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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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Although in the aforementioned printed publications, the in-
jection of a suitable medium into the canal of Schlemm is de-
sCribed_as a means for opening 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 qf Schlemn.

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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Fig.1

'Fig.2

Fig.3

Fig.4

Fig.7

Fig.9

shows a cross section of the anterior section of the
eye depicted schematically in a vertical plane; '

shows a .portion of the eye depicted schematically
with a scleral lamella dissected and folded upward
and an exposed portion of the canal of_Schlemm;

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; | '

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;

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

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

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;

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

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



Fig.10 shows the support element according to Fig.9 depicted
in a side view along the line X-X and in cross sec-

tion;

Fig.11 shows a fourth exemplary embodiment of 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



of the elevated resistance, the pressure increases inside the
eye so that the blood supply and consequently the function of
the optic nerve is restricted. This disorder, generally 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-



ferably as a mirror image and introdiilced into the canal of
Schlemm 15. 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



throughholes 38;38' connects with thé 8Small collector chan-
nels 21',22' of the natural outflow pathways 20°'.

The pipe 36 of the support element 35 is shown spatially in
Fig.5 and in perspective and in partial cross section in
" Fig.6 and 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-



metrically opposite each other and connected with the interi-
or 40°'.

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 pléced- 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 éan, for example, be inserted



plastically deformed with a relatively small external diame-
ter into the exposed canal of Schlemm at normal human body
temperature and then, because of the normal body temperature
is returned to its original form or shape.

Fig.12 depicts, as another exemplary embodimeht; 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
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outflow openings 38,38' or 41,41' piaced axially and at in-
tervals circumferentially according to Fig.5,6 and 8 have an
inner open diameter d = 0.18 mm. The support elements
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



element 35;40;45;50 or 55 in the lumen 16 of the canal of
Schlemm 15.

The invention is not restricted to the above described exem-
plary embodiments of the individual support elements 35;40;
45;50 or 55. Other advantageous designs of the support ele-
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-
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port element ensures a connection of the canal of Schlemm 15
with at least one collector channel 21,22 or 21',22' of the
subsequent natural outflow pathways 20 or 20°'.
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Claims:

1. A method to improve agueous humor drainage in an eye, by
which the aqueous humor secreted by the ciliary body is
drained in the region of the iridocorneal angle through the
trabecular meshwork (18) in the canal of Schlemm (15) and
from there through the subsequeﬁt hatural 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'expanded 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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Schlemm (15) is held tightly against the inside wall (13") of
the incision by means disposed on the proximal end (35') the-

reof.

7. The method according.to Claims 1 and 5, characterized in

~that a support element (50) which can be plastically 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.

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.
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12. A device to perform the method according to Claim 1, in
which the canal of Schlemm (15)'exposed in at least one place
is expanded by means of a medium injected 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 autometically 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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(47,47') axially spaced and provided with outflow openings
(45',45"), between which at least two, but preferably three
webs (46,46',46") are disposed circumferentially at inter-

vals.

18. The device according to Claim 12, characterized in that
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 warmlng-

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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25. The device according to Claim 18, characterized in that .
the net-shaped support element (50) is produced from a plura-
lity of metal wires wound together.

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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32. The device according to Claims 12 and 31, characterized
in that the hollow cylindrical support element (35;40;45;
50;55) is pushed onto the probe (33) of the injection appara-
tus (30) and can be emplaced by an axial movement of the pro-
be (33) relative to the support element (35;40;45;50;55) or
postionally stable into the expanded portion (15',15") of the
canal of Schlemm (15).
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