mass and/or the body of the
human or animal subject.
In some embodiments of the device 10, the culling cdges
20, 22 may be heated such that they will cauterize as the cut.
As those of skill in the art will appreciate, such heating of the
i s 20. 22 may be accomplished by placement of
rode(s) near (he cutling edges 20, 22 such that, when (he
dlectrode(s) isfare energized. the cutling edges 20. 22 will
become heated to a temperature suitable for the desired cau-
terization funetion.
The needle outter device 10 of (e present invention may
optionally be used as part ofa system 12. as shown in FIG. 1.

5 The basic components of the system 12 comprise an aspira-

tion pump module 74 and a source of irripation fluid 72,
mounted on a surgical roller cart 70. Control of the console
functions during procedures ishod by an aspi-
ration [oot pedal 78 which

s variation in the height of the aoﬁrce of inflrgion firid 72 1o

change the gravity fed pressure or flow rate of infusion fluid
through the device. A pinch valve, or other neans, may
be incorporated in the console o control ow of the irrigation
Muid (o the needle culter device 1. In embodiments that
, electrode(s)) for heating the cutting
edges 20, 22 and/or for severing the strip ST of tissue (FIG. 5),
(he system 11 may additionally comprise an clectrical current
source. such as an cloctrosurgical generator 76 and ck
surgical [ool pedal 80 which controls the clectrosurgi

clro-

g

s ertor to deliver desired amoum(s) of energy to the

electrode(s) or other electrical elements (.., resistance heat-
erfs). ele) on the device 10. As an option, all o the basic
control functions of system 12 may e integrated into a single
footpedal to facilitate use.

The device 10 may be provided as a pre-sterilized, single-
use disposable probe or tip that is attachable to a standard
surgical irvigation/aspiration handpicee such as thal commer-
cially available as The Rhein IFA Tip System [rom Rhein
Medical, Inc., Tampa, Fla. After the device 10 has been
irmay be connected to any or all of

y {ter tube 16 such 6o
that a distal portion o] Qut of and
beyond the 1 ¢nd of the outer (ube - i
FIG. 2. The distal end of the outer tube 16 rapered and 1
close approximarion with the outer surface of the curting be
14. Fluid may be iufuaed through the lumen 19 of the outer 65
r surlace of the

ce ol (he outer tube 16.

culting (ube 14 and 1h¢ inner surl

the I generator module 76, aspiration pump
module 74 and the source of irrigation fluid 72. & 0
“Thus, the device 10 may be lully cquipped for irrigation,
aspiration, and electrosurpical capabilities, as described

312 show an example of a method for manufac-
ulling Lube 14 from standard tubing (c.g., stai
steel hwpodermic tubing). Initially, the distal end of a tube is
et 1o form the lateral cutting edges 20, 22, the protruding tip
24 and the blunttop edge 26. Thereatter, it it is desired to have
one ormorebends or curves in the culling be 14, angular cut
out(s) 30 may be formed in the tube 14, as shown in 116G, 3C.
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5
angular cut ot 30 dnte apposition and weld, sdhesive orother
Joining techniques are used to weld or join the apposed edges
of the cut outs iogether, thereby forming ihe desired hend(s)
oF urve(s) in the cutiing whe 14, Likewise, ifit is desired (o
have o or more bends or curves in the cutting tube 14, the
mibe 14 may be directly bent 1o fom said eorves or bends
witlrout the nse of Iill]!ll|:‘|l' cut outsds) 3 11 may be appresi-

a blunt top edge that extends transversely from a top end of
the first lateral cutting edge to a top end of the second
lateral cutting edge and traverses above the area between

the first and second lateral cutting edges;

the blunt protruding tip having a transverse width, a top
surface, a bottom surface and a terminal end, the trans-
verse width being narrowest at the terminal end;

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
Patent Owner Ex. 2034

TLANEVErINg 0 3 n
are this .I|ll.‘ﬂla||\\><I|'||'|rulh’.h1!<||$0&l
s disconnected from
oL liss been 55
insserted into the anie AGrcl —!
fluid source 72 may be reconnected o lumen 19 of outer
16 such that infusion Auid will Aow out of apertuse 11. Nega-
tivie pressure (¢.g. via aspiration pump module 74) may then
be applied to lumen 27 of the cutter tbe 14 50 a5 10 aspirale o0
fluicd and debris through lumen 27 a5 shown in FIG. 4, The
vertical height of the infusion fluid source 72 may be acjusted
o provide sufficient gravity fied of infusion Muid 1 make up
for the valume of fhud or matter being aspirated from the
anterior chamber throvgh lumen 27, thereby maintaining the 55
terior chamber during

desiredd pressuse of fuid within te o
the procedune.

155 B2
[

A lens device (e.g., Ocular Swan-Jacob Awioclavable
Cronioprism, Model OSIACG, Ocolar Ingtruments [nc., Belle-
wue, Wash. ) may be positioned on the anterior aspect of the
eyetoenable the physician to clearly visualize the angle ofthe
eye where the segment of tmbeenlar meshwork s o be
removed, Under direct visoaliztion, the deviee 10 is
advancesd notil the distal tip of the cutier tube 14 is positioned
adjacent w the rabecular meshwork st the koestion where the
=rip ST b5 w0 he removed. Thereafter, the protrding tip 24 s
abvanced  through the mbecular meshwork and o
Schlemm's Canal

The device 10 is then advanced along Schlemm’s Canal,
thereby cansing the cunting edges 20, 22 1o cut a steip of the
trabecular meshwork, therehy creating an opening through
which aqueous humer may drain from the anterior chamber
of the eye.

Adtber o strip ot tissue of the desired length (e.g., about 2-10
mm} has been gut by the lateral cutting edges 20, 12, any
optional tissue severing apparatus (e, electrode]s) 40 may
be used (il present ) o transect or sever the sirp 8T of ssue
therehy disconnecting it frem te patient’s body and allowing
it 1o be aspirated or drwn into or [|1n|u|!,|| lumen 27

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

Following completion of the surgery, aquecis Mmoo will
abraiin from the anterior ehamber through the opening that was
ereated by removal of the strip of tissue from the tabecular
meshwork TM

Although the iovention bos been described above with
respect 0 certain embociments and examples, 135 0 be
apprecited that such embodinients and examples are non-
Timitang and mnn(purpnr(mluuh e all embodiments and
exnmpl._un the invention. Indeed, those of skill i the art will
recognize that vanous modifications may be made 1o the

lescribod embodi anrd examples without depart-
ing From the imended spit and seope of the invention and it
is intended thar all such modifications be fncluded within the
spope of the following ¢laims.

What is claimed is:

1. A dual blade device useable for performing an ob intem
procedure within @ human eye W remove asip of tmbecnlar
mestwork tissue, said device comprisin

a hanclles configured 1o he grasped by an operators hand;

an ebongate probe comprising a shaft that exends froaom the
handle along a longitdinal axis:

a blunt |1rt\1rud.mg tip that extends in a lateral divection
from a distal end of the shafi to form a bend or curve of
approsimately 30 degrees to approximately 90 degrees
relative 1o the adjscent longitudinal axis of the shaft:

tirst and second Lateral cutting edges Tormed ot stationary
side-by-side locations on the sha ft. said first and second
Twteral cutting edges feng in the sume lnter] direction
i thee blunt protruding tip and being spaced apart such
that an ares exists between the fiest and second lateral
cutting edges; and

ablunt wp edge that extends transversely from a top end of
the first lateral curting edge 0@ 0p end of the second
Tateral cutting edpe and wraverses above the area between
thie first and second lateral eutting edpes:

the blunt protruding tip having a tansverse widith, o top
surtace, a bottom surfnce and o terminal end, the trans-
verse width being narrowest at the terminal end;

the blunt pmlmdmg tip hun‘l. below the aren between the

culting edges such that tssue may pass over the 1op
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(37) ABSTRACT

A device and method for cutting or ablating, tissue in a
human or vererinary patient includes an elongate probe
i ssue culling or ablating apparatus
jacent within the distal end, and a tissue prolecior
extending from the distal end. The protector generally has 2
first side and a second side and the tissue cutting or ablating
apparatus is located adjacenr to the first side thereof. The
distal end is structured to be advanceable into tissue or
otherwise placed and positioned within the patient’s body
such that tissue adjacent to the first side of the protector s
cut away or ablated by the tissue cutting or ablation appa-
ratus while tissue thar is adjacent to the second side of the
protector is not substantially damaged by the tissue cutling
or ablating apparatus.
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intensity light. pulsed or non-pulsed Taser light, light that is
infrared, visible and/or vlraviolet, et¢.), mechanical tissue
curting or ablation appamm (e.g., knife blade(s), scissor(s),
etc.), ultrasonic cutting or ablation appa-
ound (ransmission member that extends
lovice Lo a location adjacent the first si
d undergoes axial or radial ultrasonic vibration)

device 10 further comprises @ protector 24 having a
idic localed adjacent o the cultin

mechanical tissue

cutting or ablation apparatus (e.g., knife blade(s), scissor(s),
rotating cutter(s), €tc.), ulirasonic cutting or ablation appa-

or ablaling appara- 10

10
humor from the anterior chamber AC ol the eye through
Shlemm's Canal and the associated collector channels CC,
thereby relieving elevated imraocular pressure.

First, a small incision IN is made in the cornea C at about
3 o'clock in the lefi eye, or at about § o’clock in the right
eye. A 1.5 mm slit knife may be used 1o make this incision
IN.

The device 10 is attached to the source of irrfgation fhuid
72 (.., balanced sall solutiony such that irrigation Muid will
flow through lumen 16 ol the outer twbe 12 and oul ol
utllow aperture 26. The device 10 is then inserted through
e incision IN and into the anterior chamber AC (with
rigation flowing). In some cases, during the insertion of the
cvice 10, the source of irrigation fluid 72 may initially
onnected (o the device such that the irrigation fuid will
low through the lumen 19 of the distal portion of inner ube
4. In this manner, irrigation fluid will begin 1o infuse into
e anterior chamber AC as soon as the distal tip of the
rotruding distal portion of inner Wwbe 14 has entered the
nierior chamber AC rather than being del until the
rger outer tube 12 and aperture 26 have been advanced
u'ougl.\ the incision IN and into the anterior chamber. By
is allemative dppnmch irvigation fluid may be caused (o
ow out ol the incision IN as the device 1 is bei riod.
ereby spreading or opening (he incision. Such spreading or
pening of the incision IN may facilitate advancement of the
rger diameter outer tube 12 through the incision IN. In
ses where this aliemative approach is used. (he source of
fusion Muid 72 will be disconnected [rom lumen 19 alter
e device has been inserted into the anterior chamber AC
d, thereafter, the infusion fluid source 72 will be recon-
ected 1o [umen 16 of owter tube 12 such that infusion fluid
ill flow out of aperture 26. Negative pr
B iciion e ale T ieabe sl 1 Tinsen

g. via

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
Patent Owner Ex. 2034

during surgical procedures may be accomplished by use of
an aspiration footpedal 78 which controls an aspiration
pump 74, and use of an clecirosurgical footpedal 80 which
controls the clectrosurgical gencrator 76, One or both of the
footpedals 78 and 80 may be pressure sensitive such that
operating power is controllable by the depth or distance at
which the footpedal is pressed or moved by the operator.
Lurthermore, footpedals 78 and 80 may be combined inlo a
single functional unit. The culting or ablation device 10 may
be provided as a pre-sterilized, single-use disposable probe
that is attachable to a standard surgical handpiece. After the
cutling and ablation device has been attached (o the hand-
picee, further connections to the ¢l
module 76. the aspiration pump module 74 and the source of
irrigation fluid 72, may be implemented as shown. Thus, the
cutting or ablation device 10 has irrigation, aspiration, and
clectrosurgical capabilities, as deseribed herein.

A surgical procedure using the device 10 of the present
invention may be performed as follows.

Method for Performing Gonicelomy

“The device 10 and system 11 are useable (o 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 of tissuc. a sirip of tissue of a desired width.

1I1GS. 4A-4C. show an example of a gonieclomy proce-
dure that may be performed to trear glaucoma, using the
device 10 and system 11 of the present invention. This
goniectomy procedure is an ab interno surgical procedure
wherein a sector of the rabecular meshwork TM is removed
from the cye ol the palient to lacilitate drainage of aquoous

40

st

65

10

of the inner tube 14 so as 10 aspirate Huid and debris
through lumen 19. The vertical height of the infusion fluid
source 72 may be adjusted to provide suflicient gravity feed
olinfusion fuid 0 make up for the velume of Quid or matler
being aspirated from (he anterior chamber AC through
Iumen 19, thereby maintaining the desired pressure of fuid
within the anterior chamber AC during the procedure.

A lens device (e, Qcular Single Mirror Gonio. Madel
QOSMG, Qcular Instruments Ildlcvuc Wash.) may be posi-
tioned on the anterior aspeet ol the cye o enable the

hysician to clearly visualize the angle A where the segment
of rabecular meshwork TM is to be removed. Under such
visualization. the device 10 is advanced until the distal tip o
the cutter tube or inner tube 14 is positioned adjacent to the
teabecular meshwork TM at the location where the strip is to
be removed. Thereafter, the protector is advanced through

IJ.\e trabecular meshworle TM and into Schlemm’s Canal SC.
© Lissue ulllmg or ablation apparatus, such i

device 10 is 1d\anced along Schlemm's Canal, thereby
causing the mmng or ablation apparatus, suoh as bipolar

mc\hwmk I'M 1o cry

In the bipolar embodiments ol the deviee 10 shown in
FIG. 2 or 5A-5B, discharge of electrosurgical energy via the
bipolar electrodes 21, 22 or 46, 47 will remove a full
thickness strip of lissue [rom the trabecular meshwork 1M
withoul traumatizing the underlying walls of Schlemm’s
canal and/or the collector channels, as those structures
remain protected from the electrosurgical energy by the
advancing protector 24 or 52. The insulated protector 24 or
52 serves (wo primary purposes: 1) the size and shape of the
protecior 24 or 52 allows ils placement in Schlemm's Canal

Petitioner - New VWorld Medical
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intensity light. pulsed or non-pulsed Taser light, light that is
infrared, visible and/or vlraviolet, et¢.), mechanical tissue
curting or ablation apparatus (e.g., knife blade(s), scissox(s),
rotating cutter(s), etc.), ultrasonic cutting or ablation appa-
ratus (e.g.. an ultrasound (ransmission member that exiends
through the device to a location adjacent the first side ol the
protector and undergoes axial or radial ultrasonic vibration)
or others.

The device 10 further comprises a protector 24 having a
ed adjacent (o the cutling or ablating appara-
ond side located on a di; most portion of the
device 10. The protector 24 is structured and designed 1o
preventing damage to tissue located near the tissue to be cut.
lior example. (he protector 24 is designed (o prolect or
prevent any substantial damage (o surfaces of Schlemm’s

utilized 10 cut portions of

goniectomy procedure.
0 may be structured such

apparatus (¢.g. he clee-
ictured (0 cause (hermal

or example, the protector

The device 10 turther comprises a protector 24 having a ==

entirely of an insulating
ally. the prolecior 24 may

first side located adjacent to the cutting or ablating appara- ;fmsﬁ%sz;s:;;ﬁz
tus, and a second side located on a distal-most portion of the iz

ich prelerably operates as
ontrel of the console 70
e accomplished by use of

evice 10. The protector 24 1s structured and designed to [

o 76. One or both of the
essure sensitive such that
by the depth or distance at

reventing damage to tissue located near the tissue to be cut.  po

ngle-use disposable probe
pical handpiece. After the
cen atlached (o the hand-

or example, the protector 24 i1s designed to protect or | =5

hented as shown. Thus, the
irrigation, aspiration, and
cribed herein.

revent any substantial damage to surfaces of Schlemm’s ="

g Gonicclomy

are uscable o perform a

[ a desired width.

canal while the device 10 1s being utilized to cut portions of iz

e of a gonieclomy proce-
freat glaucoum usn.\“ IJ.\e

meshwork TM is remaved

the trabecular meshwork during a goniectomy procedure.

ltate drainage of aqueous
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10
humor from the anterior chamber AC ol the eye through
Shlemm's Canal and the associated collector channels CC,
thereby relieving elevated imraocular pressure.

First, a small incision IN is made in the cornea C at about
3 o'clock in the lefi eye, or at about § o’clock in the right
eye. A 1.5 mm slit knife may be used 1o make this incision
IN.

The device 10 is attached to the source of irrfgation fhuid
72 (.., balanced sall solutiony such that irrigation Muid will
flow through lumen 16 ol the outer tube 12 and oul ol
outflow aperture 26. The device 10 is then inserted through
the incision IN and into the anterior chamber AC (with
irrigation flowing). In some cases, during the insertion of the
device 10, the source of imigation fluid 72 may initially
conneeted o the device such that the irrigation Muid will
flow through the lumen 19 of the distal portion of inner ube
14. In this manner, irrigation thuid will begin 1o infuse into
the anterior chamber AC as soon as the distal tip of the
protruding distal portion of inner tbe 14 has cniered the
anterior chamber AC. rather than being del until the
lacger outer tube 12 and aperture 26 have been advanced
through the incision IN and into the anterior chamber. By
this altemative dppnh\th irrigation (luid may be caused (o
flow out of the incision IN as the device 10 is bei riod.
therchy spreading or opening (he incision. Such spreading or
opening of the ineision IN may facilitate advancement of the
larger diameter outer tube 12 through the incision IN. In
s where (his allernative approach is used. (he source of
infusion Muid 72 will be disconnected [rom lunen 19 alter
the device has been inserted imto the anterior chamber AC
and, thereafter, the infusion fluid source 72 will be recon-
nected to lumen 16 of outer tube 12 such that infusion fluid
will flow out of aperture 26. Negative pr
aspieation pt e il T e leahe sl 1 Tngor
19 of the inner tube 14 so as 1o aspirate tluid and debris
through lumen 19. The vertical height of the infusion fluid
source 72 may be adjusted to provide suflicient gravity feed
olinfusion fuid 0 make up for the velume of Quid or matler
being aspirated from (he anterior chamber AC through
Iumen 19, thereby maintaining the desired pressure of fuid
within the anterior chamber AC during the procedure.

A lens device (e, Qcular Single Mirror Gonio. Madel
QOSMG, Qcular Instruments Ildlcvuc Wash.) may be posi-
tioned on the anterior aspeet ol the cye o enable the

hysician to clearly visualize the angle A where the segment
of rabecular meshwork TM is to be removed. Under such
visualization. the device 10 is advanced until the distal tip o
the cutter tube or inner tube 14 is positioned adjacent to the
teabecular meshwork TM at the location where the strip is to
be removed. Thereafter, the protector is advanced through

the trabecular meshworle TM and into Sehlemum’s Canal SC.
© Lissue ulllmg or ablation apparatus, such i

g. via

device 10 is 1d\anced along Schlemm's Canal, thereby
causing the mmng or ablation apparatus, suoh as bipolar

mc\hwmk I'M 1o cry

In the bipolar embodiments ol the deviee 10 shown in
FIG. 2 or 5A-5B, discharge of electrosurgical energy via the
bipolar electrodes 21, 22 or 46, 47 will remove a full
thickness strip of lissue [rom the trabecular meshwork 1M
withoul traumatizing the underlying walls of Schlemm’s
canal and/or the collector channels, as those structures
remain protected from the electrosurgical energy by the
advancing protector 24 or 52. The insulated protector 24 or
52 serves (wo primary purposes: 1) the size and shape of the
protecior 24 or 52 allows ils placement in Schlemm's Canal
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13
insulation may be applicd in & Tiquid form, for cxample, the
insulation may be applied as liquid polyimide, which is then
cured.
Qnce the second electrode 21 s appropratelv placed.

wherein the

first side of the protector member comprises an incline

which slopes upwardly from the tip and wherein the
protector member has a width which tapers to its

narrowest point at the tip; an

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
Patent Owner Ex. 2034

wae Sotrode mechantom, & o
radially inwardly i ind leg 22 (M1G. 3G). In addition
clectrically conductive member 45 may e positioned or

disposed generally along a central axis of the inner tube 44
rather than outwardly theretrom such as electrically condue-
tive member 20. The electrical. onductive member 45
includes second pole or second clectrode 47 ol the electrode
mechanism.

As shown, electrically conductive member 45 may be
held in place by means of bracket portions 4% formed from
portions of second leg 46, as shown. The bracket portions 49 5
are preferably wiilized for [acilitating positioning of the
dlectrically conductive member 45 during assembly. Adhe-
sive and/or other means may be provided for securing the
electrically conductive member 45 in place.
ine an imigation lumen
in Mluid communication with irrigation port 48. Inner tube 44
may include aspiration/irrigation lumen 50,

12

14

“The imvention has been deseribed herein with relorence to
certain examples and embodiments only. No effort lias been
made 1o exhaustively describe all possible examples and
embodiments of the mvention. Indeed. those of skill in the
arl will appreciate (hat various additions, deletions. modifi-
cations and other changes may be made to the above-
described examples and embodiments, withour departing
[rom the intended spirit and scope ol the invention as recited
in the [ollowing claim: s intended that all such additions.
i ns and other changes be included
cope of the following claims.

1. A device that is insertable into the anterior chamber of

eve and useable 1o form an opening in the trabecular

work of that eve, said device comprising:

dongale probe having a Tongitudinal axis and a distal

{ion that is insertable into the anterior chamber ol
ve:

r member on a distal end of the distal portion of
e, said protector member being orierred in a
celion relative Lo said Tongitudinal axis and
having T st side, a second side and a tip, wherein the
first side of the protector member comprises an incline
which slopes upwardly from the tip and wherein the
protecior member has a width which tapers to its
narrowest point at the tip; and
a plurality of knife Blades positioned (o cul tissue that
passes over the first side of the protector member;

wherein the protector member is configured such that,
after an msertion ol the distal portion of the clongate
probe into an anlerior chamber ol 2n eye, the protecior
member s imsertable. tp first. through the trabecular
meshwork and into Schlemm’s Canal, the distal end of
the probe being thereafter moveable in the lateral
direction therehy causing the protector member (o
advance through Schlemm’s Canal such thal trabecular
meshwork tissue passes over the incline and a strip of
trabecular meshwork tissue becomes cut by said knife
blades.

2. Adevice according o claim 1 wherein the knile blades
are aperalive Lo cul a strip of lissuc having a widih [rom 50
pm o 200 pm, from the tabecular meshwork.

3. A device according 1o claim 1 further comprising an
irigation Tume:

4. A device according to claim 1 [urther comprising an

S aspiration lumen.

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

6. A device according to claim 1 wherein the second side
of the protector member is configured so as nol (o damage
tissues adjacent thereto as the protector member is advanced
through Schlernm’s Canal.

7. Adevice according to claim 1 wherein said knife blades
are localed a spaced distance apart o cul a sirip of tissue the
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Aspiration and irrigation may be provided by an aspira-
tion pump 770 and irrigation pump 780. The aspiration
pump 770 is connected to a standard vacuum supply line to
promote the wi of the ion fluid. irati
vacuum control may be provided by an aspiration valve. In
a preferred embodiment, as shown in FIG. 8, both irrigation
and aspiration may be provided by the same lumen 822,
alternating the pump as needed. However, the irrigation
lumen 922 and aspiration lumen 924 are separate in the
embodiment of FIG. 9, providing for simultaneous irrigation
and aspiration. Trrigation under pressure flushes blood from
the eye and expands the anterior chamber, providing more
room for the procedure.

The handle 705 may be made of an electrically insulating
polymeric material, configured in a pencil-shape form hav-
ing a cylindrical body region 702 and a tapered forward
region 704. A contoured handle helps to reduce the holding
force required and increase proprioceptive sensitivity.
Although a pencil-shape configuration is preferred, it is
noted that any configuration of the handle 705 which is
easily, comfortably and conveniently grasped by the opera-
tor will also be suitable and is considered to be within the
scope of the present invention.

The probe tip 710 is connected to the main body of the
handle 705. The probe tip further comprises a footplate 721,
‘which protects the collector channels, penetrates the trabe-
cular meshwork, and serves as a guide in Schlemm’s canal.
The cautery element 730, located at the distal end of the
probe tip 710 may have a variety of configurations.

The tip 710 may be any material, such as titanium, brass,
nickel. aluminum. stainless steel. other types of steels, or
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The probe tip 710 1s connected to the main body of the
handle 705. The probe tip further comprises a footplate 721,
which protects the collector channels, penetrates the trabe-
cular meshwork, and serves as a guide 1n Schlemm’s canal.
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flow and capacitance coupling with the tissue.

The electrode or other device used to deliver energy can
be made of a number of different materials including, but not
limited to stainless steel, platinum, other noble metals, and
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10
the like. The electrode can also be made of a memory metal,
such as nickel titanium. The electrode can also be made of
composite construction, whereby different sections are con-
structed from different materials.

Ina preferred embodiment, the probe assembly is bipolar.
In a bipolar system, two electrodes of reversed polarity are
located on the probe tip, thus eliminating the contact plate
for ion of the circuit. Additi any number of
pairs of electrodes may be provided on the probe tip.

In an alternative embodiment, the probe assembly is
monopolar. In a monopolar system, the system comprises a
single electrode and a contact plate is attached to the surface
of the human body. The contact plate is further connected to
the minus terminal of the power source via a lead wire.
Voltages of reversed polarity are applied to the electrode and
the contact plate.

In a preferred embodiment as shown in FIGS. 10a and
10b, an electrode assembly of a bipolar probe includes one
electrode 1020 made from a stainless steel 20 gauge hollow
needle and a second electrode 1030 formed as a layer of
electrically conductive material (such as silver or nickel)
deposited over and adhered on an exterior surface of the
needle electrode 1020. A thin electrical insulator 1028
separates the electrodes 1020, 1030, along their lengths to
avoid short circuiting.

The electrode 1020 extends along a longitudinal axis 1072
of the footplate 721 (FIG. 7) from a proximal region at
which bipolar electrical power is applied o a distal region of
the electrode assembly.

In a preferred embodiment, the second electrode 1030
extends over a limited portion of the circumference of the
first electrode 1020, rather than entirely around the first
electrode. Current flows over a relatively small portion of
the circumference and length of the first electrode 1020. This
limits the area in the body that receives current, and provides
the operator with a high degree of control as to where the
current is applied. The second electrode 1030 extends over
an arc of approximately one quarter of the circumference 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 footplate 721, has a central passage 1022 that is open at
the distal region, providing for 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 embodiment as shown in FIGS. 11a and 115, the
electrode assembly includes a central or axial electrode 1120
formed by a solid cylindrical metal member, and an elongate
hollow outer electrode 1130 formed by a cylindrical metal
tube member, which is coaxially positioned around the
central electrode 1120. The cylindrical outer surface of
electrode 1130 forms the circumferential surface of the
probe. The outer electrode 1130 is preferably made of
stainless steel or other corrosive resistant, conductive mate-
rial for strength as well as conductivity. The inner electrode
1120 may be made of copper, but less conductive materials
may also be employed. The coaxial relationship and spacing
between the electrodes 1120, 1130, as well as their electrical
isolation from one another. is provided by a tubular sleeve
1128 of an electrically insulating material between the
electrode.

A layer of insulation 1132 may also surround the second
electrode 1130. One or more regions of insulating area 1132
may be removed at any suitable location along the axis to
expose a region of electrode 1130. Cauterization would
occur at the exposed region. The circumferential extent of

Petitioner - New World Medical
Ex. 1001, p. 46 of 53

Complex Cases,

Simplified




’544 Patent 13:43-45

US 9,999,544 B2

13

hetized the eye. A knife, 20 gauge, is used to
make a clear corneal temporal incision. The goniectomy
instrument is inserted into the anterior chamber up to the
infusion sleeve to maintain the intraocular pressure and
deepen the anterior chamber. The surgeon positions the s
gonio lens, preferably a Schwann-Jacobs lens or a modified
Barkan goniotomy lens, on the comea. The goniectomy
probe is advanced to the trabecular meshwork. The sharp
end point of the footplate incises the middle one third of the
trabecular meshwork, which is known as the pigmented 10
portion of the trabecular meshwork. The footplate 721 (FIG.
7) is further inserted into Schlemm’s canal. The cautery
element is activated, preferably by a footplate, which may
also be used to activate irrigation and aspiration. The current
awovided 1o the cantery element hears the tisse The insio:

Goniectomy Cutting Probe. Another preferred embodi-
ment of a goniectomy cutting probe, used
trabecular meshwork, 1s shown i FIG. 18. ¢ nrobe

to cut and remove

usly described. However, rather than cutting the tissue

14
rotatable drive shaft is inserted into a bore formed in the
distal face of the drive member.

The elongate rotatable drive shaft 1944, 2044 passes
longitudinally through the probe and terminates, at its distal
end, in a cutting head 1945, 2045. A protective tubular
sheath may be disposed about the rotatable shaft. The
rotatable shaft and/or sheath are axially movable so as to
allow the cutting head to be alternately deployed in a) a first
non-operative position wherein the cutting head is fully
located within the inner bore of the tubular sheath so as to
be shielded during insertion and retraction of the instrument
or b) a second operative position wherein the cutting head is
advanced out of the distal end of the sheath so as to contact
and remove the trabecular meshwork. The cutting head
1945, 2045 may be configured such that rotation of the head
will create and sustain a forced circulation of fluid within the
meshwork. Such forced circulation causes the trabecular
meshwork to be pulled or drawn into contact with the
rotating. cutting head, without the need for significant axial
movement or manipulation of the probe while the cutting
head is rotating.

A control pedal may be connected to the motor-drive
system to induce actuation/deactuation, and speed control of
the rotatable drive cable within the drive cable assembly by
the operator. Additional switches or control pedals may be
provided for triggering and actuating irrigation and/or aspi-
ration of fluid and/or debris through the probe.

The probe of FIG. 19, shows the probe 1900 having two
separate lumens, 1922, 1924, for irrigation and aspiration.
The hollow 2022 extendi itudi
through the probe of FIG. 20, containing the rotatable drive
shaft, is in fluid communication with an irrigation pump (not
shown). By such arrangement, a flow of irrigation fluid may
be infused through the tube. A separate lumen 2024 is also
provided for aspiration.

The independent processes of irrigation and aspiration
may be performed simultaneously with the rotation of the
head or while the head is in a non-rotating, stationary mode.
It will also be appreciated that the infusion and aspiration

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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ife, the tissue is ablated with the probe. Similarly, 40

pathways may be reversed or interchanged by alternately

bodi a ortion, p
at least half, of the trabecular meshwork is removed.

Goniectomy Cutting Probe. Another preferred embodi-
ment of a goniectomy cutting probe, used to cut and remove
trabecular meshwork, is shown in FIG. 18. The probe 45
comprises a handle 1805 and a probe tip 1810. Preferably,
the handle is 20 gauge and the probe tip is approximately 25
gauge. The handle 2405 is sized and configured to fit
completely and comfortably within a hand. The handle 2405
may be formed of a variety of materials, including plastics, 50
and may be designed in a variety of shapes. Generally, it will
be preferred that a convenient shape for gripping, such as a
cylindrical shape, be provided. The probe tip 1810 further
comprises a footplate 1820, protecting endothelial cells and
collector channels lining the scleral wall of Schlemm’s ss
canal. The footplate 1820 also serves as a guide in
Schlemm’s canal. The sharpened end of the footplate is used
1o penetrate the trabecular meshwork.

FIGS. 19-20 show sectional views of different embodi-
ments of the internal components and construction of the 60
probe 1800. The probe is configured to 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 rotatably connected or engaged to the drive 65
member, such that the shaft may be rotatably driven at
speeds required for the trabecular meshwork removal. The

15

the aspiration pump to the irrigation tubing and
irrigation pump to the aspiration tubing.

In an alternative embodiment, as shown in FIGS. 21-23,
the probe cuts tissue in a guillotine fashion. As shown in
FIG. 21, the probe 2100 may include an inner sleeve 2144
that moves relative to an outer sleeve 2146. The sleeves are
coupled to the handle. The inner sleeve 2144 may be coupled
10 a vacuum system which pulls tissue into the port 2125
when the inner sleeve 2144 moves away from the port. The
inner sleeve 2144 then moves in a reverse direction past the
outer port to sever tissue in a guillotine fashion. The vacuum
system draws the severed tissue away from the port, so the
process may be repeated. The inner sleeve may be connected
to a diaphragm and a spring, rigidly attached to the handle.
The diaphragm is adjacent to a pneumatic drive chamber
that is in fluid communication with a source of pressurized
air (not shown). The drive chamber is pressurized, expand-
ing the di ion of the di; moves the
inner sleeve so that the tissue within the port is severed by
the sleeve. Alternatively, the inner sleeve 2144 is driven by
a motor located within the handle. The inner sleeve 2144 is
coupled to the motor by a rotating lever mechanism or
wobble plate, inducing an oscillating translational move-
ment of the sleeve in response to a rotation of the output
shaft. The motor is preferably an electrical device coupled to
an external power source by wires that are attached to a
control system at the handle.
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hetized the eye. A knife, 20 gauge, is used to
make a clear corneal temporal incision. The goniectomy
instrument is inserted into the anterior chamber up to the
infusion sleeve to maintain the intraocular pressure and
deepen the anterior chamber. The surgeon positions the 5
gonio lens, preferably a Schwann-Jacobs lens or a modified
Barkan goniotomy lens, on the cornea. The goniectomy
nrohe is advanced 1o the The sharp

e A &

= 5

comprises a footplate 1820, protecting endothelial cells and
collector channels lining the scleral wall of Schlemm’s
canal. The {footplate 1820 also serves as a guide in
Schlemm’s canal. The sharpened end of the footplate 1s used
to penetrate the trabecular meshwork.

\

The probe tip 1810 further
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preferred that a convenient shape for gripping, such as a
indrical shape, be provided. The probe tip 1810 further
rises a footplate 1820, protecting endothelial cells and
or channels lining the scleral wall of Schlemm’s ss
Canal. The footplate 1820 also serves as a guide in
Schlemm’s canal. The sharpened end of the footplate is used
1o penetrate the trabecular meshwork.

FIGS. 19-20 show sectional views of different embodi-
ments of the internal components and construction of the 60
probe 1800. The probe is configured to 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 rotatably connected or engaged to the drive 65
member, such that the shaft may be rotatably driven at
speeds required for the trabecular meshwork removal. The

16
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rotatable drive shaft is inserted into a bore formed in the
distal face of the drive member.

The elongate rotatable drive shaft 1944, 2044 passes
longitudinally through the probe and terminates, at its distal
end, in a cutting head 1945, 2045. A protective tubular
sheath may be disposed about the rotatable shaft. The
rotatable shaft and/or sheath are axially movable so as to
allow the cutting head to be alternately deployed in a) a first
non-operative position wherein the cutting head is fully
located within the inner bore of the tubular sheath so as to
be shielded during insertion and retraction of the instrument
orb) a second operative position wherein the cutting head is
advanced out of the distal end of the sheath so as to contact
and remove the trabecular meshwork. The cutting head
1945, 2045 may be configured such that rotation of the head
will create and sustain a forced circulation of fluid within the
meshwork. Such forced circulation causes the trabecular
meshwork to be pulled or drawn into contact with the
rotating. cutting head, without the need for significant axial
movement or manipulation of the probe while the cutting
head is rotating.

A control pedal may be connected to the motor-drive
system to induce actuation/deactuation, and speed control of
the rotatable drive cable within the drive cable assembly by
the operator. Additional switches or control pedals may be
provided for triggering and actuating irrigation and/or aspi-
ration of fluid and/or debris through the probe.

The probe of FIG. 19, shows the probe 1900 having two
separate lumens, 1922, 1924, for irrigation and aspiration.
The hollow passag 2022 extending longitudi
through the probe of FIG. 20, containing the rotatable drive
shaft, is in fluid communication with an irrigation pump (not
shown). By such arrangement, a flow of irrigation fluid may
be infused through the tube. A separate lumen 2024 is also
provided for aspiration.

The independent processes of irrigation and aspiration
may be performed simultaneously with the rotation of the
head or while the head is in a non-rotating, stationary mode.
Tt will also be appreciated that the infusion and aspiration
pathways may be reversed or interchanged by alternately
connecting the aspiration pump to the irrigation tubing and
irrigation pump to the aspiration tubing.

In an alternative embodiment, as shown in FIGS. 21-23,
the probe cuts tissue in a guillotine fashion. As shown in
FIG. 21, the probe 2100 may include an inner sleeve 2144
that moves relative to an outer sleeve 2146. The sleeves are
coupled to the handle. The inner sleeve 2144 may be coupled
10 a vacuum system which pulls tissue into the port 2125
when the inner sleeve 2144 moves away from the port. The
inner sleeve 2144 then moves in a reverse direction past the
outer port to sever tissue in a guillotine fashion. The vacuum
system draws the severed tissue away from the port, so the
process may be repeated. The inner sleeve may be connected
1o a diaphragm and a spring, rigidly attached to the handle.
The diaphragm is adjacent to a pneumatic drive chamber
that is in fluid communication with a source of pressurized
air (not shown). The drive chamber is pressurized, expand-
ing the di ion of the di; moves the
inner sleeve so that the tissue within the port is severed by
the sleeve. Alternatively, the inner sleeve 2144 is driven by
a motor located within the handle. The inner sleeve 2144 is
coupled to the motor by a rotating lever mechanism or
wobble plate, inducing an oscillating translational move-
ment of the sleeve in response o a rotation of the output
shaft. The motor is preferably an electrical device coupled to
an external power source by wires that are attached to a
control system at the handle.
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invention. Accordingly, it is not intended that the invention
be limited, except as by the appended claims.
What is claimed is:
1. A device useable to create an opening in the trabecular
meshwork of the eye comprising:
an elongate surgical instrument comprising a probe shaft
having a distal end and a longitudinal axis: and
a foot member which comprises a platform on the distal
end of the probe shaft, said platform having a tip, an
upper side, a lower side and being set at an angle
relative to the longitudinal axis of the probe shaft;
wherein the foot member is insertable, tip first, from a
position withi ior chamber, through the tra-
Schlemm’s Canal such that
cleral wall of Schlemm’s
next to the trabecular

10

5

lemm’s Canal, the

US 9,999,544 B2

24
7. A device according to claim 1 wherein the bottom side
of the foot member is configured such that advancing the
foot member through Schlemm’s Canal does not cause
clinically significant damage to collector channels which
emanate from Schlemm’s Canal.

8. A method for performing a surgical procedure within

the eye of a subject, said method comprising the steps of:

A) obtaining or providing a device according to any of
claims 1 through 7;

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

C) inserting the surgical instrument, distal end first,
through the opening and into the anterior chamber of
the eye;

D) inserting the foot member, tip first, from a position
within the anterior chamber, through the trabecular

i "

a foot member which comprises a platform on the distal [
end of the probe shaft, said platform having a tip, an }=
upper side, a lower side and being set at an angle
relative to the longitudinal axis of the probe shaft;

h that the
Schlemm’s
trabecular

am’s Canal
procedure

trabecular
member as
Canal.
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GONIOSCOPIC TRABECULOTOMY. FIRST RESULTS

MANUEL QUINTANA
(Barcelona, Spain)

ABSTRACT

We describe a surgical method of goniotrabeculotomy which achieves a
section of the trabecular meshwork without damage to the external wall of
Schl ’s canal. Complications are minimal. A one year follow-up shows a
fall of intraocular pressure in almost all cases. However, this effect is non-
lasting and a slow rise in pressure occurs in most cases. Yet, medical therapy,

er control than before the operation and usually

We describe a surgical method of goniotrabeculotomy which achieves a |uwoncro
section of the trabecular meshwork without damage to the external wall of P

Schlemm’s canal.

glaucomas”). Thus, the rational treatment of
uld consist in opening the trabecular meshwork
d since the last century (11, 12, 13) and many
), but all the techniques described so far have
vitro evidence (6, 7) of the effectiveness of

IPR2020-01573 Paper 29 at 1-6, 12-22, 24-39, 42- 45, 48, 54-55; 2020-01711 Paper 17 at 1-7, 20-44, 47-50, 54, 57;
2021-00017 Paper 17 at 1-5, 10-34, 38; 2021-00065 Paper 18 at 1-4, 11-31; 2021-00066, Paper 17 at 1-3, 5, 12-46.
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MATERIAL AND METHODS

A technique of trabeculotomy has been devised, which eliminates most of the
presumed causes of failure of previous methods. The patient is operated
under general anaesthesia; both eyes can be done at the same time. Pupils
should be miotic. A coaxial operating microscope is necessary, with magni-
fication of x 10. We favour the Swann lens for angle visualisation. Our
trabeculotome is a 0.4 x 15 mm needle, or an insuline-type needle; we bend
the tip 20—30° with a needle-holder; a factory-made needle (Morie, France) is
even better. The needle is inserted into a syringe filled with “healon”.
“Modus operandi” is as in classical goniotomy (surgeon in the temporal side
of the patient, patient’s head rotated away from the surgeon, assistant holding

265
E.L. Greve, W. Leydhecker & C. Raitta (eds.), Second European Glaucoma Symposium, Helsinki 1984.
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GONIOSCOPIC TRABECULOTOMY. FIRST RESULTS
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ABSTRACT

We describe a surgical method of goniotrabeculotomy which achieves a
section of the trabecular meshwork without damage to the external wall of
Schl ’s canal. Complications are minimal. A one year follow-up shows a
fall of intraocular pressure in almost all cases. However, this effect is non-

Our re the operation and usually
trabeculotome is a 0.4 x 15 mm needle, or an insuline-type needle; we bend  fuus o

m in the majority of open-

. o . ' . . s, the rational treatment of
the tip 20—30" with a needle-holder; a factory-made needle (Morie, France) is [
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MATERIAL AND METHODS

technique of trabeculotomy has been devised, which eliminates most of the
sumed causes of failure of previous methods. The patient is operated
der general anaesthesia; both eyes can be done at the same time. Pupils
uld be miotic. A coaxial operating microscope is necessary, with magni-
ication of x 10. We favour the Swann lens for angle visualisation. Our
trabeculotome is a 0.4 x 15 mm needle, or an insuline-type needle; we bend
the tip 20—30° with a needle-holder; a factory-made needle (Morie, France) is
even better. The needle is inserted into a syringe filled with “healon”.
“Modus operandi” is as in classical goniotomy (surgeon in the temporal side
of the patient, patient’s head rotated away from the surgeon, assistant holding
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E.L. Greve, W. Leydhecker & C. Raitta (eds.), Second European Glaucoma Symposium, Helsinki 1984.
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Fig. 1. Schematic drawing comparing the tangential approach to the perpendicular
approach as in classic goni or goniots y.

the vertical recti). The needle penetrates the anterior chamber at 6 hours
(right eye) or 12 hours (left eye) through the scleral side of the limbus; this is
in order to run parallel to Schlemm’s canal. Penetration at 6 or 12 hours
allows a tangential approach (Fig. 1) to the angle; this avoids the pupillary
field and the convexity of the lens. Penetration is carried on under direct
control, to avoid the prismatic effect of the goniolens. Once the needle is in

inserted, held with the surgeon’s left
ting agent between cornea and gonio-

Penetration at 6 or 12 hOUTIS i s s o

of the instrument is introduced into
d slowly, gently and easily from the

allows a tangential approach (Fig. 1) to the angle; this avoids the pupillary puissesses

field and the convexity of the lens.

is why we bend the tip and we point

rotate the globe clockwise as the
e counter-clockwise. A 100—120°
can be injected at will at any time if
There is usually no chamber loss, but

IPR2020-01573 Paper 29 at 1-6, 12-22, 24-39, 42- 45, 48, 54-55; 2020-01711 Paper 17 at 1-7, 20-44, 47-50, 54, 57;
2021-00017 Paper 17 at 1-5, 10-34, 38; 2021-00065 Paper 18 at 1-4, 11-31; 2021-00066, Paper 17 at 1-3, 5, 12-46.
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Once trabeculotomy is completed, the trabeculotome is withdrawn, taking
care of injecting some healon before leaving the anterior chamber (internal
“tamponnade™); this avoids any loss of aqueous and the chamber remains
full. The goniolens and rectus forceps are also withdrawn. A steroid-antibiotic

ointment is applied, as well as a mild mydriatic. The eyes are patched for 24
hours.

266
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it towards the anterior chamber.

Only the tip of the instrument is introduced into
Schlemm’s canal, and the TM is stripped slowly, gently and easily from the
canal’s lumen towards the anterior chamber as the needle progresses in the
angle (Fig. 2). Since the convexity of the tip is facing the external wall of the
canal, this structure is not damaged. This is why we bend the tip and we point

IPR2020-01573 Paper 29 at 1-6, 12-22, 24-39, 42- 45, 48, 54-55; 2020-01711 Paper 17 at 1-7, 20-44, 47-50, 54, 57;
2021-00017 Paper 17 at 1-5, 10-34, 38; 2021-00065 Paper 18 at 1-4, 11-31; 2021-00066, Paper 17 at 1-3, 5, 12-46.
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tangential approach to the perpendicular
abeculotomy.

rates the anterior chamber at 6 hours
gh the scleral side of the limbus; this is
’s canal. Penetration at 6 or 12 hours
) to the angle; this avoids the pupillary
Penetration is carried on under direct
of the goniolens. Once the needle is in
is inserted, held with the surgeon’s left
etting agent between cornea and gonio-

pof the needle. From now on, and with the
concavity of the tip zowards the surgeon, the trabeculotome is progressively
introduced in the angle. Only the tip of the instrument is introduced into

=~ Schlemm’s canal, and the TM is stripped slowly, gently and easily from the

canal’s lumen towards the anterior chamber as the needle progresses in the
angle (Fig. 2). Since the convexity of the tip is facing the external wall of the
canal, this structure is not damaged. This is why we bend the tip and we point
it towards the anterior chamber.

As in goniotomy, the assistant will rotate the globe clockwise as the
surgeon introduces the trabeculotome counter-clockwise. A 100—120°
trabeculotomy can be achieved. Healon can be injected at will at any time if
the surgeon wants to deepen the angle. There is usually no chamber loss, but
if this is the case, healon is injected.

Once trabeculotomy is completed, the trabeculotome is withdrawn, taking
care of injecting some healon before leaving the anterior chamber (internal
“tamponnade™); this avoids any loss of aqueous and the chamber remains
full. The goniolens and rectus forceps are also withdrawn. A steroid-antibiotic
ointment is applied, as well as a mild mydriatic. The eyes are patched for 24
hours.
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Fig. 2. Goniophotography at operation. The tip of the needle stripping the trabecular
meshwork.

atients have been operated with this technique,
e year (mean). There are 13 eyes with chronic

entary glaucoma, 4 disgenetic and 1 steroid-
in Table 1

The tip of the needle stripping the trabecular
meshwork.

Steroids and we dilate the pupils (see discussion).
Clinical results

The behaviour of the ocular pressures over one year is represented in Table 1
and Fig. 3. They can be summarized as follows: fall of pressure below 20 mm
Hg in almost all cases in the first postoperative weeks, followed by a progress-
ive rise in the second month (mean). From the second month, medical
therapy must be reinstituted in most cases, although less intensively in
regard to the preoperative treatment. At one year, most cases are controlled,
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of the sectioned trabecular meshwork.

In conclusion, our results show that goniotrabeculotomy, although highly
successful in the first postoperative month, is in the end a partially successful
procedure. Further studies are necessary to disclose the “in vivo” behaviour

but very few without treatment. Treatment is always weaker than preoperat-
ively.

DISCUSSION

The fall of pressure was predictable and is a clinical proof of the pathogenic
mechanism of the TM in open-angle glaucomas. The rise in pressure after
a few months indicates that there is some kind of repair in the surgically
damaged area. Yet, the trabecular meshwork cells are known not to repro-
duce; moreover, with this technique the scleral wall of Schlemm’s canal is
not damaged. But the remaining cells can enlarge, as do the corneal endo-
thelial cells, and this is the subject of our present research; complete repair
does not seem to take place in the majority of cases, since in almost all of
them the medical control is better than before the operation.

Hyphema is attributed to reflux from the open Schlemm’s canal and is
always transient.

Iritis with secondary atrophy, similar to the “Urrets syndrome” described
after some cases of keratoplasty, is attributed to the liberation of pros-
taglandins by the damaged trabecular cells. Avoiding postoperative miosis
(since the angle is open) and therapy with topical steroids and antiprostag-
landins systemically or topically avoids iritis; this complication occurred in
some of our first cases, but no more after we instituted the above-mentioned
postoperative care.

In conclusion, our results show that goniotrabeculotomy, although highly
successful in the first postoperative month, is in the end a partially successful
procedure. Further studies are necessary to disclose the “in vivo” behaviour
of the sectioned trabecular meshwork.
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MICROSURGERY OF SCHLEMM'S CANAL AND THE HUMAN
: AQUEOUS OUTFLOW SYSTEM o

Murray A. JoHNSTONE, M.D.,

Boston, Massachiisetts

One basis for some of the present ap-
proaches to microsurgery of Schlemm’s ca-
nal is the finding by Grant* that approxi-
mately 75% of the resistance of the aqueous
outflow system could be eliminated in per-
fused enucleated human eyes by providing
an opening from the anterior chamber into
Schlemm’s canal by internal trabeculotomy
with a cystotome, and that in open-angle
glaucomatous eyes, | abnormal resistance
could be eliminated in the same way. Much
earlier, Barkan®® showed that open-angle
glaucoma could be relieved in adults by an
internal trabeculotomy with a goniotomy
knife. The effect of the Barkan trabeculot-
omy procedure appears generally not to
have been long lasting. The cystotome labo-
ratory procedure has not been readily adapt-
able to clinical use, but recently Bietti and
Quaranta® have reported clinical successes
by intérnal trabeculotomy with another type
of cutting instrument. .

Other procedures have been devised and
applied clinically with ‘the aim of reducing
resistance to aqueous outflow by surgery on
Schlemm’s canal, in particular ab externo
trabeculotomy procedures, but their effects
have not been evaluated in the same experi-
mental manner as those of internal cysto-
tome trabeculotomy. -

The present study was carried out to com-
pare in postmortem enucleated human eyes
the changes induced in the structure and
function of the trabecular meshwork and
Schlemm’s canal aqueous outflow system by

From the Howe Laboratory of Ophthalmology
of Harvard Medical School, at Massachusetts Eye
and Ear Infirmary, Boston, Massachusetts. This
study was supported by Public Health Service cen-
ter grant 5-PO1-EY000292, training grant 5-TO1-
EY-00018, and research grant S5-ROI1-EY-00002
from the National Eye Institute.

Reprint requests to W. Morton Grant, M.D,
Howe Laboratéry of Ophthalmology, 243 Charles
St., Boston, MA 02114.
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face of the cystotome facing the external
wall of Schlemm’s canal. In this position it
presented a triangular shape with its base
facing the external wall of Schlemm’s canal,
and a sharp slanting edge engaging the tra-
becular meshwork. This was intended to cut
the inner wall of the canal and the trabecular
sheets from within the canal while limiting
damage to the ‘external wall of the canal.
Usually the cystotome pushed a strip - of
meshwork ahead of itself in the manner of a
plow.

2. We performed ab externo trabeculot-
omy and other ab externo surgical manipu-
lations on excised human eyes in a manner 5
similar to that employed by Dannheim and
Harms in patients. A 4 X 4-mm lamellar
scleral flap hinged at the cornea was dis-
sected to include approximately two thirds
of the thickness of the sclera. With this flap
reflected, we localized Schlemm’s canal un-
der the operating microscope, guided by the
anatomic landmarks of gray corneoscleral 4
transition zone and by use of a transilluri- ]
nator to demonstrate the position of the :
scleral spur. The transilluminator was miost .
helpful when applied to the outer surface of :
the globe just anterior to the limbus, diamet-
rically opposite the site of dissection. This
caused the structures anterior to the ihser-
tion of the ciliary body into the sclera to ap-
pear brightly illuminated, while those poste-
rior were dark. A bright distinct line of de-
marcation, which was characteristically seen
in the posterior part of the gray transition ]
zone, provided a particularly reliable guide ]
to localization of Schlemm’s canal. We then
made an opening in the outer wall of the ca-
nal to permit insertion of probes circumfer-
entially in the canal. The ab externo dissec-
tions involved either three or six hours of
the superior circumference, with no attempt
at selection of quadrants. During the whole i
procedure, we maintained the intraocular
pressure in the eyes at 15 min Hg through
connection with a reservoir of perfusion
fluid. After we completed the experimental
manipulations, we sutured the scleral flap

Petitioner - New World Medical
Ex. 1005, p. 2 of 12

28

Complex Cases,
Simplified




Johnstone, p. 2 of 12

NO. 6 MICROSURGERY OF SCHLEMM'S CANAL 907

rimental procedure, we made a third
measurement subsequently. One
eyes was perfused as normal con-
. the same length of time as the ex-
ntal, omitting the dissection and prob-
dures.

copic morphological methods—For
ic examination, tissues were per-
ith 4% glutaraldehyde, and small
nal sections containing the angle
|RES AND METHLE : res were excised. We treated thes

-rent clinical praci

plow,

Usually the cystotome pushed a strip-of £
meshwork ahead of itself in the manner of a |

they w
bedg

S
ne

ral for-
orensen
). It was

vacuum.
with 60%
this tis-
as not of
inatomists
elt it was
ipal mor-

IPR2020-01573 Paper 29 at 37, 45, 55; 2020-01711 Paper 17 at 41-42, 50; 2021-00017 Paper 17 at 31.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Patent Owner Ex. 2034

e eyes and
ss alterations resulting from micro-
n procedures.

ctions and surgical manipulations—
nal cystotome trabeculotomy was per-
in 180 degrees of the circumference
same manner as by Grant™* and by
sen and  Grant® This was done
the 5-mm corneal trephine opening
rect visualization with an operating
pe at 25 to 40X magnification, em-
g a cystotome with the point oriented
angles to the shaft. We inserted the
om within the anterior chamber
h the trabecular meshwork to
’s canal, and passed it along in the
cumferentially, with the blunt sur-

7ith'a commercial,
-buffered balanced
slucose. We infuse
mterior chamber thr
ing (previously descr
opening in the co
red steady state flow,
aocular pressure af
in instances at §,
surements made befol
-ocedure required aj
utes of perfusion
‘0 be a steady state.
dissection, we carxfi
1and monitored flow

he same eye underwen

face of the cystotome facing the external i
wall of Schlemm’s canal. In this position it o
presented a triangular shape with its base ',
facing the external wall of Schlemm’s canal, i
and a sharp slanting edge engaging the tra-
becular meshwork. This was intended to cut
the inner wall of the canal and the trabecular
sheets from within the canal while limiting
damage to the ‘external wall of the canal.
Usually the cystotome pushed a strip - of
meshwork ahead of itself in the manner of a
plow.

2. We performed ab externo trabeculot-
omy and other ab externo surgical manipu-
lations on excised human eyes in a manner 5
similar to that employed by Dannheim and
Harms in patients. A 4 X 4-mm lamellar
scleral flap hinged at the cornea was dis-
sected to include approximately two thirds
of the thickness of the sclera. With this flap
reflected, we localized Schlemm’s canal un-
der the operating microscope, guided by the
anatomic landmarks of gray corneoscleral 4
transition zone and by use of a transilluri- ]
nator to demonstrate the position of the :
scleral spur. The transilluminator was miost .
helpful when applied to the outer surface of :
the globe just anterior to the limbus, diamet-
rically opposite the site of dissection. This
caused the structures anterior to the ihser-
tion of the ciliary body into the sclera to ap-
pear brightly illuminated, while those poste-
rior were dark. A bright distinct line of de-
marcation, which was characteristically seen
in the posterior part of the gray transition ]
zone, provided a particularly reliable guide ]
to localization of Schlemm’s canal. We then
made an opening in the outer wall of the ca-
nal to permit insertion of probes circumfer-
entially in the canal. The ab externo dissec-
tions involved either three or six hours of
the superior circumference, with no attempt
at selection of quadrants. During the whole i
procedure, we maintained the intraocular
pressure in the eyes at 15 min Hg through
connection with a reservoir of perfusion
fluid. After we completed the experimental
manipulations, we sutured the scleral flap

Petitioner - New World Medical
Ex. 1005, p. 2 of 12

29

Complex Cases,
Simplified




Johnstone, p. 5 of 12

The residual matéfj”
rather ragged and what was exposed
external wall of the canal had an iri
pattern.

e

AMERICAN JOURNAL OF OPHTHALMOLOGY

work in place. The residual materja]
rather ragged and what was exposed

external wall of the canal had an
pattern,

From light microscopy of ]ustologxg
tions (Fig. 3) it was evident that in'ad
disruption of the trabecular meshwor
stotome  trabeculotomy caused dam:

dothelium  of the external

. Scanning electron microscopy

g that prior to disruption they

gave the following results.
|2A. Ab externo insertion of a

el trabeculotomy probe, it strets

scopy of sections after inser
ure showed damage to the trabecul

r external walls, compression of
1]

lac along the external wall, and

TABLE 2
PERFUSION FLOW RATE* BEFORE AND

IPR2020-01573 Paper 29 at 37, 45, 55; 2020-01711 Paper 17 at 41-42, 50; 2021-00017 Paper 17 at 31.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Patent Owner Ex. 2034

of five eyes; as recorded in- Table 2. During
120 minutes of perfusion after trabeculot-
omy, the rate of flow generally remained
high, with only a slight tendency to decrease
toward pretrabeculotomy values, as shown in
Figure 1 where mean values for the group
are plotted.

As observed through the operating micro-
scope, the cystotome generally passed along
near the scleral spur, tending to push trabec-
ular tissue ahead of it, but usually leaving
the anterior portion of the trabecular mesh-

CYSTOTOME TRABECULOTOMY IN
THE CIRCUMFERENCE

Minutes
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hlemm’s canal, disruption of sep
flitting along the posterior wall of

uwed that a strip of trabecular me:
s pulled from its attachments and
ead of the cystotome, leaving str
thin the canal in a configuration s

awn away from the external wall.
Ab externo procedures on Schle

e circumferentially in Schlemm’s
s.accomplished without difficulty
ugh the suture had a diameter
3 mm compared with the 0.275 mi

torted the walls of the canal. Li ht

rk, to the endothelium of both the

DECEMB;

i

Johnstone and Grant).
lar meshwork and also disr

along the posteri
Figure 5. Ab exts
ny ruptured the t

ohnstone and Grant).

ph demonstrating a st
(arrows) which had

ot .appear to be comy

er - New, World Medical

Ex. 1005,

. 50f 12

30

Complex Cases,

Simplified




Johnstone, p. 11 of 12

AMERICAN JOURNAL OF OPHTHALMOLOGY DECEMBE]

TABLE 7 : tiglaucoma  microsurgical procedir

These experiments have provided some

surprlses and have caused us to reconsider

-some of our concepts of the workin;

tiglaucoma microsurgical

Schlemm’s canal.

gs of an-

PERFUSION FLOW RATE* AT vaRIOUS PREssURes Schlemm’s canal. While we again ob
BEFORE AND AFTER INSERTING A PROBE INTO HALF ]
THE CIRCUMFERENCE OF SCHLEMM'S CANAL AND
REMOVING IT WITHOUT TRABECULOTOMY

erent results by ab externo inser
Minutes

Before
terior chamber.

The great increase in outflow produ
internal cystotome trabeculotomy ma

B2 (at.5s mm Hg)
B3 (at 30 mm Hg)
B4 (at 50 mm H;

this procedure not only opened the

the anterior chamber but it also affe
* AT VARIOUS PRESSURES IN  external wall and the internal strug
N:JS::F‘;i?zﬁi:::F::;:&lgé the canal, tending to tear and fra
M’S CANAL AND REMOVING 1T whereas probing the canal tended ‘to
ITHOUT TRABECULOTOMY or compress structures in the canal,

Minutes
Eye Before After Probing
L 0 o 10 30
5 (at 5 mm Hg) 1.8 — 1.5 1.2
6 (at 30 mm Hg) 1.3 — 10.6 10.0
7 (atS0mmHg) 12.7 — 8.3 6.1

* Flow in ul/min.

ple probe passage within Schlemm’s ca-
without trabeculotomy gave evidence of
er placement in 18 of 20 quadrants.
ing electron microscopy showed that,
imple passage of the probe in the ca-
external wall characteristically had a
eous ironed or flattened appearance,
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571 ABSTRACT

This invention relates to the design and application of a
gomiectomy instrument for the purpose of diagnosti-
cally and therapeutically removing tissue from the ante-
rior chamber angle of the eye and for retrieving this
tissue for further examination. The surgical instrument
of this invention comprises in combination: a hollow,
tapered shaft having a cutting edge at one end as an
integral part thereof; a retractable stylet contained
within the hollow interior of the tapered shaft; and an
irrigation port running along the outside of the tapered
shaft. This instrument is useful for excising tissue to
relieve an obstruction blocking the outflow of aqueous
humor from the eye as well as for providing specimens
of the excised tissue for histopathological examination.

24 Claims, 1 Drawing Sheet
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bieesy device and owo for the walgel Llace foae (oo
=xch g, Tiecanse the heo blazize st b2 sopa-
Tately by emaine ot nEEMEn, UDkEs o
hiph doare: of cars and azill 13 eeencise] hy the micgeon
cmmre injacy to the sormooncing swe rige: b sl
Upum withdraving the hinpsy msninent from sy,
she sharp comers of ta wrowlual-dks blale could
catch om aud injurs oye tiasue surruunling the entry
incisicn, Accorainaly. Hus isloameot x abar ne. s
hle far gonieztonTy durgecn

S L M. 3884370 (Fnke. T, 3,990, 19 (e
<hid Ty 20d 3,007,471 (duClue) waclme surgicd nstrus
meals whick utilizs wpeced ord pointed Jiccsd earniog,
tps Iy erathliaron with coweial memaes sueh choe g
sheath caw slidably wapose or cower the cnting sip.
MoeCloes discleses e wse of an incemmul stylec freir-
znes nomerol 4 Loskiz the sUdllog coasia] memhers.
AMthes motents which shew monieat ancaluke wsln-
aeils bavig sllanl=, oo embers, inarmal atyles
27 both ieclode ©4, : 1
2RHE0NT (Linghes; 2,800,458 (Hofsae), am 4282 559

The forward end of shaft 10 comprises a parabolic,
bowl-like cavity 12 having a sharpened rim which cre- ¢
ates a single, more or less U-shaped cutting edge 14 [

integral with the sides of shaft 10.

e ey

IPR2020-01573 Paper 29 at 3-4, 38-44; 2020-01711 Paper 17 at 3-4, 44-50; 2021-00017 Paper 17 at 31, 41;
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iind for hiztopstholopical evaminnsion,
These and nther olyjcels o advamtages of this iaven-
tiow vl becurme apparent i the followins descopbon.

TWRIET DESCRE LTI OF THE RRAWTNGS

FLE. L sa cchemnfiz side vis ot the sungoal instre.
mizut of tds inveotiom.

TTG. 23 0 seliacalic botom view of the surgical
instrument o this invencloo.

FIG, 3 ia o palurged, wect onal side vicw ob Ui fuc-
~ward end of the soegical irs rument of FIGS. 1 acd 2
2lang the asis 1—3 in Fi¢5, 2,

Pu. Nus 4 KEITS (Youngl o

=

an

)

=

4% respsann mzral swls

33

4

TG, 4 iea goarionnl botrowm view of the Joowend end
af the surgical instrorent alang the axia 3—34 jv bI<E 3.

Flib, § is 3 vebemaric side view of an eyeio’l [T
aurgical igarmewl o) s inveoton in ploce ond rendy
Iu'bzwmin ing and m=mredrg = TismIe s geeor Lo e
arsbeculuc mesaeark

TEG. & is 0 schematls ade vlew of an clern
emiodiment of e autgical micument of Gis inveaticn
showing A elidalle sleeve :n be upen pasitinn.

FiC. T a schomacic sele vicw of S alimucve
eoubirlimeat at e surgical intrarignt o[‘ if Liveolion
with rhe sidnble slecws Ju e dlosed pe

FLCY B is o sehamatio hactom vies: o :h* [y——
of the: inetremeil as shivwn = FIG. 6.

DETAILED IWSCRTPTION 2N PREFERREDL
ERBODIMCNTSE

Rederring o TRGS. Land 2, fo e pucieried eiohe
el L suragve] instroment oF -hig i Uil o ounpuizes
a more e les eylladdad hillow <wfr 10 wbich is fa-
rered from o lergee dlabciee w dle end 11t a2
smuler Finmeser | it fhe feraracd Lnl.(.ng edgs end. The
mrgmd shalt runges from abour 0.4 o 2 b, in diame.
b, ‘aeimy wedese mmar the Fandls 11, Tl Lagabs of shail
W is abond 30 o and the aveesH =neth of e iosau-
mens is lbdnt 120 wuu. L diamures F rhe handle 17,3
huut 5ty T mm.

Allherush im the prefeczed smbodiocae aball M =
aeacrally vplindoival, che shafr ray bove o vecLoal
GLOsE-S0ating sbape which cznges from citzalarn o cval
© A STUATT O rancgabdal shape with rumded corpare.
The roper of sbnit 30 j relativedy smell of appre:
m:n=1)' St IS ﬂre'ﬂc‘ and 3 jubowded (o prevent

s ite, The Laper s ant on esRantin] Slemen: of thia
or, bowevers ad Ube Lie ol saudrs which at= nnt
s wnsbm tlz scape of L imvention.

:r\v'om‘r.sme.ls' 30 oom o lengrl and
mm. i owidth. Tre istr] cnd 18 of

gzl oo aud saling. The cnteing rdgs is softhr
rrameled st ite digka) e wod w seaesally poeskadic
shape in order to Avold camage o Lk uoter wall of
Schlemm's Cznal.
Luiae preferred emhadiment, 23 betior siown o
F b plane of i af cuzing edge 14 b nr an
2 Lo 4% Jegoes with seepzct o thg
plame o canfr W, The angle of cuttiug dge 14 auw-
T, coy vary frmas il 22 O degoore 50 o0ean Lhan
* capuos depeneding on surgical reeniremcics As
shown in FIGS, 2 awl 4, 1 the nreferred smibedimant
te= hrtton of cavity 32 also Duslude: » Bule or apercare

The sugivel fusizeanent w this ‘nvenrion slao -
ludes o recragrable rod < etylel 18 lusated insidie sheft
L The Fazward =g fip 8 ©f stylet 16 15 prelerahly
tbnde of a reistively snb, nemoraxic mazeis suck e
ilnsiz, aFicons or sutber L provert injucy o crama 1o
a v smple. The comaloder of stvles 18, und all of
aball 1 cun ke mede of any Surnble awl wamuson-
s wuinlees sreel In nnether o
Tadimenr, karh shaft 30 a0d s1vit B8 gen be mude fmm
petsic, while catting =dge 14 ia riade [ioin owi ond
aHtackod ro O eod ol alusi 10 by smitsois meats, i
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2

& also a Lever 24 Inouted on the handbe 41 of the intm-
ol which ran masuwTly udvance md metmet the oow-
KL Lum: mey also ba o Librimted spring cnersted
oyt 3¢ to Bcllrae sililog he slylel back und borth
smeothly with mivdeaad frictlon and Boece.

The sargicsl instrwwent of thia investion Mt lo-
Clixdes m irrigntinm pert 32 which mina sloeg the cae-
e of sheft 10 on the same side of chaft 10 ad cartlhe,

FIG. 4 shows the generally parabolic sh
cutting edge 14, including the softly rounded distal end

13. |

IPR2020-01573 Paper 29 at 3-4, 38-44; 2020-01711 Paper 17 at 3-4, 44-50; 2021-00017 Paper 17 at 31, 41;

2021-00065 Paper 18 at 3, 18, 36, 38; 2021-00066, Paper 17 at 4, 25-26, 37, 47-48.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
Patent Owner Ex. 2034

ape of [

l

ul-

1awl 2 #lony U axi 3—3 m FIG TiG- 5 showe
sryles 18 wikh 1la solt Up 29 luated inkide shaft 14k FTG.
3 nlan abowra the a0l of carrlag =y 13 with reeec Ho
<haft 100 angd rhe logation of inigatice ol Z2 prusiinziz
Lo the cucring s<ge. FTG. 3 “arther abonwa i Jotbed lues
3 soprnear ab eeeised Lisaw 440 proreaeing throngh a2er-
1oz 16 and Leld e i place hy tip 38 a° myle 13
when xtylet 18 i advanesl 20 s fraard pusition. ol] os
Tiereinaiter descrited.

B3, 4 i o secbonod bottar vigw af the suttulg sl s
and of the Singdical nsbrumen: oloag the awis &4 i
0. 3. FRCH 4 abarwa Wi peaecally mbilic shaps of
cutting sdae 14, inghuding the sally rounded dista] end
15 FIG. & ulsey clearhy show's spemure 16 il ebe 5ot
of eavily ¥2 Tip M of sylet 13 & prefeosoly of @ pad-
baliz. shape, & chows, o erder co better St mta digtol
and 15 of cutimg edpe 14 whon arvlel 18 i advanced to
ils Gorwurd posiion (Boaned confpusntion uu BIG. 3

The appliclsen of the instrmenr of rhis invecton o
gonicetony aurpry will be descrined by refererce o
FIG. 5. TTG. X a srhomaric side view o in eyehall
dbimning Ui coTmea 30, the iris A1, the aeteelon shabee
34, tho teesular ousthweork 36 wehich rings e iis, and
Sehrwnlvea line 3%,

The parpoee of this Uskiohenl § .0 sucgically e
e 4 tisue s=gmene 40 fram the ot chamber
anale of e eve and w retrise this tiesae for furtbar
examinaion Aftoe the sucpical procedere. The surgicsl
Lechnigque is an fallrae:

1) The pavient & plzced im the wpios oodltien ca vae

operallng fable. Gemerol ar Emeol naesshesin ic
.

11
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o

&

[

34
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[2) Tl paticat bead ls fol bl ighely pway from the
wirdz nf the srgery and rhe eve being o porated o is
ulighily shductec. The sye™s positien is fzed bor
Iecking, Forcsps whivh are ving hedd v the sacgi-
£l ussivtunt,

{2} A vargical gomiolens = plazed over e eorne, ud
the Biv bubbled Under the lens are removed with
salime achution. Thi powicdes is positiomed o leuve
210 1 mm of limbel formes cxposed Jor e indson
aml instrument eniry. The smigrior clamber anrle
ia visslizud Hurough Lo smaniclms mder mognit.
wticn writh an apzrating micseaco pe of a Sinoculur
bead Tnupe.

() A paraceiboel lovicim is mods ince the antaricr
vaumber with u sharp knife throngh clear vordes
abewar 1 o antecior w0 the limbuss. The length of
the ineizion showld be abowl 2 to 3 mm. wmel puralled
o che TTmibps.

(51 The gomiscommy iesorament of sain iwvoniien i
cnrefolly lntroduced il the amerior chumber
thromgh the parneentosia s undur constant Triga
WL The colting edzr ia Tessed scTome Thccxnrc.[ of
the aulaice cleanber we s painr & the mmterior
chomber angle 190 dageees (em tae ety site. The
Lupereid S8f IAIMAINA 8 WELGr Lght seal o Lhe
irripation meintais the anterior chewber Tuel
Tevzf,

(1 The cuting cdms 14 13 1sed 0 =avie the angle
Lswue d for aopeoximasely gre-thind of the aople
ciraemfireasn Tl eacised 13m= wi'l he mnided
towned and Grough ageclure 18 i wevity 13 faee
FIG. ¥) os cutting edge 14 3w advaveed, This wiil
halp Lo Juikl e exvised csoiwe in ploce doriog oo-
smevod, The parsceolsis watey site is sed 2 a8 niv-
arnl reint for rhe gty ment a5 It yoiugs acne I
amecior chomher.

{71 Adter Lins deslreed slrip of angle cisoe 38 i5 avciaes,
the atler 16 {nor sec A FIL 5) i advaoued
that seyles sip 34 holds risue 44 fiemly agelust b
imecor of czadty L2 fsee TG X). Then e instro-
ot b ocaretully witbdoawn from the anterior
chamber. The nntorior chauber duy <beo be
eoed wizh halonced saltsoletiom, gir, ir 3 vicoclss.
b sulstwwer, The parccemienis wacnd may alsn he
cloaed with L) avloo auturs Jif ey

Allernatively, iF desired, the inscromeor may be roio-
aceial inle e eye through the svistng iocision or
thrrmgh o seeordd ineigion o ckeiss asd collacl addie
tizmad Lissue samples

A ououlliisd vemsivo of the wogisstomy instrument of
thig invsnfon ia ilustraied o FIKFS, 8 7, amd B, In the
modified wersion af the instnamzut, sovlet 18 soed -
laga I6 bive beem sliminated, wad shidohle slemce 53
chpable of snelosing the dlatal eid 15 on skl B0 has
been udded. As shown in F1G. 8, the Farwied eodl off
alevs 50 i elsir of a sgemeczlly parchnlic shape in order
1 ochieee & good fit ovee Jiscal cud 15,

Wik 1he mexdifizd instrimant s showa in FIG2. 8, 7
and &, W caczaed Lissue spezimen dues nnt pass shroapgh
aperturs 16 te the orber ids of cavily 12, Instead the
Tsue specimen i i dimested b the interior ehapo ol
cariny 12 iure loduw shace 10 Mecal sleeve 51 arcand
el el 13 o the shaft helos o ield he specmen in
uavity 12, The el slesve is ablg 10 move slook the
TengikLof the elalt aud b cuolruled by o lever {2omine-
Table b lever 34 e saowen L FIG 1) Jacared oo the
Jitudly, of the instroent. Afer the sisvae spesimen 40 s
emt o direeted up the lallow sbatl 10 af the et

Pettioner - New Warkd Medical -
Er. 105, p. S0t 11

Complex Cases,

Simplified




Lee, p. 5 of 11

The cutting edge 14 is used to excise the angle
tissue 40 for approximately one-third of the angle

toward and through aperture 16 in cavity 12 (see
FIG. 3) as cutting edge 14 is advanced. This will
help to hold the excised tissue in place during re-
moval. 1’

circumference. The excised tissue will be guided

IPR2020-01573 Paper 29 at 3-4, 38-44; 2020-01711 Paper 17 at 3-4, 44-50; 2021-00017 Paper 17 at 31, 41;
2021-00065 Paper 18 at 3, 18, 36, 38; 2021-00066, Paper 17 at 4, 25-26, 37, 47-48.
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& also a Lever 24 Inouted on the handbe 41 of the intm-
ol which ran masuwTly udvance md metmet the oow-
KL Lum: mey also ba o Librimted spring cnersted
ayptcal 26 o Belirate sldlog Lhe slydel tack und boath
smeothly with mivdeaad frictlon and Boece. El

The sargicsl instrwwent of thia investion Mt lo-
Clixdes m irrigntinm pert 32 which mina sloeg the cae-
=ide of sheft 10 oa che same: side of shaft 10 =i cartlg,
edge 14. The fonetion cf thi irrignion poet ia 40 Eain-

taim Auid bewels in the niterior chamber of the eye dur- 10

oy 8 aumica] procedure and to 'hg]‘p procect the corngs.
aud 1be les o dnjury. The fmigatiom por is come
Pl aff fHexibb: ddgatlim wobing compused of plostic.
ailesatic: or aimlbne mebaial 2, such mistion pons are
Teadily crmmeTriol Iy availabis.

The end uFlrnguucm et X245 about 5 IU mm, from
o =r of the

11

has u seermeary fmetion
trom getting cawghe at the pnmc:nmu aiee Wl ths
iEdrTruel 5 wilhdrawen from ohe eye ut the end of che
procedure. fu socie applcalioms the msiroment of this
oo euay b enod widboul Che frngariom past or the
irrigation port 22 cay be incerporated withie roe shoft
0 af the natmumens,

FIG. 3 3 om enlarged sectionsd side view of e vul- 5,
Uny eelize enel oof’ the: sureical incermmene chower iu FIOGS,
1wl 2 #lony U axi 3—3 m FIG. & TG 3 showe
sryles 18 wikh 1la solt Up 29 luated inkide shaft 14k FTG.

3 nlan abowra the a0l of carrlag =y 13 with reeec Ho
<haft 100 andd rh locaion of Inigativu ol Z8 prusinziz 4
Lo the cucring s<ge. FTG. 3 “arther abonwa i Jotbed lues
3 soprnear ab eeeised Lisaw 440 proreaeing throngh a2er-
furs 16 and Leld Quse m pluce hy & 20 a7 mle 13
whem syt 18 is advancal o bs Geoward pusition ol os
Tiereinaiter descriaed. 41

B3, 4 i o secbonod bottar vigw af the suttulg sl s
and of the Singical nsbrumen: oloag the awis &—4 i
TTG. 3. FRGH 4 alkrwa Ly geoeraly pursbilic shaps of
cutting sdae 14, inghuding the sally rounded dista] end
15. FIC. & ulwy clearhy shows Npemure 16 i flwe Botlae =,
of eavily ¥2 Tip M of sylet 13 & prefeosoly of @ pad-
baliz. shape, & chows, o erder co better St mta digtol
and 15 of cutimg edpe 14 whon arvlel 18 i advanced to
ils Gorwurd posiion (Boaned confpusntion uu BIG. 3

The applicalsen of the instrmenr of rhis inverton fo s
gonicetony aurpry will be descrined by refererce o
FIG. 5. TTG. X a srhomaric side view o in eyehall
dbimning Ui coTmea 30, the iris A1, the aeteelon shabee
34, tho teesular ousthweork 36 wehich rings e iis, and
Sehrwnlvea line 3%,

The parpoee of this Uskiohenl § .0 sucgically e
e 4 tisue s=gmene 40 fram the ot chamber
anale of e eve and w retrise this tiesae for furtbar
examinaion Aftoe the sucpical procedere. The surgicsl
Lechnigque is an fallrae:

1) The pavient & plzced im the wpios oodltien ca vae

operallng fable. Gemerol ar Emeol naesshesin ic
.

&

[

35

4,500,300

&

[2) Tl paticat bead ls fol bl ighely pway from the
wirdz nf the srgery and rhe eve being o porated o is
ulighily shductec. The sye™s positien is fzed bor
Iecking, Forcsps whivh are ving hedd v the sacgi-
£l ussisinnt,

{3) A surgical prmiclens i« plazed over be exrncs and
the Biv bubbled Under the lens are removed with
salime achution. Thi powicdes is positiomed o leuve
210 1 mm of limbel formes cxposed Jor e indson
aml instrument eniry. The smigrior clamber anrle
ia visslizud Hurough Lo smaniclms mder mognit.
wticn writh an apzrating micseaco pe of a Sinoculur
bead Tnupe.

() A paraceiboel lovicim is mods ince the antaricr
vaumber with u sharp knife throngh clear vordes
abewar 1 o antecior w0 the limbuss. The length of
the ineizion showld be abowl 2 to 3 mm. wmel puralled
o che TTmibps.

(51 The gomiscommy iesorament of sain iwvoniien i

cnrefolly lntroduced il the amerior chumber

thromgh the parneentosia s undur constant Triga

WL The colting edzr ia Tessed scTome Thccxnrc.[ of

the aulaice cleanber we s painr & the mmterior

chomber angle 190 dageees (em tae ety site. The

Lupereid S8f IAIMAINA 8 WELGr Lght seal o Lhe

irripation meintais the anterior chewber Tuel

Tevzf,

) The cuting cdms 14 13 1sed 0 =avie the angle

Liswue d for aopeoximasely are-thind of the aogle

ciraemfireasn Tl eacised 13m= wi'l he mnided

towned and Grough ageclure 18 i wevity 13 faee

FIG. ¥) os cutting edge 14 3w advaveed, This wiil

halp Lo Juikl e exvised csoiwe in ploce doriog oo-

smevod, The parsceolsis watey site is sed 2 a8 niv-

arnl reint for rhe gty ment a5 It yoiugs acne I

amecior chomher.

{71 Adter Lins deslreed slrip of angle cisoe 38 i5 avciaes,
the atler 16 {nor sec A FIL 5) i advaoued
that scyles dip 28 holds risgue 40 fiemly agalus tbe
inlecior of cavity L2 {see THC. 3. Then e insoon-
ot b ocaretully witbdoawn from the anterior
chamber. The nnterioe chabee iy <bea be dees-
eoed wizh halonced saltsoletiom, gir, ir 3 vicoclss.
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Technique of goniocurettage: a potential
treatrnent for advanced chronic open angle

glaucoma

Philipp  Jscobl, Thomas § Dietlein, Gidnter B Friegistein
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(trabeculopuncture) removes little tissue and
allows filing in and scarring to oceur 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 sulcus in
six patients suffering from uncontrolled IOP
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
INSTRUMENTATION AND SURGICAL TECHNIQUE
Tn 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
pm 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 cartied out on six human eye bank
globes, classified unsuitable for keratoplasty.
Death had occurred no more than 12 hours
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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 infection 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 comeal 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 PREPARATION
Following surgery three eye banking eyes were
processed for scanning electron microscopy as
follows: within 5 minutes after treatment, the

yes 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 bufier, 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 wete 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 uncontrolied IOP,
terminal optic nerve atrophy, and no light
perception consequent on chronic open angle
glaucoma. Exclusion criteria were: reduced
(220/40) or threatened vision in the unoperated
eye, 2 history of uveitis, antetior 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, inditect oph-
the retina, an

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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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 1s 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 1s angulated vertically at 90
degrees to the left and right, respectively
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Eigure | The tip of the ‘gomioscraper’. The bowl is 300
e in dicometer waith s edges sharpened.

(trabeculopuncture) removes little tissue and
allows filing in and scarring to oceur 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 sulcus in
six patients suffering from uncontrolled IOP
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
INSTRUMENTATION AND SURGICAL TECHNIQUE
Tn order to shell the trabecular meshwork out
of it 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
pm 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 cartied out on six human eye bank
globes, classified unsuitable for keratoplasty.
Death had occurred no more than 12 hours
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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 infection 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 comeal 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 PREPARATION
Following surgery three eye banking eyes were
processed for scanning electron microscopy as
follows: within 5 minutes after treatment, the

yes 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 bufier, 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 wete 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
(220/40) or threatened vision in the unoperated
eye, a history of uwitis, 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-
the retina, an.

when required. Informed consent was obtained
from all the patients, following the tenets of the
Declaration of Helsink, 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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before surgery. Gonioabrasion was performed
under direct visualisation of the anterior cham-
ber angle with an operating microscope and a
surgical gonioscopy lens. Following infection 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 comeal 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 PREPARATION
Following surgery three eye banking eyes were
processed for scanning electron microscopy as
follows: within 5 minutes after treatment, the

yes 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 bufier, 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 wete 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 uncontrolied IOP,
terminal optic nerve atrophy, and no light
perception consequent on chronic open angle
glaucoma. Exclusion criteria were: reduced
(220/40) or threatened vision in the unoperated
eye, 2 history of uveitis, antetior 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, inditect oph-
the retina, an
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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before surgery. Gonioabrasion was performed
under direct visualisation of the anterior cham-
ber angle with an operating microscope and a
surgical gonioscopy lens. Following infection 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 comeal 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 PREPARATION
Following surgery three eye banking eyes were
processed for scanning electron microscopy as
follows: within 5 minutes after treatment, the

yes 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 bufier, 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 wete 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 merve atophy, and no light
perception consequent on chronic open angle
glaucoma. Exclusion criteria were: reduced
(220/40) or threatened vision in the unoperated
exe, 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-
the retin, an,
when required. Informed consent was obtained
from all the patients, following the tenets of the
Dechration of Helsink, 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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scleral sulcus as exposed by histology.

Gonioscopically, ragged strings of
trabecular tissue could be observed intraopera-
tively to be removed by goniocurettage, leaving
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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

Sasobi, Dietlein, Krizglstein

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

Goniocuettage 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
(Fig2), 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 pattem 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-
wotk the gonioscraper caused damage to septa
and endothelium of the extemal wall of
Schlemm’s canal, and disruption along the
posterior wall of the canal. Flaps of uveal
tissue, capable of retuming 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
petformed 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 glucoma 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
0£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 Hg with only the pseudoexfoliative patient
requiring continued medication with a topical
B blocker. In one pseudophakic patient,
however, the final pressure readings at 10
th i

before surgery were to find out if
they were superfluous). Postoperatively, pres-
sure reducing medication was discontinued in

ranged between 19 and
24 mm Hg despite adjunct local antiglaucoma
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1t 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.
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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

Goniocuettage 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
(Fig2), 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 pattem 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-
wotk the gonioscraper caused damage to septa
and endothelium of the extemal wall of
Schlemm’s canal, and disruption along the
posterior wall of the canal. Flaps of uveal
tissue, capable of retuming 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
petformed 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 glucoma 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
0£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 Hg with only the pseudoexfoliative patient
requiring continued medication with a topical
B blocker. In one pseudophakic patient,
however, the final pressure readings at 10

th ively ranged between 10 and
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however, they observed rather large wound
surfaces, possibly facilitating subsequent fibro-
proliferation and scatring. 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 eatlier 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-
wotk goniocurettage removes tissue rather than
incising or disrupting the uveal meshwork. In
order to do so we designed the ‘gonioscraper’, a

Sasobi, Dietlein, Krizglstein

tive bulbar hypotony or reduced anterior
chamber depth did not evolve. Inadvertent
cyclodialysis as a mechanism of pressure
reduction was ruled out by means of high
frequency ultrasound biomicroscopy in all 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.

{ Bgaoand, R Suery Sy Crom, Teyer

novel instrument for

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.
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crystalline lens. Surgery was com-

plicated postoperatively by a hyphaema from
sustained bleeding of the circulus arteriosus
iridis major. Five dugs 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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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.
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however, they observed rather large wound
surfaces, possibly facilitating subsequent fibro-
proliferation and scatring. 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 eatlier 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-
wotk goniocurettage removes tissue rather than
incising or disrupting the uveal meshwork. In
mdet t0 do so we designed the “gonioscraper’, a

Sasobi, Dietlein, Krizglstein

tive bulbar hypotony or reduced anterior
chamber depth did not evolve. Inadvertent
cyclodialysis as a mechanism of pressure
reduction was ruled out by means of high
frequency ultrasound biomicroscopy in all 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.

{ Bgaoand, R Suery Sy Crom, Teyer

instrument for

use. Dmplle the obvious difference in surgical
instrumentation the procedure itself, to a certain
extent, is comparabk 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 opena route foraqueous humour to
egress eitherinto Schlemm’s canal or, in the case
of damage of the canals extemal 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
temoving 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 rcognisable. 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 Schlemm’s canal, but also involve a
splitting of sclera posteriorly to Schlemm's
canal. This ab intemo approach may be an
advantageous procedure because the conjunc-
tiva remains undistutbed and, if required, a fis-
tulating procedute can be easily performed at a
later point.

A ‘clinical trial evaluating the efficacy of

i as an i i i

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. Intmoperatively, 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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Perspectives in
trabecular surgery

Abstract

The aim of trabecular surgery is to selectively
combat the diseased structure central to the

pathogenesis of chronic open-angle glaucoma,
thereby reducing potential hazards during and

PHILIPP C. JACOBI, THOMAS S. DIETLEIN,
GUNTER K. KRIEGLSTEIN

anterior chambers, prolonged post-operative
hypotony and late endophthalmitis from
infected fltering blebs >

Mircosurgery on Schlemm’s canal and the
human aqueous outflow system for controlling

after filtering This
overview considers new techniques in ab
interno trabecular surgery. Special emphasis is
placed on the description of each novel
technique, its instrumentation, presumed
mechanism of action and clinical results.
Trabecular aspiration is evaluated as a method
of clearing intertrabecular spaces of

debris in fati

pressure (IOP) in chronic open-
angle glaucoma has been evolving over the past
few decades. Theoretical considerations indicate
that production of approximately 10 to 15
fistulae, each 10 wm in diameter, between the
anterior chamber and Schlemm'’s canal should
restore normal outflow facility in open-angle
glaucoma.* The basis for most of the current

to mi of Schlemm’s canal

glaucoma with o without simultaneous
cataract surgery or goniocurettage, while laser
trabecular ablation is discussed for the
treatment of absolute glaucomas. Where
comeal haze has formed visualisation of the
anterior chamber angle structures and
trabecular surgery is performed with the aid of
amicroendoscope. Although the results are
very promising it should be that
some of these procedures are still in the
experimental phase and are undergoing
careful clinical evaluation, leaving plenty of
room for refinements and further
developments.

Key words Goniocurettage, Microendoscopy,
Trabecular aspiration, Trabecular i

is the finding by Grant” that the largest
proportion of resistance to outflow is located
within the trabecular meshwork, namely the
cribriform layer, and can be eliminated by
incising the trabecular meshwork and entering
Schlemm’s canal. If one agrees that the site of
the pathological resistance to aqueous humour
outflow is this tissue, its partial removal, taking
the wtmost possible care not to damage the
surrounding chamber angle structures, could be
a new altemative in antiglaucomatous surgery.
This sort of selective non-penetrating trabecular
surgery would be equivalent to internal
filtration surgery without transscleral drainage
of aqueous humour into the subconjunctival
space, and would thereby reduce the incidence

Enonmous progress has been made in
? of the

causes of chronic open-angle glaucoma.

However, indisputable concepts for effective

treatment are still rare. To date, conventional

filtering surgery remains the mainstay of

surgical therapy in the management of

of post-op typically
associated with filtering procedures.

‘This review discusses different ab inferno
trabecular microsurgical techniques that are
designed o facilitate outflow along its natural
pathway. Each new technique is described in
detail, newly developed instrumentation is
discussed, and the presumed mechanisms of
action are outlined. However, the reader must
understand that nane of these new

glaucoma not controlled by medi
Unfortunately, treatments involving full-
thickness filtration are scarcely selective since
healthy structures ot primarily involved in the
disease process are subject to surgical
intervention. The application of adjunctive
antimetabolites for inhibition of undesired
episcleral i ic proliferati i

threatens to replace
conventional filtering approaches, since they are
still in the experimental phase and under
careful clinical evaluation, and there is plenty of
room left for further refinements and
developments. We hope this article will give
impetus o the search for alternative strategies

increased the success rates for filtering
procedures, but had the disadvantage of
exacerbating serious side-effects, such as flat

in surgery, and foous
attention more closely on the diseased target
structure in chronic opervangle glaucoma: the
trabecular meshwork.

‘Eye (2000) 14, 519-530 © 2000 Royal College of Ophthalmologists
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The underlying concept of goniocurettage is to remove
rather than incise or disrupt pathologically altered
trabecular meshwork and to open a route for aqueous
humour to egress either into Schlemm’s canal or, where
the external wall of the canal is damaged, to ooze out
through microsplittings in the posterior scleral wall.’

—
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Goniocurettage

The underlying concept of goniocurettage is to remove
rather than incise or disrupt pathologically aliered
trabecular meshwork and 1o open a route for aqueous
humour to egress either into Schlemm’'s canal or, where
the nwma\ wall nl the canal is hmaged o ooze oul

in

procedure is conceptually simi itr 1o goniatomy, mep‘

that trabecular tissue is scaped away from the scleral
r

curette (Fig. 1). The gonioscraper consists of a small
handle and a slightly convex arm for intraocular use and
closely resembles a cyclodialysis spatula. However, the

in diameter, with sharpened edges. To absade
d counter-clockwise, the scoop is vertically

i
angled at 907 to either side.
(.imiunlrulunu is umal\y pudurm.-d under direct

g ection. of viscoelastic,
gonioscraper is inserted into the a chamber
through a clear comeal incision m directed against the
trabecular meshwork on the opposite side. The scraper is
lightly passed over 2 to 3 clock-hours to cither side of the
nasal cireumberence of the chamber angle. Great care is
taken while peeling off the uveal meshwork not to

Fig, 1. () The fip of the ‘gonioscraper’. The externl diameter of the
bt s 300 jum and it5 epes are sharpemed. () The imtraocular ans of
the gomiscraper is comvex to avoid inadvertent damage fo the iris-lens
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Fig. 2. Ab intermo gomiccurettage i performed eith the aid of an
aperating micnsene sder e st

traumatise adjacent intraocular structures, such as the
comeal endothelium or the base of the iris.
Intraoperatively, ragged strings of trabecular tissue can
be seen to be removed by gonicabrasion, leaving an
irregular pattern of a glistening white band
corresponding to the denuded grey-white scleral sulcus
(Fig. 3). At the end of the procedure, viscoelastic along
with abraded trabecular debris is removed by means of
irrigation-aspiration.

Morphological analysis of the treatment zones in
hurman donor eyes clmb, Indicated the potential efficacy
of goniocuretiage for completely removing the trabecular
meshwork.” From light microscopy of histological
sections it is evident that, in addition to the peeling of the
trabecular meshwork, gonlocurettige also causes

damage tol

observed in th

lar septa and the endothelium of
the external wall of Schlemm's canal, and in some
instances a disruption along the posterior wall of
Schlemm’s canal. Flaps of uveal tissue, capable of
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The gonioscraper consists of a small
handle and a slightly convex arm for intraocular use and
closely resembles a cyclodialysis spatula. However, the
tip of the instrument is shaped like a minature bowl,
300 pm in diameter, with sharpened edges. To abrade
clockwise and counter-clockwise, the scoop is vertically
angled at 90° to either side.
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Goniocurettage

The underlying concept of goniocurettage is to remove
rather than incise or disrupt pathologically aliered
trabecular meshwork and 1o open a route for aqueous
humour to egress either into Schlemm’'s canal or, where
the nwma\ wall nl the canal is hmaged o ooze oul

in

procedure is conceptually simi itr 1o goniatomy, mep‘

that trabecular tissue is scaped away from the scleral
r

curette (Fig. 1). The gonioscraper consists of a small
handle and a slightly convex arm for intraocular use and
closely resembles a cyclodialysis spatula. However, the

in diameter, with sharpened edges. To absade
d counter-clockwise, the scoop is vertically
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angled at 907 to either side.
(.imiunlrulunu is umal\y pudurm.-d under direct

g ection. of viscoelastic,
gonioscraper is inserted into the a chamber
through a clear comeal incision m directed against the
trabecular meshwork on the opposite side. The scraper is
lightly passed over 2 to 3 clock-hours to cither side of the
nasal cireumberence of the chamber angle. Great care is
taken while peeling off the uveal meshwork not to

Fig, 1. () The fip of the ‘gonioscraper’. The externl diameter of the
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the gomiscraper is comvex to avoid inadvertent damage fo the iris-lens
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Fig. 2. Ab intermo gomiccurettage i performed eith the aid of an
aperating micnsene sder e st

traumatise adjacent intraocular structures, such as the
comeal endothelium or the base of the iris.
Intraoperatively, ragged strings of trabecular tissue can
be seen to be removed by gonicabrasion, leaving an
irregular pattern of a glistening white band
corresponding to the denuded grey-white scleral sulcus
(Fig. 3). At the end of the procedure, viscoelastic along
with abraded trabecular debris is removed by means of
irrigation-aspiration.

Morphological analysis of the treatment zones in
hurman donor eyes clmb, Indicated the potential efficacy
of goniocuretiage for completely removing the trabecular
meshwork.” From light microscopy of histological
sections it is evident that, in addition to the peeling of the
trabecular meshwork, gonlocurettige also causes

damage bo i licular septa and the endothelium of
the external wall of Schlemm's canal, and in some
instances a disruption along the posterior wall of
Schlemm’s canal. Flaps of uveal tissue, capable of
returning to their pndlsﬂrnn peslmn wiene mot
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bowl s 200 wm and its edges are sharpened. (0) The intraocular arm of
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Goniocurettage

The underlying concept of goniocurettage is to remove
rather than incise or disrupt pathologically altered
trabecular meshwork and to open a route for aqueous
humour to egress either into Schlemm’'s canal or, where
thee external wall of the canal is damaged, to coze out

 microsplitings in the posters " The
procedure is conceptually similar fo goniotomy, except
that trabecular tissue is scaped away from the scleral
sulcus using an instrument similar to a microchalazion
curette (Fig. 1). The gonioscraper consists of a small
handle and a slightly convex arm for intraocular use and
closely resembles a cyclodialysis spatula. However, the
tip of the instrument is shaped like a minature bowl,
300 pan ins diameter, with sharpened edges. To abrade
clockwise and counter-clockwise, the scoop is vertically
angled at 907 to either side.

Goniocurettage is usually performed under direct
visualisation of the anterior chamber angle through an
operating microscope and a surgical gonioscopy lens
{Fig. 2). Follawing injection of viscoelastic, the
gonicscraper is inserted into the anterior chamber
through a clear comeal incision and directed against the
trabecular meshwork on the opposite side. The scraper is
lightly passed over 2 to 3 clock-hours to cither side of the
nasal cireumberence of the chamber angle. Great care is
taken while peeling off the uveal meshwork not to

Fig, 1. () The fip of the ‘gonioscraper’. The externl diameter of the

Fig. 2. Ab interno goniocurettage is performed sith the aid of an
operating microscope wnder ic ebsrrvation

traumatise adjacent intraocular structures, such as the
comeal endothelium or the base of the iris.
Invtraoperatively, ragged strings of trabecular tissue can
be seen W0 be removed by gonioabrasion, leaving an
irregular pattern of a glistening white band
corresponding to the denuded grey-white scleral sulcus
(Fig. 3). At the end of the procedure, viscoelastic along
with abraded trabecular debris is removed by means of
irrigation-aspiration,

M ical analysis of the treatment zones in
hurnan donor eyes chearly indicated the potential efficacy
of goniocurettage for completely removing the trabecular

° light of
sections it is evident that, in addition to the peeling of the
trabecular meshwork, gonlocurettage also causes
damage to licular septa and the endothelium of
the external wall of Schlemm's canal, and in some
instances a disruption along the posterior wall of
Schlemm’s canal. Flaps of uveal tissue, capable of
returning #o their predissection position, were not
observed in th ;i Seanming el

F B F
shows that the trabecular meshwork is pulled away from
its attachments, leaving ragged structures of Schlemm's
canal within the scleral sulcus exposing bare sdera
(Fig. 4).
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' From light microscopy of histological
sections it is evident that, in addition to the peeling of the

trabecular meshwork, goniocurettage also causes

damage to intracanalicular septa and the endothelium of
the external wall of Schlemm’s canal, and in some

instances a disruption along the posterior wall of
Schlemm’s canal.
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Goniocurettage

The underlying concept of goniocurettage is to remove
rather than incise or disrupt pathologically aliered
trabecular meshwork and 1o open a route for aqueous
humour to egress either into Schlemm’'s canal or, where
thee external wall of the canal is damaged, to coze out
through mi ittings in the posteri " The
procedure is conceptually similar to gonictomy, except
that trabecular tissue is scaped away from the scleral
sulcus using an instrument similar to a microchalazion
curette (Fig. 1). The gonioscraper consists of a small
handle and a slightly convex arm for intraocular use and
closely resembles a cyclodialysis spatula. However, the
tip of the instrument is shaped like a minature bowl,
300 pan ins diameter, with sharpened edges. To abrade
clockwise and counter-clockwise, the scoop is vertically
angled at 907 to either side.

Goniocurettage is usually performed under direct
visualisation of the anterior chamber angle through an

erating microscope and a surgical gonioscopy lens
{Fig. 2). Follawing injection of viscoelastic, the
gonicscraper is inserted into the anterior chamber
through a clear comeal incision and directed against the
trabecular meshwork on the opposite side. The scraper is
lightly passed over 2 to 3 clock-hours to cither side of the
nasal cireumberence of the chamber angle. Great care is
taken while peeling off the uveal meshwork not to

Scanning electron microscopy
shows that the trabecular meshwork is pulled away from
its attachments, leaving ragged structures of Schlemm’s
canal within the scleral sulcus exposing bare sclera

The externul diameter of the
L. (4) Th

4

Fig. 2. Ab interno goniocurettage is performed sith the aid of an
openiting micrscop wder femoopRe ebseriation

traumatise adjacent intraocular structures, such as the
comeal endothelium or the base of the iris.
Intracperatively, ragged strings of trabecular tissue can
be seen to be removed by gonicabrasion, leaving an
irregular pattern of a glistening white band
corresponding to the denuded grey-white scleral sulcus
(Fig. 3). At the end of the procedure, viscoelastic along
with abraded trabecular debris is removed by means of
irrigation-aspiration,

M ical analysis of the treatment zones in
hurnan donor eyes chearly indicated the potential efficacy
of goniocurettage for completely removing the trabecular

* From light py of g
sections it is evident that, in addition to the peeling of the
trabecular meshwork, gonlocurettage also causes
damage bo i licular septa and the endothelium of
the external wall of Schlemm's canal, and in some
instances a disruption along the posterior wall of
Schlemm’s canal. Flaps of uveal tissue, capable of
returning #o their predissection position, were not
bserved in the specimens. Scanning el

B F
shows that the trabecular meshwork is pulled away from
its attachments, leaving ragged structures of Schlemm’s
canal within the scleral sulcus expasing bare sdera
(Fig. ).
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(Fig. 4).
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Fig. 4. Scanning eectron microscopy shows the deep furrow within
the anterior chamber angle, leaving ragged structeres of Schlemm’s
canal within the scleral sulcus. The furraw that follows goniocurettage
is shown between black arrous.

Recently, we initiated a prospective, non-randomised.
study to elucidate the long-term outcome of
goniocurettage for advanced cases of open-angle
glaucoma.” Patients with intractable glaucoma who met
the inclusion criteria of uncontrolled IOP (> 25 mmHg)

—_—
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others " In these earlier studies, the trabecular

meshwork was either excised using a trabeculectome’ or
scraped away with the flat side of a goniotomy blade.® [
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7T = e 10-19 mmg)
and the mean ( SD) number of medications 0.63 = 0.29
at the final visit. In 10 eyes (40%) the surgical procedures
did not meet the success criteria. Four of these eyes still
suffered from an uncontrolled IOP ranging from 20 to
24 mmHeg, Further surgical intervention was refused by
these patients owing to advanced age and deteriorating
general health. Tn the remaining 6 eyes that failed to
obtain satisfactory post-operative pressure, control could
only be attained by additional topical antiglaucomatous

52 Simplified

‘medication. Systemic carbonic anhydrase inhibitors,
however, could be discontinued in all eyes. Five of these
6 eyes with multiple antiglaucomatous medications were
eventually treated using repeated cyclodestructive
procedures.

Complications included ions of
chamber angle vessels during surgery in 4 eyes (16%),
followed by sustained anterior chamber angle bleeding
in 2 eyes (8%). In the latter 2 cases surgery could not be
completed, because the view of the trabecular meshwork
was obstructed. Two weeks later, when all residual blood
had disappeared, the same sector was retreated
successfully. A reflux of blood from Schlemm's canal into
the treatment area occurred in 22 eyes (88%), but had no
further sequelae. Blood reflux from Schlemm’s canal was
taken as an intraoperative indicator of full-thickness
perforation of the trabecular meshwork. In 5 eyes (20%) a
localised Descemet’s membrane detachment at the
treatment site occurred, but did not produce any corneal
haze. ion of the bleb
formation, peripheral synechiae or progression of
cataract formation were not among the observed
side-effects. Transient phases of hypotony (IOP in the
0-6 mmHg range), choroidal effusion or flattening of the
anterior chamber were also not observed. Intraccular
inflammation was not prominent after surgery and no
marked fibrinous reaction ocourred.

In contrast to established trabecular surgical

ities, such as goni or

goniocurettage disrupts and removes larger segments of
abnormally thickened trabecular pillars by scraping
tissue off the scleral sulcus. Similar concepts of selective
tissue-removing goniosurgery have been described by
15.7% In these earlier studies, the trabecular
‘meshwork was either excised using a trabeculectome” or
scraped away with the flat side of a goniotomy blade®
The latter technique, known as trabeculodialysis, was
reported to be especially useful in cases of secondary
inflammatory glaucoma where the trabecular tissue was
felt to be more friable and easier to scrape away.® In
contrast, in ional goni or
remnants of uveal tissue tend to fall back into place,
producing a sort of ‘relapsing folding door effect’. This
may cause a “filling-in” followed by secondary
fibroproliferation, and eventually result in early
failure ¢

Our analysis of the surgical results of goniocurettage
demonstrates the effectiveness of this novel procedure in
a substantial of eyes with
glaucoma after previous failed trabeculectomies. The
overall success rate of 60% with a follow-up period of up
to 45 months signals clinical relevance. However, only
20% were controlled without medication. Moderate
bleeding into the chamber angle was a regular event in
correct goniocurettage. It resulted from a reflux of blood
from Schlemm’s canal, which is continuous with the
episcleral veins. When IOP drops below the episcleral
venous pressure during surgery, the blood flows back
along the pressure gradient into the anterior chamber. As
a rule, bleeding subsides when IOP is regained. The
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Ab-interno trabeculo-canalectomy: surgical
approach and histological examination

E. FERRARI', F. BANDELLO', F. ORTOLA NP, L. PETRELLF, M. MARCHINI?, D. PONZIN®

+ Department of Ophthalmology, University of Udine

= Department of Medical and Morphological Research, University of Udine

= Veneto Eye Bank Foundation, Venezia-Mestre - Italy

PurposE. To evaluate, on eye bank eyes, a new surgical approach aimed at removing a quadrant of
the trabecular meshwork (TM), with an ab interno approach.
MeTHODS. Gonioscopically controlled ab interno removal of the TM was done with a sub-
retinal forcep on six human bank eyes. Serial histological sections were obtained from the
treated and untreated part of each globe to assess the effect of the technique on intraoc-
ufar tissues.
ResuLts. Under the gonioscope, the TH was easily removed in strings of varying length.
jon showed, , that this resulted in a well-defined deep
Iurlow in the middle of the trabecular region mvolvmg both the TM and the inner wall of
Schlemm's canal. The operation created a direct communication between the anterior cham-
ber and Schlemm 's canal lumen without any evident damage to the outer canal wall and
adjacent ocular structures such as the iris base and comeal endothelium.
Conclusions. Our small series on human bank eyes showed that the procedure involves
hoth the TM and the inner wall of Schlemm's canal and is therefore called ab interno tra-
(AITC). The i ive findings and the histological evidence are
encouraging, and suggest that the procecedure could have potential clinical application.
(Eur J Ophthalmol 2002; 12: 401-5)

Kev WorDs. Ab-inte surgery, frido ! angle surgery, G surgery

Accepted: Octaber 16, 2007

INTRODUCTION

Trabecular meshwork surgery aims to increase the
outflow of aqueous humor through its normal pathway
and lower intraocular pressure (IOP) (1-3). The basis
of this approach is to relieve the resistance to
aqueous humor outflow within the TM, in juxtacana-
licular tissue and the inner wall of Schlemm’s canal (4-
7). Many surgical and laser techniques have been

proposed to boost aqueous humor outflow through
the anterior chamber angle (1-3, 8-13). However, the
choice remains controversial because of the lack of
convincing evidence of the superiority of any one ap-
proach over the others. Theoretically, a therapeutic
option that removes the resistance to aqueous out-
flow as far as possible, without damaging the outer
outflow pathways and the surrounding ocular struc-
tures, such as the base of the iris and the corneal en-

© Wichtig Editore, 2002 1120-6721/401-06$03.00/0
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We found that the histological effects of AITC were
different from with the classical goniotomy and tra-
beculotomy procedures (25). These latter produce a
deep incision in the trabecular tissue with close edges
of the wound. The histological picture after AITC also
differs from goniocurettage. In this procedure
trabecular removal is associated with damage to the
posterior wall of Schlemm’s canal and collector ves-
sels (13).

A\

IPR2021-00017 Paper 17 at 33, 42 (citing Ex. 2019 ¥ 132, 177).
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Ab-in terno trabeculo-canalectomy: surgical approach and histological examination

our original idea of peeling away the TM alone ac-
tually removed both the TM and the inner wall of
Sch-lemm’s canal. This unexpected result might
possibly achieve a better outflow than TM removal
alone. Considering that the site of major resistance
to the outflow of aqueous humor is at the
juxtacanalicular portion of the TM and the inner wall
of Schlemm's canal and that often, during non-
penetrating  filtering  surgery  better aqueous
percolation is achieved by peeling the inner wall of
the canal (27, 28), we suggest that removal of both
the TM and the inner wall of Sch-lemm’s canal would
ensure better outflow than removal of the TM alone.
However, with non-penetrating filtering surgery
outflow can also be improved by an ab externo
approach, leaving the TM intact (27-30).

We found that the histological effects of AITC were
different from with the classical goniotomy and tra-
beculotomy procedures (25). These latter produce a
deep incision in the trabecular tissue with close edges
of the wound. The histological picture after AITC also
differs from goniocurettage. In this procedure
trabecular removal is associated with damage to the
posterior wall of Schlemm’s canal and collector ves-
sels (13).

Although our histological findings on cadaver eyes
are encouraging problems may be encountered in cli-
nical application of AITC. The fine details of anterior
chamber angle structures cannot be clearly visualized
in every case: corneal opacities, corneal edema
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Ex. 2021 92:14-22

Q. Do you recall testifying that surgical
procedures for treating glaucoma can be classified as
either ab-interno or ab-externo?

A. Yes.

Q. Must a surgical procedure for treating
glaucoma be one or the other only?

A. No. Isuppose they -- I don't think it

does necessarily. I suppose there can be combinations

of both of those.
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A, Ibelieveitis.
Q. What does the term " goniocurettage” mean to

A. So a goniocurettage would imply to me an
operation of the angle that involves remove of tissue,
likely removal of tissue. It can just be a scraping,
but it's the scraping -tvpe of procedure and possibly
cutting as well, but removal of tissue through a sort
of scraping/cutting process.

Q. And vou believe vour understanding of this
term as vou've just defined it is commonly shared by
others in ophthalmology?

A. Ibelieve so.

Q. Do you recall testifying that surgical
procedures for treating glaucoma can be classified as
either ab-interno or ab-externo?

A. Yes.

Q. Must a surgical procedure for treating
glaucoma be one or the other only?

A. No. I suppose they -- I don't think it

does necessarily. I suppose there can be combinations

of both of those.

IPR2020-01573 Paper 29 at 31-34; 2020-01711 Paper 17 at 35-38; 2021-00066, Paper 17 at 31-34.
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Q. Soit's not an absolutely binary
classification?

A. Right. There may be procedures that
combine those elements, ab-interno and ab-externo.

Q. And can vou explain what vou're thinking
about that might be an example of that?

A. Right. SoI guess I'm saying that the
terms themselves don't exclude the possibility.
Generally speaking and probably for purposes of this
process the ab-interno would be an approach from the
inside of the eye to perform the procedure of treating
the angle, whereas an ab-externo would be from the
outside of the eve. Again, the terms may not exclude
those two things occurring during in the same
procedure, but most of the procedures that I'm
thinking of when I'm using those terms are one or the
other.

Q. Sovou've testified that the ordinary and
customary meaning of ab-interno to a person of
ordinary skill in the art, or a POSA_ is to generally
mean from the inside?

MR. DEIGHAN: Objection, form.
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Ex. 2021 124:17-21

Q. But the '729 Patent says the sides of its
device are sharp and intended to cut tissue. Where
does Quintana say that the sides of the Quintana
device are sharpened to cut tissue?

A. Quintana does not specify that.

=T~ T I - Y I L ]

18

IPR2020-01573 Paper 29 at 21-27; 2020-01711 Paper 17 at 22-28; 2021-00017 Paper 17 at 19-26;
2021-00065 Paper 18 at 19-23; 2021-00066, Paper 17 at 26-30.
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standard hypodermic needle tip that has two cutting
blades?

A. Yes.

Q. And you know that they are cutting blades
how?

A. Well, we can go to the declaration, but
just from -- and the declaration kind of goes through
the whole thing, I don't want to contradict that.
That would be the primary source for this information,
but the blades are similar to the '729 Patent. The
blades are at a location that becomes relevant as the
instrument is used. So in this case, as it's being
passed forward through the trabecular meshwork, the
edges that are relevant here would be on the sides,

he dual blades on the side of the single beveled

Q. But the '729 Patent says the sides of its
device are sharp and intended to cut tissue. Where
does Quintana say that the sides of the Quintana
device are sharpened to cut tissue?

A. Quintana does not specify that.
Q. And so your conclusion that Quintana does
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Ex. 2021 131:16-19

Q. Sois it your testimony that a cystotome is
the same as a standard hypodermic needle that's bent
at the tip?

A. Yes.

131

A. By bending it, bending the tip. So the
common usage would have been that needle holders were
used just as Quintana described. Every
ophthalmologist would have been familiar with this.
And then using a needle holder, which is a little bit
stronger, to bend the tip in a way that's
controllable.

So Murray Johnstone used standard lens
cystotomes which would have had a bent tip just
created by the surgeon, and, you know, much like the
design shown here in Patent '729, the tip was bent at
various places at the distal end of the needle up to

nd including in the bevel, and the tip was bent using
at instrument, and he used that approach which was
mxommon usage at that time.

Q. Sois it your testimony that a cystotome is
the same as a standard hypodermic needle that's bent
at the tip?

A. Yes. In common usage, yes. There are
commercially available products now, most of us use
those. We don't take the time to bend them ourselves.

But at that time it was commonly done by the surgeon

IPR2020-01573 Paper 29 at 35, 37, 54; 2020-01711 Paper 17 at 40-42, 50; 2021-00017 Paper 17 at 31.
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Ex. 2021 262:3-6

A,

A,

Q. But you don't show the sides that you label

here as needle cutting edges in the trabecular
meshwork. Would you agree with that?
A. Correct. '

262

1 meshwork?

Correct.

Q. But you don't show the sides that you label
ere as needle cutting edges in the trabecular
meshwork. Would you agree with that?

Correct. But it's a continuous -- it's an

re's a bit of an arc to it. But elsewhere

ration, we do describe that the — you
idest point is probably the most relevant
e it cuts, but the actual dual blade can
her towards the tip and further back as

arly the widest point is, proximal, most

n this figure, clearly they've got it
Ftle bit back from the widest point, but I
point out for purposes of this deposition
10w, the widest point might be the most
int to label. Although, this is correctly
Irly view.

following up on that, if you look at the

t of separation in this depiction, that's

frabecular meshwork, is it?

IPR2020-01573 Paper 29 at 22, 25; 2020-01711 Paper 17 at 23; 2021-00017 Paper 17 at 20;
2021-00065 Paper 18 at 20; 2021-00066, Paper 17 at 27.
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A. Correct, as depicted here. The tissue can
stretch, so when it reaches the widest point, I mean,
maybe it's a little bit past it, maybe it's a little
bit before it when it starts cutting, when it's off
center a little bit, vou know, one edge cuts a little
more than the other edge initially, you know, exactly
where it cuts relative to the widest point can vary a
little bit in real life. But the widest point is a
good thing to measure, as vou're pointing out, because
that would be the maximal width of the strip that
would be removed.
MR. SUNG: Let's go off the record.
THE VIDEOGRAPHER: OkKkay. The time is
approximately 4:24 p.m., And we are off the
record.
(Break in proceedings.)
(Deposition adjourned at 4:24 p.m.)
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Ex. 2021 262:20-263:11

Q. Following up on that, if vou look at the
widest point of separation in this depiction, that's

not in the trabecular meshwork, is it?

A. Correct, as depicted here. The tissue can
stretch, so when it reaches the widest point, I mean,
maybe it's a little bit past it, mayvbe it's a little
bit before it when it starts cutting, when it's off

262

meshwork?
A. Correct.
Q. But you don't show the sides that you label
here as needle cutting edges in the trabecular
meshwork. Would you agree with that?

A\

A. Correct. But it's a contin

edge. There's a bit of a

C-T-LREEN - N I S

v the most relevant
e actual dual blade can
ards the tip and further back as

early the widest point is, proximal, most

In this figure, clearly they've got it
labeled a little bit back from the widest point, but I
16 would just point out for purposes of this deposition
that, you know, the widest point might be the most
relevant point to label. Although, this is correctly
labeled in my view.

center a little bit, vou know, one edge cuts a little

more than the other edge initially, vou know, exactly
where it cuts relative to the widest point can vary a
little bit in real life. But the widest point is a
good thing to measure, as vou're pointing out, because
that would be the maximal width of the strip that
would be removed.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Q. Following up on that, if you look at the

21 widest point of separation in this depiction, that's

22 not in the trabecular meshwork, is it?

263
A. Correct, as depicted here. The tissue can

/ stretch, so when it reaches the widest point, I mean,
maybe it's a little bit past it, maybe it's a little

bit before it when it starts cutting, when it's off
center a little bit, vou know, one edge cuts a little
more than the other edge initially, you know, exactly
where it cuts relative to the widest point can vary a
little bit in real life. But the widest point is a
good thing to measure, as vou're pointing out, because
that would be the maximal width of the strip that
would be removed.
MR. SUNG: Let's go off the record.
THE VIDEOGRAPHER: OkKkay. The time is
approximately 4:24 p.m., And we are off the
record.
(Break in proceedings.)
(Deposition adjourned at 4:24 p.m.)
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IPR2020-01573 Paper 29 at 25-27; 2020-01711 Paper 17 at 26-27; 2021-00017 Paper 17 at 24-25;
2021-00065 Paper 18 at 21-22; 2021-00066, Paper 17 at 28-29.
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Ex. 2022 285:4-8

Q. Would you agree that the intended purpose
of a standard hypodermic needle is not to create a

strip of tissue?
A. 1 would agree that the standard use is not

to excise strips of tissue for a hypodermic needle .

IPR2020-01573 Paper 29 at 10; 2020-01711 Paper 17 at 11; 2021-00017 Paper 17 at 8;
2021-00065 Paper 18 at 7; 2021-00066, Paper 17 at 8.
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tissue?
A. Yes, I would agree that that is the

standard use.
Q. Would you agree that the intended purpose

= W e =

of a standard hypodermic needle is not to create a

strip of tissue?
A. Twould agree that the standard use is not

=]

to excise strips of tissue for a hypodermic needle .
9 Q. You testified that you recall addressing
10 the issue about sharpness and bluntness somewhere in

11 your declaration. Do you remember that?

12 A. Yes, I do remember discussing that.
13 Q. But then I had disagreed with you yesterday
14 about it, but I think that I can help clarify this.
15 A. Okay.

16 Q. You did not address sharpness and bluntness

17  in the declaration you made for IPR2020-01573
18 regarding the '729 Patent, but you did address
19 sharpness and bluntness in the declaration you made
20 for IPR2020-01711 regarding the '155 Patent. Would
21 you agree with that?

22 A. TI'll have to just check the --
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Ex. 2022 297:16-20

Q. Does Quintana provide any quantitative
metrics to indicate that the beveled sides of the

Quintana device tip are sharp enough to cut trabecular

meshwork?
A. No.

IPR2020-01573 Paper 29 at 22; 2020-01711 Paper 17 at 23; 2021-00017 Paper 17 at 20; 2021-00065 Paper 18 at 21;
2021-00066, Paper 17 at 27.
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Q. Describe what literature you read and
interpreted.

A. Well, in Quintana itself, he does assert
many times, and I believe there is evidence for that
in the manuscript, that he does remove strips of
tissue and sections, quote/unquote of tissue, and so
that's the relevant material that would be linked to
this discussion.

Q. But I'm asking whether --

A. These claims.
Q. But I'm asking whether you conducted any

studies to determine based on quantitative metrics
whether the beveled sides are sharp enough to cut
trabecular meshwork.
A. No.
Q. Does Quintana provide any quantitative
metrics to indicate that the beveled sides of the
Quintana device tip are sharp enough to cut trabecular
meshwork?

A. No. He made observations that he felt
indicated that it was cut ting or removing strips, but

he didn't provide specific evidence of that, any
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Ex. 2022 298:20-299:1

Q. But Jacobi does not provide any
quantitative metrics to indicate whether the edge of

the Jacobi gonioscraper is sharp enough to cut

trabecular meshwork, does it?
A. To my recollection, you are correct.

IPR2020-01573 Paper 29 at 45-49; 2020-01711 Paper 17 at 51-54; 2021-00017 Paper 17 at 35-38;
2021-00065 Paper 18 at 32-36; 2021-00066, Paper 17 at 43-47.
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surements of that.

Q. Atany time during the process of your
preparation of your declarations, as well as your
preparation for your testimony today, were you
informed that the beveled sides of the Quintana device
tip are sharp enough to cut trabecular meshwork by
quantitative metrics?

A. No.

Q. Dr. Netland, you've testified that in vour
opinion, the edges of the Jacobi gonioscraper are
sharp enough to cut trabecular meshwaork, correct ?

A. Yes.

Q. Did vou conduct any studies to determine
based on quantitative metrics whether the edges of the
Jacobi gonioscraper are sharp enough to cut trabecular
meshwork?

A. No. I reviewed the information in the
nuscripts, which provided suggestive evidence that
v are sharp enough to cut.

Q. But Jacobi does not provide any
guantitative metrics to indicate whether the edge of

the Jacobi gonioscraper is sharp enough to cut

299
1 trabecular meshwork, does it?
2 A, To my recollection, you are correct.
3 Q. And at any time during the process of your
4 preparation of your declarations as well as your
5 preparation for your testinony today, were you
6 informed that the edge of the Jacobi gonioscraper is
7 sharp enough to cut trabecular meshwork by
8 quantitative metrics?
9 A. No. By quantitative metrics, no. You are
10 correct,
11 Q. Apologies in advance. We always have to be
12 complete.
13 You've testified that in your opinion the
14  edges of the Lee device are sharp enough to cut
15 trabecular meshwork, correct?
16 A, Yes.
17 Q. Lee does not provide any quantitative
18 mefrics to indicate that the edges are sharp enough ta
19 cut trabecular meshwork; is that correct?
20 A. No, I haven't done a detailed search on the
21 information associated with this patent, but I agree
22 with you. It's not in the summary of the patent.
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Ex. 2022 299:17-22

1 measurements of that.
2 Q. Atany time during the process of your

208

Q. Lee does not provide any quantitative

metrics to indicate that the edges are sharp enough to

cut trabecular meshwork; is that correct?
A. No, I haven't done a detailed search on the

information associated with this patent, but I agree

with you. '1¢

ions, as well as your
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of the Quintana device
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IPR2020-01573 Paper 29 at 35, 38-42; 2020-01711 Paper 17 at 44-47.
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299
trabecular meshwork, does it?

A, To my recollection, you are correct.

Q. And at any time during the process of your
preparation of your declarations as well as your
preparation for your testinony today, were you
informed that the edge of the Jacobi gonioscraper is
sharp enough to cut trabecular meshwork by
quantitative metrics?

A. No. By quantitative metrics, no. You are
correct.

Q. Apologies in advance. We always have to be
complete.

You've testified that in your opinion the
edges of the Lee device are sharp enough to cut
trabecular meshwork, correct?

A, Yes.

Q. Lee does not provide any quantitative
metrics to indicate that the edges are sharp enough to
cut trabecular meshwork; is that correct?

A. No, I haven't done a detailed search on the
information associated with this patent, but I agree

with you. It's not in the summary of the patent.
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