METHOD AND DEVI CE TO | MPROVE AQUEQUS HUMOUR DRAI NAGE I N AN EYE Th&m’é%g%t"b
invention relates to a method and to a device to inprove aqueous hum)ur(,0 C
drai nage in an eye, by which the aqueous hunour secreted by the ciliary
body is drained in the region of the iridocorneal angle through the
trabecul ar neshwork into the canal of Schl @ym and from there through the
subsequent natural outflow pathways. For treatnent of changes in the
trabecul ar meshwork in front of the canal of Schlenm which changes
conpletely or only partially obstruct the drainage of the aqueous hunour, a
met hod and . a device for performance of the method are known from printed
publication US-A 5,360,399 and US-A 5, 486, 165, whereby a nmediumin the form
of a highly viscous aqueous sol ution, preferably based on hyal uronic acid
is injected by an injection apparatus into the canal of Schl enmthrough a
probe introduced into the canal of Schlemm so that the trabecul ar
meshwork is hydraulically expanded and its pores :
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METHOD AND DEVICE TO IMPROVE AQUEOUS HUMOR DRAINAGE IN AN EYE ‘/

The present invention relates to a method and to a device to
improve aqueous humor drainage in an eye, by which the aque-
ous humor secreted by the ciliary body is drained in the re-
gion of the iridocorneal angle through the trabecular mesh-
work into the canal of Schlemm and from there through the
subsequent natural outflow pathways.

For treatment of changes'in the trabecular meshwork in front
of the canal of Schlemm, which changes completely or only
partially obstruct the drainage of the aqueous humor, a me-
thod and a device for performance of the method are known
from printed publication UsS-A 5,360,399 and US-A 5,486,165,
whereby a medium in the form of a highly viscous aqueous so-
lution, preferably based on hyaluronic acid is injected by an
injection apparatus into the canal of Schlemm through a probe
introduced into the canal of Schlemm, so that the trabecular
meshwork is hydraulically expanded and its pores are opened,
whereby the openings thus created are coated by the highly
viscous material as a protection against immediate reclosure.
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are dpened, whereby the openings thus created are coated by the highly
viscous material as a protection against i mediate reclosure. Although in

the af orenentioned printed publications, the injecti eaoet Ll é &
mediuminto the canal of Schlemmis described as a ne giﬂ %&g%&m o
t hereof, with the known nethod there is stidl-the uncgrtai Rudctat J
ultimately the canal of Schlenmmwi |l close again as a result of various °
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si gni fi cant| yjectsiton dfed cuitahile trddiwmbsintur tdte asanma) el Sclofenmeis de-—
def ormat i on %fCrti ee %&ala q{ea%%ﬂi%gnbpenir?g' thereof, with the known method
there is still the uncertainty that ultimately the canal of
- Schlemm will close again as a result of various pathological
changes._The'drainage of the aqueous humor through the canal
of Schlemm and through the subsequent outflow pathways is
thus significantly restricted or completely obstructed as a

~result of the deformation of the canal of Schlemm.

The object of the present invention is to provide a method
and device by means of which improved, pressure-regulating
circulation of the aqueous humor is achieved and its drainage

from the eye is permanently maintained.

With regard to the method, the object is characterized in
that the canal of Schlemm, microsurgically exposed at one or
more locations, is expanded in a first phase by a locally in-
creased hydraulic pressure and then, in a second phase, for
example, is supported by appropriate means implanted in the
expanded lumen of the canal of Schlemm and thus permanently
held in an expanded position.

The object established with regard to the device is characte-
rized in that an axially oriented support element supporting
the inner wall of the canal of Schlemm in the region of the
locally expanded lumen and is placed such that the aqueous
humor can permanently drain from the canal of Schlemm through
the subsequent natural outflow pathways of the eye. .

Additional advantages, characteristics, and particulars of
the invention are revealed in the dependent claims, the fol-
lowing description, and the drawing.

Exemplary embodiments of the invention are described herein-
after with reference to the drawing. In this:
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The o6bj ect of the present invention js to provide a nethod and device by
means of which inproved, pressure-regulating circulation of the aqueous
humour is achieved and its drainage fromthe eye is permanently nai ntained
or to at least provide the public with a useful choice. Wth regard to the
met hod, the object is characterized in thad the canal of Schlemm

_ nLcrosgrgic?llylfxposed at one or nore locations, is expanded in a first
phase by a logcally increased hydraulic.pressure and then. in o]

phase, for &&%pte, ?§°§ﬁpﬂoFFéﬁsb§e8%&BBpﬂzﬂ %nﬁﬂﬁ?ﬁ*&ﬁeﬁﬁéﬁfgﬁ Pgethe
expanded | unen of theyeafiepictedSciitrematindalhiysipea meechicglhplanen an '
expanded position. The object established with regard to the device to

| nprove aqueous hunour drainage in an eye which has a Schl enmi s canal,
wher ei n t he Bigh2nm shewsala hperbéen exbosbe ieveatr dexisiteshesphgpatds@lly
expanded by means ofyig devicferdd €3hadin% AiddUAdd CAnBPPRS IS upheid N

the device in the region .
‘ and an exposed portion of the canal of_Schlemm;

Fig.3 shows an énlérged, schematically depicted portion of
the eye according to Fig.2 with an,injection probe
inserted into the partially exposed canal of Schlemm
to expand the canal; | '

Fig.4 shows the portion of the eye according to Fig. 3 with
' a support element implanted in one portioh_of the ca-
nal of Schlemm in the form of a cylindrical prosthe-

sis;

Fig.5 shows the support element according to the first ex-
emplary embodiment shown in Fig.4, depicted spatially
and enlarged;

Fig.6 shows the support element according to Fig.5, per-
spectively and partially cross-sectionally;

Fig.7 shows the portion of the eye according to Fig.3 with
a support element implanted in the other portion of
the canal of Schlemm and designed as a second exem-

plary embodiment;

Fig.8 shows the support element according to Fig.7 depicted
as the second exemplary embodiment, enlarged and in
partial cross section;

Fig.9 shows a third exemplary embodiment of the support
element to be implanted in the canal of Schlemm;



| ocally expanded portion of the Schlemmi s canal includes a support el ement
supporting the inside wall of the Schlemis canal, the device being adapted
to be introduced and orientated axially to the Schlenm s canal, the
positioning of the device being such that the aqueous hunour can
permanently drain fromthe Schl emmi s canal 4t br ough t he subsequent outfl ow
pat hways of the eye. Additional advantages characteristics, and
articulars i nventi are_reyv aI in,.the de endent q .t he
particulars gtgt U5, | ONERL) AL ApbeYEcLTdant! HEHEHSNAEN, Y I° adfiteea
i nvention are descrlbadahemﬁe1vﬁéwnamwm@ théedldnee XX tdamed diawcrgss| rsddn s
-3- Fig.1 shows a €5885 section of the anterior section of the

Fig.11 shows a fourth exemplary embodimentaof the support
element to be implanted in the canal of Schlemm; and

Fig.12 shows a further exemplary embodiment of the support
element to be implanted in the canal of Schlemm.

Fig.1l shows an enlarged_schematic vertical section through
the anterior'part of the eye labeled in its totality with 10.
Evident in the anterior part of the eye are the cornea 11,
the iris 12 with the sphincter muscle 12' and 12", the sclera
13, the lens 14 with the pupil 14', and the zonular fibers 19
as well as the canal of Schlemm 15 {sinus venosus sclerae)
and the trabecular meshwork 18 (trabeéulwm corneosclerale)
upstream thereto.

' In a healthy eye, the drainage of the aqueous humor, which is
constantly renewed and circulates according to arrowsll,l'
and 2,2' from the posterior'chambér H to the anterior chamber
V, occurs in the iridocorneal angle V' (angulus iridocornea-
lis) following arrow direction 3 through the trabecular mesh-
work 18 into the canal of Schlemm 15 and from there through
the collector channels 21',22' (Fig.4) or 21,22 (Fig.7) of
the subsequent natural outflow pathways 20,20' (Fig.2,4,7)
into the vein system (not shown). The resistance of the drai-
nage system regulates the flow of the aqueocus humor so that
the pressure in the eye remains in a specific range tolerated
by the tissue of the eye.

Under pathological conditions, the resistance may increase,
whereby one of the factors is in the canal of Schlemm. The
canal of Schlemm 15 may close such that the drainage of the
aqueous humor is inhibited or completely blocked. As a result



eye depicted schematically in a vertical plane; Fig.2 shows a portion of

the eye depicted schematically with a scleral lanella dissected and fol ded

upwar d and an exposed portion of the canal of Schlemm Fig.3 shows an

enl arged, schematically depicted portion of the eye according to Fig.2 with
an injection probe inserted into the partt & Iy exposed canal of Schlemmto

expand the canal; Fig.4 shows the portion of the eye according to Fig. 3

with a support ement inplanted in one rtion of the ca- nal_ of Schle

' The Torm BF Eheyabayatad Taathncs, The-ay ey dtenbay, dnsyde “CRe

el ement accoegiengo chate tHhe Ulavd supply \arerhediseenterdfigvtlien fingtion of

depi cted spatial | y. o homs SHRRA '

accordi ng toEllt—llzg.%,ta%grn?éysvgéégleﬁdvre%éﬁal%&e%rt Ia st1 gﬁcr 0SSs- s’egél ona l))[ known
as "glaucoma', often leads to the blindness of one or both

eyes.

Fig.2 depicts the eye 10 schematically and shows the lens 14
with the pupil 14', the partially depictéd sclera 13, and the
partially depicted canal of Schlemm 15 and a portion'of the
natural collector channel system 20,20' connected therewith
_(aqueous humor canal system). For the surgical intervention,
in a first phase, as depicted schematically in Fig.2, the
" sclera 13 is microsurgically incised and a lamellar flap 13!
is formed which is folded upward for partial exposure of the
- canal of Schlemm 15. During the course of the surgery, the
flap portion 13' of the sclera is held in this position by
means, such as clamps or the like, which are not depicted.

In a second phase, as depicted schematically in Fig.3, a pro-
be 33, tubular in design and disposed on a schematically de-
picted connector 32, is introduced into the lumen 16 of the
canal of Schlemm 15. The connector 32 is linked with a sche-
matically depicted injection apparatus 30 through a supply
line (not shown). A hydrophilic material, for example a hy-
drophilic liquid 29, is injected into the canal of Schlemm 15
by means of the injection apparatus 30 following the arrow
direction 31 through the tubular probe 33 provided on the di-
stal end with one or more outflow openings 33'. With the in-
jected hydrophilic liquid 29, the virtually closed portion
15' of the canal of Schlemm 15 depicted schematically in
Fig.3 is hydraulically expanded.

As an improvement or supplement to the method, the portion
15" of the canal of Schlemm 15 opposite the portion 15' al-
ready treated may (in a manner not shown in detail) be trea-
ted analogously and expanded using a probe designed pre-



Fig.7 shows the portion of the eye according to Fig.3 with a support

el ement inplanted in the other portion of the canal of Schlemm and desi gned
as a second exem plary enbodinent; Fig.8 shows the support el enent
according to Fig.7 depicted as the second exenpl ary enbodi nent, enl arged
and in partial cross section; Fig.9 shows e third exenpl ary enbodi nent of
the support elenent to be inplanted in the canal of Schlemm -4- Fig.10

shows the support _el enent according to Fig.9 depict.ed.in a side view alon
the l'ine X-xfex@dly 3%s? §B€IQH(ﬁ%a¢99?gq 1§ﬁ§ uged, J140 ¢ ﬁpFQFﬁi of
enbodi nent okchhemxpp®lt Fig.3 also depicts the trabecular meshwork 18

(trabecula) upstream from the canal of Schlemm 15 with the

schematically depicted trabecular mesh 18'.

At the time of the above described expansion of the canal of
Schlemm 15, openings (not depicted) created in its wall are
simultaneously cpated with the hydrophilic material injected,
for example, such that the hydrophilic liquid 29 clinging to

. the walls of'these,openings in the form of a film prevents
local contact between the rims of these openings which hin-
ders the discharge of the aqueous humor.

At this point, reference is made to the fact that instead of
the hydrophilic material or liquid, an appropriate biocompa-
tible gaseous medium or even a mixture of the hydrophilic 1li-
quid and the gaseous medium may be used to expand the canal
of Schlemm. ' '

As depicted schematically in Fig.4, an implant supporting the
inner wall 16' connected to the hydraulic or pneumatic expan-
sion and to optimize permanent passability and circulation of
the aqueous humor is used in one portion 15" of the canal of
Schlemm 15. As the first exemplary embodiment of an implant,
a support element 35 with a long tube 36, which is inserted
with its distal end 35" into the canal of Schlemm 15, is pro-
vided. On the other, promixal end 35', the support element '35
is provided in the exemplary embodiment depicted with a col-
lar 37 which fits closely against the inward face 13" of
scleral incision, whereby any displacement of the emplaced
(implanted) support element 35 in the canal of Schlemm 15 is
prevented. The tube 36 is further provided with a number of
throughholes 38,38' distributed axially and circumferentially
spaced. The support element 35 is, as depicted schematically
in Fig.4, preferably positioned and implanted in the portion
15" of the canal of Schlemm 15 such that at least one of the



el ement to be inplanted in the canal of Schlemm and Fig.12 shows a further
exenpl ary enbodi nent of the support element to be inplanted in the canal of
Schlenm Fig.1l shows an enl arged schematic vertical section through the
anterior part of the eye labeled inits totality with 10. Evident in the
anterior part of the eye are the cornea 17 the iris 12 with the sphincter
muscle 12' and 12", the sclera 13, the lens 14 with the pupil 14', and the
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which is constantly renewed and circul ates according to arrows 1,1 and
2,2 fromthe posterior chanber Hto the anterior chanber V, occurs _.in the
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fro”‘there-tgig?%hand the distributed throughholes 38,38i connected with
the interior 36' and the essentially torus-shaped COllar 37.
In the exemplary embodiment depicted, the circular collar 37
is, for example, placed on the tube 36 with a torus-shaped
transition 377, formed with a (bell-shaped) flair on it, for
example, by suitable means in ‘the form of a mandrel (not
shown). In another'exemplary embodiment (not_shown),'thére is
also the possibility, for improved insertion of the support
element 35 into the canal of Schlemm 15, to design the tube
36 conically tapered axially starting from the collar 37 or
from the transition 37' to the distal end 35".

Fig. 7 shows the other portion 15' of the canal of Schlemm 15
with the support element 40 designed and implanted as a se-
cond exemplary embodiment. The support element 40 is pre-
ferably positioned and implanted such that at least one of
the outflow openings 41,41', as depicted schematically in
Fig.?, is connected with the collector channels 21,22 (small
channels) of the natural outflow pathways 20. The agueous hu-

" mor penetrating through the trabecular meshwork 18 exits
through the canal of Schlemm 15 or through the interior 40°
of the support element 40 and through the openings 41' and
collector channels 21,22 of the subsequent natural outflow
pathways 20.

Fig.8 shows perspectively and partially cross-sectionally the
second exemplary embodiment depicted of the tubular support
element 40. The second support element 40 is provided with
multiple outflow openings 41,41' spaced at intervals axially
and arbitrarily distributed circumferentially or placed dia-



the collector channels 21',22' (Fig.4) or 21,22 (Fig.7) of the subsequent
natural outflow pathways 20,20' (Fig. 2,4,7) into the vein system (not
shown). The resistance of the drai- nage systemregulates the flow of the
aqueous hunor so that the pressure in the eye remains in a specific range
tolerated by the tissue of the eye. Under- pghthol ogi cal conditions, the
resi stance may i ncrease, whereby one of the factors is in the canal of

aaveous humoPed voshny ey dkbh &fi AL fifledey Yl e gintofyr

el evated resiost #4fce, the pressure increases inside the eye so that the
bl ood supply and consequently the function of the optic nerve is

restricted. This disorder, %eneraLI known, i
Fig.9 and Fig.10 depict a third exemplary embodiment of the

support element 45 which has two end portions 47,47', each
provided with one opening 45',45" and designed as axially
spaced toruses, between which are pleced- at least two, but
preferably three webs 46,46' and 46" placed circumferentially
at intervals and linking the end portions 47,47' to each
other. In this variant, the 'rec'esses 48,48' and 48" provided
. between the webs 46,46' and 46" serve in each case as outflow
openings for the aqueous humor to be drained substantially
'through the openings 45' and 45". '

Fig.1l1 depicts, as a fourth exemplary embodiment, the support
element 50, which is designed essentially as a helicoidal
network made of threads 51 designed interlinked and advanta-
geously stiff. The network may, for example, be produced from
relatively stiff plastic or metal threads 51 or from a biolo-
gical material. The individual threads 51 (filaments) of the
network may also be interconnectedly wound counter to each
other and in a helix shape. In this variant, the gaps 52,52
and 52" provided between the individual threads 51 serve re-
spectively as outflow openings for the aqueous humor. The
support element 50 may be designed such that it may be com-
pressed for implantation and automatically expanded in the
lumen 16 of the canal of Schlemm 15 after implantation.

The interconnected metal threads or filaments 51 of the sup-
port element 50 (Fig.1ll) are preferably.made of a nickel-
titanium alloy. These filaments 51 have a so-called shape me-
mory effect, as a result of which the support element 50 de-
signed as a network can be plastically deformed and with ap-
propriate heating can be automatically returned to its origi-
nal shape. The support element 50 with the thermal shape me-
mory has the advantage that it ean, for example, be inserted



as "glaucoma", often leads to the blindness of one or both eyes. Fig.2
depicts the eye 10 schematically and shows the lens 14 with the pupil 14",
the partially depicted sclera 13, and the partially depicted canal of

Schl emm 15 and a portion of the natural collector channel system 20, 20
connected therew th (aqueous hunor canal'sﬁkren) For the surgical
intervention, in a first phase, as depicted schematically in Fig.2, the

sclera 13 is %rt‘?L rlg.yfcaciéfloﬂ'r{:'é:d SefeRng %eié‘g‘fl{%i‘{z fslm%ﬁﬂ%xg i-na‘i”‘{ me-
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depicted. In a ase, as depicie matically 1 n Fi
33, tubul ar iL§ G’@éﬁ“@'ﬁl%di%lstrﬁ)%%ﬂad- SIS EABE-de- pi cted connect or
32, is introduced into the lumen 16 of the canal of Schlenm 15. The

connector 32 IS.T2m§g¥fgé£tqagcgnother exemplary embodlment the support

element 55, which is, for example, produced from a single wi-
re 56 wound in a helix shape produced from relativeiy stiff
plastic or metal threads 56 or made of a noble metal, for ex-
ample, a silver, gold, ot platinﬁm wire. In this variant, the
gaps 57 and 57' provided between the individual turns serve
respectively as outflow openings for the aqueous humor.

The support elements 35;40;45;50 or 55 designéd, for example,

" as’ tubes or spirals made of suitable biocompatible material
enable, in particular,.due to their inherent flexibility, op-
timal adaptation to the natural shape of the canal of Schlemm
15. The hollow cylindrical support elements 35;40;45;50 or 55
may, however, be coated with a suitable material, whereby de-~
sired biological reactions are generated or adverse biologi-
cal reactions are reduced or completely prevented with the
coating material.

In a variant embodiment not depicted, there is also the pos-
sibility that the support element 35;40;45;50 or 55 is de-
signed longitudinally somewhat arcuate. In another variant
not depicted, there is also the possibility that the support
element 35;40;45;50;55 is designed conically tapering longi-
tudinally from one end to the other.

To illustrate the dimensions of the individual support ele-
ments 35;40;45;50 or 55 and the difficult manipulation the-
reof during implantation in the expanded lumen 16 of the ca-
nal of Schlemm 15 (Fig.4,7), reference is made at this point
to the fact that the support elements have, for exampie, a
length L = 2.0 mm and an external diameter D = 0.2 mm. The



mati cal |y depicted injection apparatus 30 through a supply line (not
shown). A hydrophilic material, for exanple a hy- drophilic liquid 29, is
injected into the canal of Schlemm 15 by nmeans of the injection apparatus
30 following the arrow direction 31 through the tubular probe 33 provided
on the di- stal end with one or nore outT|¥W dpenings 33'. Wth the in-
jected hydrophilic liquid 29, the virtually closed portlon 15" of the canal

of - Schi enm 15, 0gpl.g" SlcAINGIRY LAy b0 F10a3i Baludull oty gupanded. s

an i npr OVEITEI’I or sup portion e Cana
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_ 35;40; 45 50 and 55 are, however, not restricted to the dimen-

sions indicated above as examples.

Exemplary embodiments for introduction of the respective sup-
port elements: ' '

Variant I: after expansion, the injection apparatué 30 with
the probe 33 is withdrawn from the canal of Schlemm 15 and
then the support element 35;40;45;50 or 55 is_manualiy inser-
ted into the lumen 16 of the canal of Schlemm 15 by appro-
priate means in the form of medical forceps or tweezers or
another surgical instrument and positioned (Fig.4,7);

variant II: the support element 35;40;45;50 or 55 is placed
by means of a separable connection on the distal end of the
probe 33 of the injection apparatus 30 and after the -expansi-
on of the canal of Schlemm 15, is separated for the implanta-
tion by means not depicted;

Variant III: the distal end of the probe 33 of the injection
apparatus 30 is designed as a separable support element 35;
40;45;50 or 55;

Variant IV: the substantially hollow cylindrical support ele-
ment 35;40;45;50 or 55 is pushed onto the distal end of the
probe 33 such that after the expansion of the canal of
Schlemm 15, the support element 35;40;45;50 or 55 is pushed
by suitable means in a axial direction relative to the probe
33 into the lumen 16 of the canal of Schlemm 15 and posi-
tioned.

Additional advantageous variants within the framework of the
invention are also possible for implantation of the support



ferably as a mrror inmage and introduced into the canal of Schlemm 15.
Fig.3 al so depicts the trabecular nmeshwork 18 (trabecula) upstreamfromthe
canal of Schlemm 15 with the schematically depicted trabecular mesh 18" . At
the tine of the above descri bed expansi on qf the canal of Schlenmm 15,

openi ngs (not depicted) created in its wal Hare si mul t aneously coated with
the hydrophilic material injected, for exanple, such that the hydrophilic

liquid 29 cli 0.tkh l.g 0,1 hese saparl Ng$, i At f |
pr ovent s 1 ocdl it 75p3P3RE nen 1 52 ° 4P T tuhlin; 1% 1O TRl et or
t he di schar géaiflemm Hyueous hunor. At this point, reference is nade to the

fact that instead of the hydrophilic material or l'iquid, an appropriate

bi oconpa- tible gaseous, medium or even a m xture of the hydrophilic. li-
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depi ct ed scheiainy aéhpod imEhgsd ofarthepindividpadr suppoirite elements 35;40;
45;50 or 55. Other advantageous designs.of the support élé—
ments are also possible without -going outside the basic idea
of the invention. The support elements described in detail
above and depicted are frequently also called endoproétheses._
The combination of the.hydraulic expansion and the opening of
the essentially closed canal of Schlemm 15 depicted schemati-
cally in Fig.3 with the'subséquent implantation of the appro-
priately desiéned support element 35;40;45;50 or 55,.in par-
ticular of the flexibly designed support element, is conside-
red particularly advantageous. |

With the support element 35 or 40, the lumen 16 of the canal
of Schlemm 15 is permanently held open, whereby the support
element 35 or 40 is, for example, positioned such that at
least one of the outflow openings 38,38' or 41,41', as depic-
ted schematically in Fig. 4 and Fig. 7, is connected with the
collector channels 21',22' or 21,22 of the subsequent natural
outflow pathways 20' or 20. The aqueous.humor penetrating in-
to the trabecular meshwork 18 exits via the canal of Schlemm
15 or via the lumen 36' or 40' of the support element 35 or
40 and via the openings 38' or 41' and collector channels
21',22' or 21,22 of the subsequent natural outflow pathways
20' or 20.

Reference is made to the fact that in the .lumen 16 of the ca-
nal of Schlemm 15 at least one axially oriented support ele-
ment '35;40;45;50;55 supportingly contacting the inner wall
16'- of the canal of Schlemm 15 is implanted. If need be, the-
re is also the possibility that two or more support elements
are implanted in the deformed or obstructed canal of Schlemm
15. Here, it is advantageous if the respective implanted sup-



inner wall 16' connected to the hydraulic or pneumatic expan- sion and to
optim ze permanent passability and circulation of the aqueous hunor is used
in one portion 15" of the canal of Schlenmm 15. As the first exenplary
enbodi ment of an inplant, a support elenment 35 with a | ong tube 36, which
is inserted with its distal end 35" into~thé tanal of Schlemm 15, is pro-
vided. On the other, prom xal end 35, the support elenent 35 is provided

in the exenplary e i.en i cted w .col - I 37 _whi.ch fi | ose
agai nst the #)%V\II?’;I‘:I‘ c#i)egtgéeﬂqB n%%oés%l r%&%‘%%?%ﬁg%n?fmﬁé?eﬁﬁngr}y ""dgif sépcf%élg%%nig
of the enpl agddhiafpl heast) ovepsolilesitorehagiealn 2ha22 anul 231" ,82H| efin the
is preventedg ?ﬂgﬁ% i ur, gelVa j t r of throughhol es
38,38 distri SH% axi a?lgyﬂtgrréjl cc?"{rlgjlrg‘ye?eantl aylgy 2tsbpgac]'g . The support
element 35 is, as depicted schematically in Fig.4, preferably positioned
and inplanted in the portion 15" of the canal of Schlemm 15 such that at

| east one of the



- 7- througtthotes—38,38—connects wth the small collector chan- nels
21' Za' Ei'the natural outfl ow pathways 20'. The pipe 36 of the support
il

el ene mmll H 31 tially in Fig.5 and in perspectiwé and in parti al
Cross g ¢ and the distributed through £t ed
t he

with the interior 36' and the essenti al |7y %3orus- shTeis SHEERHAS7BEEN
exenpl ary enbodi ment depicted, the circular collar {37 i sREFIACERXxanpl
placed on the tube 36 with a torus-shaped transiti ¢ v Tt

(bel | -shapeﬁlﬁ*ﬁ?f on it, for exanple, by suitable neans in the formof a
mandrel (not shown). In another exenplary enbodi nent (not shown), there is
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starting fromiek ddid apqypols humor secreted by the ciliary body 1is

drained in the region of the iridocorneal angle through the
trabecular meshwork (18) in the canal of Schlemm (15) and
from there through the subsequent riatural outflow pathways,
characterized in that the canal of Schlemm (15), mictosurgi-
cally exposed at one or more locations, is expanded in a
first phase by a localized incﬁeaéed hydraulic pressure and
then, in a second phase, for example, is supported by appro-
priate means implanted in the'eXpénded lumen (16) and is thus

permanently held in an 'expan_ded position.

2. The method according to Claim 1, characterized in that
the exposed canal of Schlemm (15) is expanded with a hydro- .
philic liguid injected into the lumen (16) thereof.

3. The method according to Claim 1, characterized in that
the exposed canal of Schlemm (15) is expanded with a gaseous,
biocompatible medium injected into the lumen (16) thereof.

4. ' The method according to Claims 2 and 3, characterized in
that the exposed canal of Schlemm (15) is expanded with a
mixture of the hydrophilic liquid and the gaseous medium in-
jected into the lumen (16) thereof.

5. The method according to Claim 1, characterized in that
at least one axially oriented support element (35;40;45;
50;55) permanently supporting the inside.wall (15') of the
canal of Schlemm (15) is implanted in the expanded portion
(15',15") thereof. '

6. The method according to Claims 1 and 5, characterized in
that the support element (35) inserted with its distal end

(35") into the expanded portion (15',15") of the canal of
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froﬁTTﬁE‘rTans+f+en_31. to the distal end 35". Fig. 7 shows the other
f the canal of Schlemm 15 with the support el enent.— e pned
and |m‘§&”ji Eﬂlﬁ”m cond exenpl ary enbodi ment. The [5G %E@I%ﬂ% e i s
pre- ed and inplanted such that at |eg p[AGﬂBa out fil ow
openi ngs 41, 41' as” depi cted schematical tyl¢n~Fig.7, ik : -
col |l ector channels 21, 22 (smal | channel s) of t he natural outhOM/pathmays
20. The aqueqQus ,hu- ene rou the becular
exi ts ¢ hr ougnrRaRE, 0 b AR Ay sy AR (Do
support el enthe mmmm@em d:-[s&maqsﬁe ofl' thzend:'rwun'aﬂt @nd:h@rm'e)l sthe-
21,22 of therpgupsequent natural outfl'ow pathways 20. Fig.8 shows
perspectively and partially cross-sectionally the second exenpl ary
enbodi ment depicted of the tubular support elenment 40. The second support
el ement 40 i 9,pr ovhédeshetiiod Mdddrd it Hd lawigRen e 41, Chardvafizdd in

rval s axiall
rnte gatya support element (50) which can be plastlcally deformed

_at least in its external diameter and which can return to its

original shape because of thermal shape memory is implanted
in the expanded portion (15',15") of the canal of Schlemm
(15) . '

8. The method according to Claim 7, characterized in that
the support element (50) is plastically deformed under normal
human body temperature and after implantation is returned to
‘its original shape as a result of body temperature and shape
memory. o '

9. The method according to Claims 1 and 5, characterized in
that the canal of Schlemm (15) is expanded in at least two
portions (15',15") positioned at intervals circumferentially
spaced from each other, into which in each case the support
element (35;40;45;50;55) is implanted.

10. The method according to Claims 1,5 and 9, characterized
in that the support element (35;40;45;50;55) with outflow
openings or the like distributed thereon and connected with
the lumen thereof is implanted in the canal of Schlemm (15)
connected with the subsequent natural outflow pathways
(20,20').

11. The method according to Claims 1 through 10, characteri-
zed in that on each of the two sides of the microsurgically
exposed and expanded portion (15',15") of the canal of
Schlemm (15), one support element (35;40;45;50;55) is implan-
ted.

i
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and arbitrarily distributed circunferentially or plaged. dias

net ri cal H other and connected with thpdigngieri’-HAS BEBN.] Fig. 9
and Fig. Ilmmnﬁlnﬂlmﬂﬂ exenpl ary enbodi ment of the suREPLACEDenent] 45
whi ch has*twb end Mporti ens 47,47', each provi ded w th=efe—opent g 245 , 45"

and designed as axially spaced toruses beldeen which are placed at |east
two, but preferably three webs 46 46' and 46" placed circunferentially at

Var i ant, the ool v IO e batH pAG: Aknaar abBRleRboEn Gkt o in
46" serve i nwhdch dase cenadutdf @ehdmsm NS )f cexndsachquecajs Irast one bplace
drai ned Sumti%”%)éﬂéﬁﬁé&”b%}’%ér&e o%g%irﬂgﬁu%lirﬁ%tﬁ ‘by an injection ap-
paratus (30), characterized in that in the region of the lo-
cally expanded portion (15',15") of the canal of Schlemm (15)
a support element (35;40;45;50;55) supporting the inside wall
(16') and axially oriented thereto is introduced and placed
such that the aqueous humor can permanently drain from the
canal of Schlemm (15) through the subsequent outflow pathways

(20 20') of the eye (10).

13. The device according to Claim 12,_characterized in that
the support element (35) designed as a long tube (36) is pro-
vided on the proximal end (35') opposite the distal end (35")
with a contact collar (37) designed flaring conically out-
ward, preferably with a contact collar (37) formed on it. |

14. The device according to Claim 12, characterized in that
analogously to the lumen (16) of the canal of Schlemm (15),
the support element (35;40;45;50;55) is designed axially so-
mewhat arcuate or can be automatically deformed into an ar-
cuate shape. '

15. The device according to Claim 12, characterized in that
the support element (35;40;45;50;55) is designed conically
tapering longitudinally from the proximal end to the other,
distal end.

16. The device according to Claim 12, characterized in that
‘the tubular support element (35;40) is provided with multiple
outflow openings (38,38';41,41') circumferentially and longi-
tudinally distributed at intervals and connecting with the
inside (36',40').

17. The device according to Claim 12, characterized in that
the support element (45) has two torus-shaped end portions
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Fig. 11 depicts, as a fourth exenplary enbodi nent, the support eleneht 50,

whi ch, i ' _ ntially as a helicoidal networ —of _thre 51
desi gHml ﬂﬂ EE Eiﬁnd advant a- geously stiff. The} THSVEHEETNEAS BEEN |
exanpl'e, «tromrelatively stiff plastic et REPLACERdS 5% or

froma biolo- gical material. The individuk® Threads™5 t he
network may al so be interconnectedly wound counter to each other and in a
hel i x shape. S varsd p , D2 52! \Rr oy et L

"t vi dual i i 2a8d" 8, Bty SBECHAPRRY, BEoviBEa el CULEETop] LAY
aqueous hunof45ThéSEhppdetugemerido aty lsasgediwmheddticRrefgraplyneihnge
com pressedyéps | (44,48 €f4HM agseald DEpdssd! LY revhedadtialiie A Mehtld--of
the canal of Schlemm 15 after inplantation. The interconnected netal
threads or fYRAfrents 51 of the sup- port elenment 50 (Fig. 11) are
preferably made of a nickel- titaniumalloy. These filanments 51 have a

s0-called shage MG eL SWooiad " Hall 1Y) CinliEoR4RR06n Tl
the support element (50) is designed from interlinked threads
(51) as a hollow cylindrical network provided with outflow

~ openings (52,52',52").

19. The device according to Claim 18, characterized in that
the network of the support element (50) is plastically de-
formable and can be returned to its original shape by warming-

up.

'20. The device according to Claims 18 and 19, characterized
'in that the threads'(51) of the network are manufactured from
a nickel-titanium alloy with thermal shape memory.

21. The device according to Claims 18 and 19, characterized
in that the threads (51) of the network are manufactured from
a plastic with thermal shape memory.

22. The device according to Claims 18 through 21, characte-
rized in that the support element (50) is designed from
threads (51) wound individually or counter to each other as a
hollow cylindrical network.

23. The device according to one of Claims 18 through 21,
characterized in that the threads (51) of the support element
(50) are bound to each other in a helicoidal network.

24. ' The device according to Claim 18, characterized in that
the support element (50) designed as a hollow cylindrical
network is designed to expand automatically.
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signeéd as a netvvork can be plastically defornmed and w ap- propriate

heatln cally returned to its origi- nal
el emen mﬂ ;Igmrmal shape me- nory has the advfn
for - - 9- plasticallxzdeforned

small external diane- ter into the exposgd+Canal of Schl enm'at nor
body tenperature and then, because of the nornal body tenperature is

e, 2 a8 o Pl AP 5 ity s I n emae

produced frofthe sietgishagied suEF®Mt0@ldnenta (56))i XS5 Faqesiysest s fa @Aura-

~relatively syif E, glfaﬁ{étglorwﬂggsalwgdy§%e@mcy made of a noble netal, for
v

ex- anple a siflver, d, or platinumw e. In this varlant t he

26. The device according to Claim 12, characterized in that
the support element (55) is manufactured in the form of a
coil spring made from a single wire (56) wound in a helix.

27. The device according to Claim 12, characterized in that -
the hollow cylindrical element (35;40;45;50;55) is made of a
biocompatible material, for example, of a suitable plastic,
of stainless steel, of a noble metai, such as silver, gold,

or platinum, or of a biological material.

28. The device according to Claim 12, characterized in that
the hollow cylindrical support element (35;40;45;50 or 55) is
coated with suitable material to generate a desired biologi-
cal reaction or to prevent an adverse biological reaction.

29. The device according to Claims 12, characterized in that
the hollow cylindrical element (35;40;45;50;55) is flexibly
designéd for automatic adaptation to the lumen (16) of the
canal of Schlemm (15) in the direction of the theoretical
longitudinal axis.

30. The device according to Claim 12, characterized in that
the hollow cylindrical element (35;40;45;50;55) is disposed
by means of a separable connection on the injection apparatus
(30).

31. The device according to Claim 12, characterized in that
the injection apparatus (30) is provided with a probe (33)
which is designed as a separable support element (35;40;45;
50;55) to be implanted in the lumen (16) of the canal of
Schlemm (15). '
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gaps’ 57 and__Zﬂ_pLev+ded bet ween the individual turns serve_res :
out f Tow oper ow openi ngs for the aqueous hunor. The suppoff @ &t ﬁmglﬁﬁn 45 50 or
55 des ‘ “ e, as tubes or spirals nadg st A i
bi oco ““‘“ enabl e, in particular, due}jto i A
flexibikity, bp- - titmal adaptation to the i@ ural s ape of. the canal of

Schl emm 15. The hol I ow cylindrical support elenments 35;40;45;50 or 55 may,
however, be coated wi th a suitabl y de-_sire i.al.ogi.cal
reactions ar¥2yentht 8V6F9a398P§§1ﬂﬁoﬁﬁbl1%&55 iiiﬁ?inéfarsﬂP§8%§%%%§éd
conpl et el y pmvamaeml vheh HdElawacyild ndetieailal suppoatva]iemr&ntenﬁdai,ﬁ@rmsmt
depi ct ed, p S I h hges (o] t o
4550 or 55 1o/ 280 LFRubNEananEagHRy pbopk Taz) BotREPihIFLRIEH appa
vari ant not d@@lé3@d ande¢en|beaesplanedpbxsabuaxtyltmavemﬁétseﬁpﬁh@ pro-

el emi‘ng 35 t 42359 FRe1at 4851 99ehE0BupRLYE (ARSI (990ko; 45550865y forom
one end 1o postlonally stable into the expanded portion (15',15") of the
canal of Schlemm (15).

— N
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To iflustrate the dinensions of the individual support ele- nments 35;40; 45;
50 or 55 and the difficult manipul ation the- reof during |nplantat|on I n

t he expanded lumen 16 of the ca- nal of Schlemm 15 (Fig.4,7), reference is
made at this point to the fact that the support elenents have, for exanple,
alength L = 2.0 nmand an external dianeté? ® = 0.2 nm The - 10 -

out fl ow openi ngs 38,38' or 41,41 placed axiall at_iln.teryvals

ci rcunferent hgl I§§ agﬁ’ordl ng to Fig.5,6 and 8 hav§ISISHEEN¢JASOREEN fli aneter d-
=0.18 mm T t el ements 35;40;45;50 and 55 amEpLdmgmever not
restricted to the dlnen- si ons indicated above | ary

enbodi ments fRL LLOGHCY kM s S L FFPEST £ Ca SHBERBY e SIUG aqueous

humor drainage in an eyé with a canal of Schlemm in which eye
the aqueous humor secreted by the ciliary body is drained
through the subsequent outflow pathways and to a device to

maintain agueous humor drainage.

By means of a medium injected in the form of a hydrophilic
liquid or a biocompatible gaseous medium or a mixture of the
hydrophilic liquid and the gaseous medium into the canal of
Schlemm. '(15) microsurgically exposed at one or more loca-
tions, the canal of Schlemm (15) is locally expanded by means
of the increased hydraulic pressure. With a support element
(35) subsequehtly implanted in the lumen (16) of the canal of
Schlemm (15), the inner walls of this canal are supported and
permanently held in an expanded'position, whereby unimpeded
drainage of the aqueous humor from the canal of Schlemm (15)
through thelsubsequent outflow pathways (20) is ensured. .

(Fig.2/4)
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Variant |: after expansion, the injectipp3apparatus 30 with the probe 33 is
W t hdrawn fromthe canal of Schlemm 15 and then the support el enent 35;40;
45;50 or 55 i's manually inser- ted into the lumen 16 of the canal of
. Schl enm 15 ‘by appro- priate neans in the form of nedical forceps or
tweezers or another surgical instrunent and positioned (Fig.4,7); Variant
—- the support el ement 35;40;45;50 or 55 is placed by neang_o ﬂﬂf-sarable
connection on the distal end of the probe 33 ofﬁiﬂ%_i?jectiuﬂ Dlgkal3is 30
and after the expansi- on of the canal of Schle 5, i ;
I mpl anta- tion by nmeans not depicted; Variant [11: thegl ey of the:
probe 33 of the injection apparatus 30 is de:&gned as a s#h9 19
el ement 35; 40;45;50 or 55; Variant IV: the o '
cylindrical support ele- nent 35;40;45;50 or 55 INg pu
.end of the probe 33 such that after the expansi%n of

G.2
. 1




Schl emm 15, the support el ement 35;40;€$ﬁ£0-0r 55 is pushed by suitable
means in a axial direction relative to .probe 33 into the lunen 16 of
the canal of Schlemm 15 and posi- tioned. Additional advantageous variants
within the framework of the invention are al so possible for inplantation of
t he support el ement 35;40;45;50 or 55 in the lumen 16 of the canal of
Schl emm 15. The invention is..not restricted to the above descri bed exem

pl ary enbodi mnents of the individual support elenents 35;40; 45;50 or 55.

O her advant ageous dgsigns of the support ele-. nents are al so possible

wi t hout going outsidg(the pasic idea of the invention. The support elenen{s
described in deta above &pd depict ed %;. T egue v 0 farteqd: 13
endopr ost heses. 18 r: (}

. comotns s s oy gy e




The tonbination of the hydraul i ¢ expansion and the opening of the
essentially closed canal of Schlenn115<iﬁ3cted schemati- cally in Flg 3

wi th the subsequent inplantation of the appro- priately designed. support

el ement 35; 40; 45;50 or 55, in par- ticular of the flexibly designed support
el enent, is conside- red particularly advant ageous. Wth the support

el enent 35 or 4 bhe L unen 2 aI of Schlenn115 S pernane tly
hel d open, whegrfgoy| t he ppo n{) 0 is, for exa ositioned
such that at st one o] n§ Iln 38 88 é . s _depi c-
ted schenatical i\n F|g 4 nd F|g i3 connec ed : ector
u aq nat urlal outhOM/pathmaé_
t 1e traﬂécular meshwork 1 eX|ts

via the canal ¢f° 15 oX VI thq
el ement 35 or_ A" .'- yi~asthe gpening

36' or { the16lpport

channels-21',22 or
20. The aqueous enetr |n 5\
hIe
41' and Sfﬁﬁector hannels

21',22' or 21} Z: --. c.-o (g0 rj_f-l_g_v'_\{_p_z_i h\{@_\( -:Q'—b—_—_
| - \_’ ; L ["0.—:'\.?. ’ f "_iﬁl’—_——_——-
( /R — _}.————r .
o\
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20.. or» 20. Reference is made to the fact that in the |unmen 16 of %Qfé k%% v
nal of Schlenmm 15 at | east one axially ori‘ented support ele- nent 35;40; 45;
50; 55 supportingly cont actl ng the inner wall 16" of the canal of Scth(LS
is inplantgd, aV=Y=¥e ol tfe- re is also the possibility that two or nore
support el (gSHE?ETeHAEq:ﬂE&Nt ed in the deformed or obstructed canal of

Schl emm 15 I—|erq;EPL1ACEB advaht ageous i f the respective inplanted sup- -
12 - port élewes oreS - a connection of 18he canal of Schlemm 15 with at

| east one coll ector channel 21,22 or 21',22' of the subsequent natural
out f| ow pat hways 20 or 20'.

METHOD AND DEVICE TO IMPROVE AQUEOUS HUMOR DRAINAGE IN AN EYE

- Abstract:

The present invention relates to a method to improve agqueous
humor drainage in an eye with a canal of Schlemm in which eye
the aqueous humor secreted by the. ciliary body is drained
through the subsequent outflow pathways and to a device to
. maintain aqueous humor drainage. o

By means of a medium injected in the form of a hydrophilic
ligquid or a biocompatible gaseous medium or a mixture of the
hydrophilic liquid and the gaseous medium into the canal of
Schlemm' (15) microsurgically exposed at one or more loca-
tions, the canal of Schlemm (15) is locally expanded by means
of the increased hydraulic pressure. With a support element
(35) subsequently implanted in the 1ﬁmen (16) of the canal of
Schlemm (15), the inner walls of this canal are supported and
permanently held in an expanded position, whereby unimpeded
drainage of the agqueous hﬁmor from the canal of Schlemm (15)
through the subsequent outflow pathways (20) is ensured.

(Fig.2/4)
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13 What We'daimls : 1. A device to inprove aqueous hunor quégkLinian \
eye whi.ch has a Schlemi s canal, wherein the Schlemi s canal has bee

exposed in at |east one place and expanded by neans of the device i&?@ﬁ{%ﬂ
by an injection apparatus, wherein the device in the region of the locally
expanded portion of the Schlemm s canal includes a support el enent

supporting the inside wall of the Schlemis canal, the device being adapted
to be introduced and orientated axially'ta fhe Schlemm s canal, the
positioning of the device being such that the aqueous hunor can pernmanently
drain fromthe Schlenmm s canal through the subsequent outflow pat hways of

desi gned as MET, ARD, BEVECRTEG: Hebr e Ao ols FREPUBnBRBENRER, £V AR T  a

end with a contact collar designed
The present invention relates to a method and to a device to
improve agqueous humour drainage in an eye, by which the
aqueous humour secreted by the ciliary body is drained in the
region of the iridocorneal angle through the trabecular
meshwork into the canal of Schlemm and from there through the
subsequent natural outflow pathways.

For treatment of changes in the trabecular meshwork in front

. of the canal of Schlemm, which changes completely or only
partially obstruct the drainage of the aqueous humour, a
~method and a device for performance of the method are known
from printed publication US-A 5,360,399 and US-A 5,486,165,
whereby a medium in the form of a highly viscous aqueous
solution, preferably based on hyaluronic acid is injected by
an injection apparatus into the canal of Schlemm through a -
probe introduced into the canal of Schlemm, so that the
trabecular meshwork is hydraulically expanded and its pores
are opened, whereby the openings thus created are coated by
the highly viscous material as a protéction against immediate
reclosure.

) * Although in the  aforementioned printed publications, the
' injection of a suitable medium into the canal of Schlemm is
described as a means for opening thereof, with the known
method there is still the wuncertainty that ultimately the
canal of Schlemm will close again as a result of various
pathological changes. The drainage of the aqueous humour
through the canal of Schlemm and through the subsequent
outflow pathways is thus significantly restricted or
completely obstructed as a result of the deformation of the

canal of Schlemm.

R

~EPLACEMENT SHEET |

(2 JUN 2000

4 €0 2€N6-
)/[é(eo



ftaring conically outward, preferably with a contact collar fornmed on it-.
3. .The device accordiing to Caim1l, wherein anal ogously to the |unen of
the canal of Schl'emm the support element is designed axially sonmewhat
arcuate or can be automatically deformed into an arcuate shape. 4. The
device according to Claim1l, wherein the support elenment is designed
conically tapering longitudinally fromthe proximl end to the other,

di stal end. 5. The device according to & aimi, wherein the tubul ar
support element is provided with multiple outflow openings
circunferentially and longitudinally distributed at intervals and

connectlng with the inside. 14
The object of the present invention is to provide a method and

device by means of which improved, pressure-regulating
circulation of the aqueous humour is achieved and its drainage
from the eye is permanently maintained or to at least provide
the public with a useful choice.

With regard to the method, the object is characterized in that
the canal of Schlemm, microsurgically exposed at one or more
locations, is expanded in a first phase by a locally increased
_ hydraulic pressure and then, in a second phase, for example,
U . is supported by appropriate means implanted in the expanded
lumen of the canal of Schlemm and thus permanently held in an

expanded position.

The. object established with regard to the device to improve
aqueous humour drainage in an eye which has a Schlemm's canal,
wherein the Schlemm's canal has been exposed in at least one
place and expanded by means of the device injected by an
injection apparatus, wherein the device in the region of the
locally expanded portion of the Schlemm's canal includes a
support element supporting the inside.wall of the Schlemm's
canal, the device being adapted to be introduced and'
orientated axially to the Schlemm's canal, the positioning of

U the device being such that the aqueous humour can permanently
drain from the Schlemm's canal through the subsequent outflow
pathways of the eye.

Additional advantages, characteristics, and particulars of the
invention are revealed in the dependent claims, the following
description, and the drawing.

Exemplary embodiments of the invention are described herein

after with reference to the drawing. In this

RERLACEMENT SHEET 1
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6. ~—The—dewvice according to Caim1l, wherein the support elenment has two

t orus-shaped end portions axially spaced and provided with outfl ow
Qpeniﬂm,immW wph at |east two, but preferably three webs are

di spos'® A’ - ﬂally at intervals. 7. The device according to Caim
1, wherein the"support elenent is designed frominterlinked threads as a

hol | ow cylindrical network provided with outfl ow openings. 8. The devi ce
according to aim7, wherein the netwdfk of the support element is

pl astically deformable and can be returned to its original shape by warm ng
up. 9. The device according to Cains 7 and 8, wherein the threads of the
net wor k atthatelg Lhadmdgrom a nickel- titaniumalloy with thermal shape

menory. 10. The device according to Clains 7 and 8, wherein the threads of

the network are manufactured froma plastic with thermal shape nmenory.
1. A device to improve aqueous humor drainage 1n an eye

which has a Schlemm's canal, wherein the Schlemm's canal has

been exposed in at least one place and expanded by means of

the device injected by an injection apparatus, wherein the

- device in the region of the locally expanded portion of the
Schlemm's canal includes a support element supporting the

inside wall of the Schlemm's canal, the device being adapted

to be introduced and orientated axially to the Schlemm's

canal, the positioning of the device being such that the

\—/ aqueous humor can permanently drain from the Schlemm's. canal

' through the subsequent outflow pathways of the eye.

2. The device according to Claim 1, wherein the support
element designed as a long tube is provided on the proximal
end opposite the distal end with a contact collar designed

~flaring conically outward, preferably with a contact collar
formed on it. ' '

3. The device according to Claim 1, wherein analogouély to
the lumen of the canal of Schlemm, the support element is
designed axially somewhat arcuate or can be automatically
deformed into an arcuate shape.

4, The device according to Claim 1, wherein the support
element is designed conically tapering longitudinally from
the proximal end to the other, distal end.

5. The device according to Claim 1, wherein the tubular
support element is provided with multiple'outflow openings
circumferentially and longitudinally distributed at intervals
and connecting with the inside.

~TPUAEMENT SHEET
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11. _The device-aecording tqo Clains 7 through 10, wherein the support
el enent is designed fromthreads wound individually or counter to each

ot her mum *\I\“hdri cal network. 12. The device according to one of
d ai msﬁﬂmu \ erein the threads of the support el enent are bound
to each*other* i a’helicoidal network. 13. The device according to C aim
7, wherein the support el enent designed as a hollow cylindrical network is
designed to expand autonatically. 18414. The device according to Claim

7, wherein the net-shaped support element is produced froma plurality of

metal wires wound tqQgether. 15. The device accordi ?1% tQq Caiml, wherein
t he supporﬁ- The device according to Claim 1, whérein the support

element has two torus-shaped end portions axially spaced and
provided with outflow openings, between which at least two,
but preferably three webs are disposed circumferentially at
intervals.

7. The device according to Claim 1, wherein the support
‘element is designed from interlinked threads as a hollow
cylindrical network provided with outflow openings.

8. The device according to Claim 7, wherein the network of -
W, the support element is plastically deformable and can be
returned to its original shape by warming up.

9. The device according to Claims 7 and 8, wherein the
threads of the network are manufactured from a nickel-
titanium alloy with thermal shape memory. .

' 10. The device according to Cléims 7 and 8, wherein the
threads of the network are manufactured from a plastic with
thermal shape memory.

11. The device according to Claims 7 through 10, wherein the
support element is designed from threads wound individually
N~ or counter to each other as a hollow cylindrical network.

12, The device according to one of Claims 7 through 10,
wherein the threads of the support element are bound to each
other in a helicoidal network.

13. The device according to Claim 7, wherein the support
element designed as a hollow cylindrical network is designed
to expand automatically. '
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element is manufactured in the formof a coil spring made froma single -
wire wound in a helix. 16. The device according to Caim1l, wherein the
hol | ow ' i I nt is made of a bioconpatible material, for

exanpl (l'mn““ ﬂ““ﬂl" | astic, of stainless steel, of a noble netal, such
as silve¥, aqgold, worsplatinum or of a biological material. 17. The device
according to Caiml, wherein the hollow cylindrical support elenent is
coated with suitable material to gener@d a desired biological reaction or
to prevent an adverse biol ogical reaction. 18. The device according to
Claim1, wherein the hollow cylindrical elenment |s flexibly desiﬂned for
aut omati ¢ hfapt BRE oREYHCR RET Dt K-kl Hhe§€ﬁpe i ReERENAPE2cti on

of the thegagpbeal el anght uils nploduted fPomTheplleratetpcodracngltwiteai m 1,
W

wherein thvevougclil goggl\_/hégglrl 9a| el enent is disposed by neans of a separable

15. The device according to Claim 1, wherein the support
element is manufactured in the form of a coil spring made
from a single wire wound in a helix.

16. The device according to Claim 1, wherein the hollow.
cylindrical element is made of a biocompatible material, for
example, of a suitable plastic, of stainless steel, of a

o/ noble metal,'such as silver, gold, or platinum, or of a
biological material.

17. The device according to Claim 1, wherein the hollow
cylindrical sﬁpport element is coated with suitable material
to generate a desired biological reaction or to prevent an
adverse biological reaction.

18. The device according to Claim 1, wherein the hollow
cylindrical element is flexibly designed for automatic
adaptation to the lumen of the canal of Schlemm in the
direction of the theoretical longitudinal axis.

\ 19. The device according to Claim 1, wherein the hollow
cylindrical element is disposed by means of a separable
connection on the injection apparatus.

20. The device according to Claim 1, wherein the injection
apparatus is provided with a probe which is designed as a
separable support element to be implanted in the lumen of the
canal of Schlemm.
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connecMon apparatus. 20. The device according to daiml,
wherein t A i M\m‘)arat us is provided with a probe which is designed
as a Seqmgg\g“mﬂ enent to be inplanted in the |unen of the canal of
Schl enrm 'Y 1 ThRe Gevice according to Claims 1 to 20, wherein the

hol I ow cylindrical support elenent is pushed onto the probe of the

I njection apparatus .and can be enpl aced by an axial novenent of the probe

relative to the support el ement or posiifionally stable into the expanded
portion of the canal of Schlemm 22. A device substantially as herein

described with gefegence to flguies 4 §008,9hs! 9ULES 26,aNh&rdin fEAUTES O
hollow cylindrical support element is pushed onto the probe
of the injection apparatus and can be emplaced by an axial
movement of the probe relative to the support element or
positionally stable into the expanded portion of the canal of

Schlemm.

'22. A device substantially as herein described with
reference to figures 4 to 6 or figures 7 and 8 or figures 9
and 10 or figure 11 or figure 12 of the accompanying
drawings. '
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and 10 or figure 11 or figure 12 of the acconpanying dramﬁngsz

2
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METHOD AND DEVICE TO IMPROVE AQUEOUS HUMOR DRAINAGE IN AN EYE

Abstract:

The present invention relates to a method to improve agueous
humor drainage in an eye with a canal of Schlemm in which eye
-the aqueous .-humor secreted by the. ciliary body is drained
through the subsequent outflow pathways and to a device to
maintain aqueoué humor drainage.

- By means of a medium injected in the form of a hydropﬁilic
liquid or a biocompatible gaseous medium or a mixture of the
hydrophilic liquid and the gaseous medium into the canal of
SChlemm' (15) mié:rosurgically exposed at one or more. loca-
tions, the canal of Schlemm (15) is locally expanded by means
of the increased hydrauiic pressure. With a support element
(35) subsequently implanted in the lumen (16) of the canal of
Schlemm (15), the inner walls of this canal are supported and
permanently held in .an expanded position, whereby unimpeded
drainage of the aqueous humor from the canal of Schlemm (15)
through the subsequent outflow pathways (20) is ensured.

——"
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