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1. Abbreviations

IOL intraocular lens

IOP intraocular pressure

LED light emitting diode

NDYAG Neodyme-Yttrium-Aluminium-Granat

OCT optical coherence tomography

OCTAASS optical coherence tomography assistediangegment surgery
OovD ophthalmic viscosurgical device

PAS peripheral anterior synechiae

UBM ultrasound biomicroscope



2. Introduction

Glaucoma is an optic neuropathy in which the opéiove is damaged with typical loss of
nerve fibers and increasing cupping of the optscdieading to progressive, irreversible loss
of vision. It is often, but not always, associatath increased pressure of the fluid in the eye.
The nerve damage involves loss of retinal gangtells in a characteristic pattern.

There are many different sub-types of glaucomatlpyt can all be considered a type of optic
neuropathy. Raised intraocular pressure (IOPxsigificant risk factor for developing
glaucoma. Untreated glaucoma leads to permanerdagiaof the optic nerve and resultant
visual field loss, which can progress to blindness.

Glaucoma has been nicknamed the "sneak robbegldf $iecause the loss of vision normally
occurs gradually over a long period of time andfien only recognized when the disease is
quite advanced. Once lost, this damaged visual Gahnot be recovered.

Worldwide, glaucoma is the second leading caud#indness and affects aproximatelly 66
million people in the world. In some countries,.dJgited States of America were
approximately 100000 people are totally blind apdraximatelly 300000 are blind in one
eye from glaucoma, it is the leading cause of blexs. Glaucoma affects 1 in 200 people
aged fifty and younger, and 1 in 10 over the ageigtity.1-4

Glaucoma can be divided roughly into two main catesg, "open angle" and "closed angle”
glaucoma. Open-angle Glaucoma accounts for 90%aatgma cases in the United States
and Europe. It is painless and does not have atiateks. The only signs are gradually
progressive visual field loss and optic nerve clean@gncreased cup-to-disc ratio on
funduscopic exam). Closed-angle Glaucoma accoontslf0% of glaucoma cases in the
United States and Europe, but as much as halaoicgina cases in other nations (particularly
Asian countries). About 10% of patients with closegles present with acute angle closure
crises characterized by sudden ocular pain, séwlug around lights, red eye, very high
intraocular pressure (>30 mmHg), nausea and vogisndden decreased vision, and a fixed,
mid-dilated pupil. Acute angle closure is an ophti@ogic emergency.

The major risk factor for most glaucomas and fagiuseatment is increased intraocular
pressure. Intraocular pressure is a function oflpetion of liquid aqueous humor by the
ciliary processes of the eye and its drainage tilvdbe trabecular meshwork. Aqueous
humor flows from the ciliary processes into thetpoer chamber, bounded posteriorly by the

3



lens and the zonules of Zinn and anteriorly byitise The aqueous humor then flows through
the pupil of the iris into the anterior chamberybded posteriorly by the iris and anteriorly
by the cornea. From here the trabecular meshwaikslaqueous humor via Schlemm's canal
into scleral plexuses and general blood circulatioropen angle glaucoma there is reduced
flow through the trabecular meshwork and/or thel&uoim’s canal; in angle closure
glaucoma, the iris is pushed forward against thlegcular meshwork, blocking fluid from
escaping.

The inconsistent relationship of glaucomatous opgigropathy with ocular hypertension has
provoked hypotheses and studies on anatomic steyjaye development, nerve compression
trauma, optic nerve blood flow, excitatory neurogmitter, trophic factor, retinal ganglion
cell/axon degeneration, glial support cell, immmuenred aging mechanisms of neuron loss.
But lowering intraocular pressure is the only proweeans to slow or halt disease progression
in studies of those at high risk of developing gtama (Ocular Hyertension Treatment Study
OHTS)5, those with early to moderate glaucoma (Collaldeedhitial Glaucoma Treatment
Study and early Manifest Glaucoma Trial EMGSFB and those with more advanced
glaucoma (Collaborative Initial Normal-Tension Glama Studyd,10and Advanced
Glaucoma Intervention Study AGI&). Across all randomized, controlled trials, lowerin

IOP by at least 18% (mean) from baseline resuhieat least a 40% reduction in rates of
worsening of glaucoma over 5 yeafbese studies confirm that a pathophysiologicaisbas
for glaucoma is elevated intraocular pressure.

If the condition is detected early enough it isgible to arrest the development or slow the
progression by medical and surgical means.

There is some evidence that prmary surgical treattisesuperior to primary medical
treatment in pateints with open-angle glaucoh?a.

First successful antiglaucomatous surgery was pagd by german ophthalmologist
Albrecht von Graefe in 1852. This was a periphegmdctomy, which is only successful in
acute closed angle glaucoma. In the following amedied years various surgical techniques
addressed the problem of open angle glaucoma. Sarte1970s trabeculectomy described
by Sugar, Cairns and later Fronimopoulos becamsttrlard of care in open-angle
glaucoma surgeryL.3-15This widely used procedure involves a surgicabiynfed pathway

for agueous humor between the anterior chambetremnslubconjuntival space to lower
intraocular pressure in the treatment of glaucorha. main goal is the formation of a
conjunctival filtering bleb. This is a relativelyphysiological approach and scleral as well as

conjunctival scarring led to introduction of anétabolites as an adjunctive for filtering bleb-



depending glaucoma surgeries. Numerous intraoperatid postoperative complications
have been cited.6-20These include hypotony, maculopathy, blebitis/gindlolamitis,
hyphema, suprachoroidal hemorrhage or effusiortsgpsulation of the bleb with resultant
IOP elevation, loss of visual acuity, and increasskifor cataract formation. In addition,
intensive postoperative care, including bleb masskager suturolysis, release of releasable
sutures, needling, or 5-fluorouracil injections,ynhe needed to achieve primary success.
Recently several authors reported relatively hajlufe rates of trabeculectomy after long

term follow-up.

All this led surgeons to search for a more phygiaal and bleb independent surgical
approach in IOP lowering glaucoma surgery. Surdreatment of the natural aqueous
outflow system, including Schlemm’s canal, to restwrmal function and IOP control
without penetration of the intraocular space hag loeen the interest in the study of open-
angle glaucoma as an alternative to penetratindbeiddepending methodal,22

In 1964 Krasnov published his first report on sotosy. This operation consisted of
removing a lamellar band of the sclera, openingStidemm’s canal over 120 degrees from
10 to 2 o’clock. The inner wall of Schlemm’s camat untouched and then the conjunctiva
was closed. Krasnov believed that the aqueousooutiésistance in the majority of patients
with primary open-angle glaucoma was situated etafel of the scleral drainage veins and
not in the trabeculun23,24In the same year Walker published a paper abagesgpof the
Schlemm’s canal5 Other authors also reported on nonpenetratirgyifilyy surgery, leaving
in place the trabeculum and the inner wall of Stimés canal26-29Sinusotomy was
relatively safer then full-thickness surgery witmast no postoperative complications. But
this procedure never became populare, possiblyusedawas a difficult operation. It needed
a surgical microscope at a time when this was eadity available. Moreover the surgical

results were not convincing0-35

However, several techniques of nonpenetratingifiiteglaucoma surgery based on
Krasnov’s sinusotomy have been described. Nonmimetitrabeculectomy was proposed by
Zimmermann in 19886 and Arenas87 first published the term ab-externo trabeculectamy
1991. Fyodorov stressed on removing the corneatnstibehind the anterior trabeculum and
Descemt’s membrane and termed this deep sclerecB@®yegmann et al. described a

variant of nonpenetrating glaucoma surgery andedrinviscocanalostomy to emphasize the



importance of injecting high-viscosity sodium hyalate (Healon GV) into the Schlemm’s
canal and the surgically created ostia as welhtsthe sclerectomy site under the superficial

scleral flap.39

Further development of non-penetrating approaameaded the use of implants at the
surgical site in the late 1990s and early 200@<l2 These implants were either absorbable
(e.g. SK Gel, AquaFlow, HealaFlow) or non-absorbgblg. T-Flux). Most surgeons
preferred to close the scleral flap loose to indaudaconjunctival fitration in contrast to a
watertight closure in viscocanalostomy, which cdaddnamed the first bleb independent non-
penetrating glaucoma surgery. Although these naoefpating surgical procedures for
glaucoma effectively reduced IOP and lowered tloelance of postoperative complications
compared with penetrating procedures such as tndaomy, comparative clinical studies
indicated that IOP decreases more significantiy wiabeculectomy, especially when used in
conjunction with antimetabolite$3-49

Cannulation of Schlemm’s canal with a silk sutuesdescribed in 1960 for partial
trabeculotomyb0. A modified technique using a 6x0 polypropylenduse was later used for
360° trabeculotomy for treatment of congenital gtama51.

All previous non-penetrating glaucoma surgeriesevadale to reach two to three clock hours
of Schlemm’s canal while a procedure treating ttizeecanal should be theoretically more
effective. We reported on a technique using the@{@propylene suture for catheterization

of the entire Schlemm’s canal and while withdrawgrtire suture a 10x0 polypropylene suture
is installed in the canal and finally knotted untlrsion52. This is a very difficult and time
consuming technique with a relatively high riskmspassage of the 6x0 polypropylene
suture into the anterior chamber or suprachor@gdate. Recent advances in technology have
allowed surgeons to use a flexible microcathetercttess the entire length of Schlemm’s
canal more atraumatically. This technique is catladaloplasty and seems to be the logical

evolution to viscocanalostom§3,54



3. Aims of the investigation

Based on previous studies, we hypothesized thadtients with open-angle glaucoma

- deep sclerectomy with different implants may bedito prevent collaps of the

scleral lake and to lower the intraocular pressur

- a cause for failure in nonpenetrating glauconrgesy could be goniosynechia

- canaloplasty effectively lower the intraoculaegsure

- canaloplasty could be successfully performed ouththe use of an expensive

commercially available catheter

-an intraoperative visualisation of the antericarmiber angle and the Schlemm’s

canal is possible with a newly developed non-atirggstem

- viscocanalostomy and canaloplasty could be tolé¥-independent incisional

glaucoma surgeries by re-establishing the natwrtdlow

and

- to develop surgical device / instrument for siifigation and cost-cutting in

canaloplasty



In order to answer the hypotheses above, datargatients undergoing incisional

nonpenetrating glaucoma surgery were analized.

The aim of this study were:

- to perform nonpenetrating glaucoma surgery with dlifferent implants in

open-angle glaucoma and analyzing postoperatit@gmes

- to develop a new surgical technique for glaucamsieyes with increased
outflow resistance due to peripheral anterioresyiiae and analyzing postoperative

outcomes

- to perform iTrack-assisted canalolasty and amadythe postoperative intraocular

pressure lowering effect

- to develop a surgical technique and instrumeonar canaloplasty with placing
a 360° tensioning suture into the Schlemm’s canal

- to develop an intraoperative non-contact systemvisualisation of the anterior

chamber angle and the Schlemm’s canal durindagzasaty

- to directly demonstrate the way of aqueous owtfidter incisional glaucoma surgery

and to boost the concept of bleb-independensimcal glaucoma surgery



4. Methods

4.1. Principle surgical techniques

The conjunctiva may be opened either at the fooniat the limbus. A 5x5 mm rectangular or
parabolic shaped scleral flap is created including-third of the scleral thickness (about
300um, depending on the total scleral thickneskerparticular case). To be able to reach the
Descemet’s membrane later during the dissectitimeofieeper scleral flap, the superficial
scleral flap has to be prepared 1-1.5mm anteriattythe perilimbal clear cornea. The initial
incision is made with a no.11 stainless steel b{add5° slit knife for paracentisis) or a
diamond knife. The flap dissection is made witlulayrblade or a bevel-up crescent knife
(e.g. Imm ultrasharp minidisc knife, GrieshaberohlcUSA). Next deep sclerokeratectomy
is performed by making a slightly smaller secorg ilhen the superficial one, leaving a step
of sclera at the sides allowing for a tighter clesaf the superficial flap in case of an
intraoperative perforation of the trabeculo-Desdésamembrane or intendet watertight
closure for viscocanalostomy / canaloplasty. Thendeep scleral flap is dissected towards
the cornea using ruby knife or crescent stainle=ed &nife. This dissection has to be made
down to a depth very close to the choroids / gillamdy and carefully carried anteriorly
keeping the level of dissection as constant asifplesén case of opening of the
suprachoroidal space dissection is continued jiestvascleral fibers above. The change of the
direction of the scleral fibers to a limbusparabiehdle indicates the scleral spur. Just behind
this the Schlemm’s canal is opened and unroofe iIS@aken to dissect the ostia of
Schlemm’s canal clearly, because it is believetttisreduces the risk of collapse and
scarring of these surgical ostia. A paracentisidé port incision, which should be performed
latest now is used to reduce intraocular pressuverty low level. This manoeuvre reduces
the risk of perforation of the trabeculo-Descemeatembrane. The dissection was carried
forward to expose a small segment of the Descemedisbrane, creating a trabeculo-
descemetic window of about 1-1.5mm. The corneahsrcan be blunt separated from the
Descemet’s membrane e.g. with a sponge while theseof the deep scleral flap are cut
towards the cornea with the knife. In some casestihesion of Descemet’s membrane to the
stroma is more tight. In these cases a blunt spatulhe mini crescent knife could be used

with sweeping like limbusparallel motion to reledisese adhesions. This part of the surgery



is quite challenging because there is a high rigtedoration of the anterior chamber. The
deep sclerocorneal flap is then removed by cuttirthe clear corneal part with a delicate
small and very sharp scissor (e.g. Vannas or Galaisdor). At this stage of the procedure,
there should be percolation of aqueous throughdhmaining membrane evident. This can be
checked also by applicating flourescein to theisat@rea (socalled Rentsch-Seidel test). The
amount of percolation is checked while drying theggcal area with a sponge. To increase
the outflow facility the inner wall of the Schlemsnéanal is peeled partially including the
endothelium and the juxtacanalicular trabecularhwesk. A specially designed forceps or an
ordinary capsulorhexis forceps could be used. Gaoakthe inner wall of the Schlemm’s
canal is fibrosed and an initial radial cut is resaey to be able to start the peeling. During the
next step of the surgery ophthalmic viscosurgiealice (OVD) is injected in the surgical

ostia of Schlemm’s canal. To keep the intrasclgrate (scleral lake) created patent, an
implant or OVD may be used. The superficial sclfieqd is then repositioned and sutured

with 10x0 nylon or absorbable sutures. The supaffscleral flap is sutured as watertight as
possible for forcing internal filtration into thelemm’s canal and then into the collector

channels.

Fig.1 superficial scleral flap, note no diathernfigpiscleral vessels is performed
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Fig. 4 preparation of the deeper scleral flap usimgini crescent knife, note the smaller size efdeeper scleral
flap
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Fig. 5 opening of the Schlemm’s canal, note thewdlifference in the scleral bed indicating trghtidepth of
preparation

Fig. 6 enlarging the descemetic window for optiegbosition of the trabeculo-Descemetic membrant thee

percolation of aqueous humor without perforationtleé membrane, iris is visible through the intaetmbrane

Fig .7 deep sclerectomy - dissection of the despleral flap with Vannas scissors
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Fig. 8 viscocanalostomy with injection of OVD irtfte ostia of Schlemm’s canal with a special canula

Fig. 9 watertight closure of the superficial scldlap with 5-7 interrupted sutures (10x0 absorleatiture)

4.2.Deep sclerectomy with implants

To avoid secondary collapse of the scleral laketdwalhesion of the superficial scleral flap
or contact of descemetic window, a space-maintamplant is placed in the surgically
created scleral bed. In deep sclerectomy we haa@ axer the past decade SK-Gel (Corneal,
France) and T-Flux (Carl Zeiss Surgical GmbH, Gerynédomer produced by loltech,

France).

SK-Gel, has been used in deep sclerectomy to nmeih&ascleral lake is a reticulated
hyaluronic acid implant of 500um thickness. It veasilable in two sizes 3.5 x 3mm and 4.5
x 3mm. While the first one was designed for watgtticlosure the second was patrtially left
outside the superficial scleral flap to increaseghbconjunctival filtration. To provide
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watertight closure we have used the smaller mdigl.10 The material is biocompatible and
absorbable over a long period of several monthsasionally years. The advantage of this
implant is that it occupies a large volume in titteattion area without swelling while

allowing for a sufficient circulation of the aquenkiumor and does not require suture

fixation.

Fig. 11 T-Flux positioned in scleral bed, note batins are implanted in the surgical ostia of Schiéscanal

A hydrophilic acrylic implant (T-Flux implant, IOLech Laboratories, France, now Carl
Zeiss Surgical GmbH, Germany) which is non-absdehdias been used to maintain the
scleral lake and to prevent collapse of the sutgista of Schlemm’s canal. It is a T-shaped
implant with a 4mm arm length, 2.75mm body heighid 0.1 - 0.3mm thickness. Each arm is
inserted into the surgical ostia of Schlemm’s candl the design is supposed to facilitate
drainage into the Schlemm’s canal. Fig. 11 Thdantpvas either secured with a 10x0 nylon
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suture in the foot’s hole or the shape of the detgrectomy is adapted to the implant design
to stabilize it in the scleral bed. A second haoléhie anterior part of the T-Flux implant is
designed to facilitate a goniopuncture (NdYAG ladescemetotomy) to the descemetic

window to increase outflow postoperatively.

Initially an interindividual retrospective analysi&s carried out to compare the outcome of
both implants. For this retrospective study a degtidpproval of an IRB/Ethics Committee
was not required. The study was in compliance WiehDeclaration of Helsinki. All patients
had open-angle glaucoma and were treated with sldepectomy as intraocular pressure
lowering approach. Indications for surgery wereiffisient medical control of intraocular
pressure, drug intolerance and compliance probl@a$ents with failed previous glaucoma
surgery were not excluded. If indicated, cataraogary with implantation of an intraocular
lens was performed simultaneously. Written informedsent was obtained from all patients
for deep sclerectomy and, if planned, for phacosificétion in one session.

For the study we analyzed four groups. First grimgfuded 13 patients with deep
sclerectomy and implantation of SK-Gel. Second griogluded 5 patients with combined
phacoemulsification, intraocular lens implantatesrd deep sclerectomy with SK-Gel. In the
third group in 31 patinets deep sclerectomy witplantation of T-Flux was performed. And
finally the fourth group phacoemulsification, indalar lens implantation and deep
sclerectomy with T-Flux was performed in 23 patsent

All patients were at least controlled on the preapee day, postoperative day and 12 months
postoperatively. Some patients had additional v&it6 weeks and at 6 months postoperative.
If the intraocular pressure at any postoperatigéesivas higher then the individual target
pressure and medical treatment and/or NdYAG lageioguncture were ineffective a second
antiglaucomatous surgery was performed. Thesenstigere consiered as a drop-out and not
included in the study.

Following parameters were recorded: intraoculasguwee with Goldmann tonometry at each
visit, amount of anitglaucomaous drugs, numberostg@perative interventions, preoperative
best corrected visual acuity, standard automatdd sthite-on-white 30-2 visual field test
with Humphrey-perimeter, cup-disc-ratio with Helolelg Retina Tomograph.

The SSPS10.0 was used to compare the pre- anppostive IOP measurements. As a post-
hoc test the Turkey-HSD-test was used for unpaegdples. A p-value of less than 0.05 was

considered statistically significant.
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A second study with intraindividual comparison ottbimplants in combined
phacoemulsification and nonpenetrating glaucomgesyrwas performed.

For this retrospective study a decided approvalnolfRB/Ethics Committee was not required.
The study was in compliance with the Declaratioiefsinki. From January 2000 to
December 2006, 321 eyes of 189 patients were ttedth deep sclerectomy and
simultaneous phacoemulsification in the Augenzentfeye centre) Recklinghausen,
Germany. Out of this number, a total of 17 patievith 34 eyes were identified who had
received the absorbable device SK-GEL 3.5 (Corbahoratories, Paris, France) in one eye
and the nonabsorbable T-Flux device (IOLTECH Latwres, La Rochelle, France) in the
contralateral eye. The first of these 17 patieats tis first eye operated in April 2002, the
last patient his second eye in April 2006, so fwstoperative IOP was followed for a
maximum of 4 years and a minimum of 6 months. Asaegrthat both SK-GEL and T-Flux
should decrease IOP to the same extent and tHahlbet the same safety profile, the
surgeon had no preference for any of the deviceg implanted. Indication for surgery was
medically uncontrolled primary open-angle glaucatefined by an intraocular pressure
(IOP) higher than 21 mm Hg under maximal therapygrogression of visual field defects in
standard automated perimetry or progression obpiie nerve excavation with or without
elevated IOP, intolerance to antiglaucomatous dropspatient compliance, as well as a
clinically relevant senile cataract. Additionalteria to include a patient in the analysis were
bilateral combined surgery with a postoperativéofatup of at least 6 months and no
previously performed glaucoma surgery. In casex@lls microscopic perforations of the
trabeculo-Descemet’'s membrane during surgery,ybevas nevertheless included, as long
as the intervention was completed as a deep stdengcWritten informed consent was
obtained from all patients for both phacoemulstfmaand deep sclerectomy in one session.
Prior to consenting all patients were informed #haevice would be implanted, that several
kinds of implants exist, and that the type chosgmedded on the surgeon’s decision. Before
surgery, all patients underwent the following exaations: best corrected visual acuity, full
slit-lamp examination, fundus examination, goniggcdOP with Goldmann applanation
tonometer and standard automated static white-ate\80° perimetry (Octopus 101, Peridata
software, program G2, Haag-Streit, Switzerland).cAmbined operations were performed by
one surgeon (G.S.). Normally both operations wareexd out within 3 months, only in one
patient the interval was longer than one year dugeheral health problems. Deep

sclerectomy was made in the superior quadrantréiXdoased conjunctival flap was created
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and the sclera exposed. A one-third scleral this&ienbus-based scleral flap of
approximately 5 x 4 mm in size was marked usingaslit knife. The flap was dissected up
to 1 mm into perilimbal clear cornea using a bayekrescent knife (1-mm ultrasharp knife,
Grieshaber, Alcon). This was followed by nasal texdporal paracenteses and a clear corneal
phacoemulsification in the same site through an#8incision under the superficial scleral
flap. A foldable acrylic intraocular lens was pldaa the capsular bag. After IOL placement,
glaucoma surgery was continued: A triangular smébg of deep sclera was dissected,
leaving only a thin layer of scleral fibers ovee tthoroid. The base of the flap was extended
up to 1 mm into clear cornea and down to the Destermembrane, unroofing Schlemm’s
canal. The deep flap was excised with scissorefaéy avoiding tears in the Descemet. The
inner wall of the Schlemm canal and the juxtacauoddr trabecular meshwork was peeled off
with Utrata forceps. After establishing that aquebumour percolates through the trabecular-
Descemet’s membrane, either the SK-GEL or the k-Fhplant was placed into the scleral
bed without a suture. Both arms of the T-Flux dewi@re carefully inserted into the openings
of Schlemm’s canal. Both the superficial sclerapfand the conjunctiva were repositioned
and tightly closed with 4-5 single absorbable seg(flOx0 Biosorb, Alcon). Postoperatively,
all patients received topical corticosteroids (pisdlone acetate 1%) for at least 6 weeks.
Postoperative visits were performed at one dayweek, one month, 3 months, 6 months,
and depending on the date of surgery, for up teatsyat least once a year. During these visits
the following data were collected: IOP, best cardasisual acuity, existence of a filtration
bleb, complications, and need for additional aatigbma therapy. Standard automated
perimetry was carried out every 6 months. Followags partly done by referring
ophthalmologists outside the eye centre. At theddrte individual observation period,
glaucoma surgery was considered a complete suadessIOP was 21 mm Hg or less
without antiglaucoma medication and a qualifiedcess when IOP was 21 mm Hg or less
with or without antiglaucoma treatment. The op@rmatvas considered a failure when IOP
was higher than 21 mmHg, or when further glaucoungesy was needed or when
deterioration of the visual function was detectddwever, small interventions like needle
revision or laser goniopunctures would not havenhjedged as failures.

Unpaired sample two-tailed Student’s t-test wasliueseeompare the pre- and postoperative
IOP measurements. A p-value of less than 0.05 wasidered statistically significant.
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4.3. Nonpenetrating glaucoma surgery with goniosymiolysis ab-interno

The presence of peripheral anterior synechiae (&¥Ag®dniosynechiae) usually prevents
sufficient aqueous humor outflow, possibly leadiogurgical failure. To prevent the need to
convert to penetrating glaucoma surgery a releagesogoniosynechiae is necessary.

We therefore developed a surgical technique factigke treatment of peripheral anterior
synechiae during nonpenetrating glaucoma surgdtgr fecognizing the reduced outflow
and the appearance of peripheral anterior synethéaanterior chamber is filled by air
through a paracentesis, followed by introductio éhe iris spatula to the anterior chamber
towards the surgery area. This is done under fsillat control through the previously
prepared Descemet’s window. Air injection is usébulstabilization of the anterior chamber.
Then, the peripheral goniosynechiae are gentlyasel@é by swinging the spatula under direct
visibility. Air movement towards the irido-corneahgle, which now opens, provides
successful gonisynechiolysis ab interno. In ouregigmce this maneuver is usually followed
by clear improvement of aqueous humor outflow tigiothe trabecular meshwork.

The surgery may be completed either by injectioarobcular viscosurgical device (OVD)

and/or through the introduction of an implant itite sclerectomy site.

Fig. 12 illustration of the operative field in pegse (a) and after treatment of peripheral antsgoechiae (b)
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goniosyn intraop spatula

Fig. 13 Goniosynechiolysis ab interno using a dpatiroduced through a paracentesis. Full visoatmol is

given through the peripheral Descemet’s window

Fig. 14 Note the air bubble advancing into the arajter releasing the peripheral goniosynechia

We retrospectively reviewed medical records ofgydt who had been subject to
nonpenetrating glaucoma surgery at our departmetmatden January 2000 and December
2006. 20 eyes of 16 patients (8 female, 8 malennaga 70.0 y, range, 59 — 82) were
identified who had been scheduled for a combinedesy with non-penetrating glaucoma
surgery, namely deep sclerectomy with goniosynég$imab interno, introduction of an
adjuvant implant (SK-Gel, T-Flux or Healon GV), gbamulsification and posterior chamber
intraocular lens (IOL) implantation. In all casie indication for the surgery was primary
open angle glaucoma with peripheral anterior sylae@AS, goniosynechia) at the superior
part of the irido-corneal angle and cataract. Inenof the eyes the target pressure could be
achieved by conservative medical therapy becausesofficient efficacy or drug intolerance.
The cataract was clinically relevant in all eyed aargical removal was considered useful. A
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minimum follow-up of 12 months was necessary tdifugor inclusion to this study.
Following data were collected and analyzed: agedege pre- and postoperative intraocular
pressure (IOP), pre- and postoperative glaucomacauszh, type of glaucoma implant and
complications during and after the surgery.

All data was collected and stored by the same perssing Microsoft Excel. The statistical
analysis was performed with the program Bias fon&giws (version 8.6.0, Frankfurt,
Germany). Beside descriptive statistical analystsgaired T-test was applied for comparison

of preoperative IOP vs. 12 months after the surgeng significance level was set at 0.05.
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4.4. iTrack assisted canaloplasty

Recently a new procedure called canaloplasty wiasdaced 53 This procedure is intended
to overcome some of the problems of the previoosgatures with deep sclerectomy. The
idea of implanting a fine tensioning suture inte 8chlemm’s canal to enlarge the entire 360°
of Schlemm’s canal should theoretically widen titertrabecular spaces, preventing collaps
of the canal, the surgical ostia and the descematidow and herniation of the inner wall
into the ostia of collector channels.

From March 2008 a microcatheter (iTrack, iScietid®8A) for a canaloplasty became
commercially available. This device has a 200pmmeizr shaft with an atraumatic distal tip
approximately 250um in diameter. The device incoafgan optical fiber to provide an
illuminated beacon tip to assist in surgical guiarThe illuminated tip was seen
transsclerally during catheterization of Schlemoasal to identify the location of the distal
tip of the microcatheter. The microcatheter hasnaein of about 70pum with a proximal Luer
lock connector through which an OVD (i.e. Healon)®Y dye (i.e. trypan blue, indocyanin
green, fluorescein) could be delivered. A tyingceps was used to manipulate the
microcatheter and place the tip into the surgicalBated ostia of Schlemm’s canal. The
microcatheter is advanced 12 clock hours withinctligal while the surgeon observes the
location of the beacon tip through the sclera. Atite catheterization of the entire canal
length with the microcatheter and with the disialeixposed at the surgical site, a 10x0
polypropylene suture is tied to the distal tip #mel microcatheter withdrawn, pulling the
suture into the canal. The suture is cut from tiheranatheter and then tied in a loop,
encircling the inner wall of the canal using a &t or a looked four throw knot. To reduce
risk of rupture of descemetic membrane and toifatél a more effective tensioning of the
10x0 polypropylene suture the IOP was previousiyered through a paracentesis. The
superficial scleral flap is repositioned and tigltlosed with five to seven single absorbable
sutures (e.g. 10x0 Biosorb, Alcon, USA). Now OVDyently injected under the scleral flap
to reduce the risk of bleeding into the sclerectaitgy and to prevent scarring in this area.
Anterior chamber is refilled with balanced saltgmn to normal or slightly elevated IOP and
conjunctiva is repositioned and fixed with two tuf single absorbable sutures.

If additional injection of OVD into the entire cdna necessary is unclear while we could
prove with catheterless canaloplatsy, that theguore did work without the use of iTrack

catheter and circumferential injection of OVD.
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Fig. 15 iTrack microcatheter before insertion itiie Schlemm’s canal

Fig. 16 red spot indicating the position of theadk microcatheter at 5 o”clock position in the $aith’s canal

Fig. 17 intraoperative gonioscopic few with illurtated tip of the iTrack microcatheter (red dotjhin
Schlemm’s canal, note the heavily pigmented trdaecoeshwork in this eye
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Fig. 18 after complete 360° cannulation of the sgith’s canal

Fig. 20 after withdrawning of the microcatheter flture is cut off and knotted under tension td i inner
wall of Schlemm’s canal and the descemetic windowatds the anterior chamber to prevent failurénef t
surgery due to collaps of these structures
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To evaluate the effect of this procedure pre- avgtqperative intraocular pressure and
antiglaucomatous medical therapy in 73 consecuetyes with open-angle glaucoma
(including primary open-angle glaucoma, pseudo@tion syndrome and pigment
dispersion) were analyzed with a minimum followafd2 months. Eyes with previous
glaucoma surgery or combined other procedures plikkeoemulsification with implantation
of an intraocular lens, were excluded from thiglgtOnly eyes with completed 360°
cannulation of the Schlemm’s canal and placeddems) suture were included. Even if the
cannulation was completed eyes with obviuous impaative defect of the Descemet’s
membrane with iris prolaps (macro perforation) wexeluded.

For this retrospective study a decided approvalnolRB/Ethics Committee was not required.
The study was in compliance with the Declaratioiefsinki. Indications for surgery were
insufficient medical control of intraocular pressudrug intolerance and compliance
problems. Written informed consent was obtainecthfedl patients for deep sclerectomy and
canaloplasty.
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4.5. Catheterless canaloplasty

If an iTrack assisted canaloplasty would reduceritraocular pressure by using a
commercially available, but very expensive catheseit possible to bypass the entire
Schlemm’s canal with a self made catheter? Wousdbih also an effective pressure lowering

procedure?

The cannulation of the Schlemm’s canal was destabeearly as 1960 by Smith and later

mainly used for various techniques of trabeculotomy

We have used a 6x0 polypropylane suture with satdlerblunt tip for the procedure. After
deep sclerectomy as previously described, the os8ahlemm’s canal are enlarged by
injecting viscosurgical device (OVD) and the 6x0ypoopylene suture is introduced into the
Schlemm’s canal. The suture is careful advancedot® hours within the canal while the
surgeon observes the resistance, possible iris meves etc. to anticipate possible
misdirection. In case of increased resistance dogaion of the tip the polypropylene suture
is introduced in the opposite direction. After tatheterization of the entire canal length with
the polypropylene suture and with the distal tip@sed at the surgical site, a 10x0
polypropylene suture is tied to the distal tip #mel 6x0 polypropylene suture withdrawn,
pulling the 10x0 polypropylene suture into the damhe 10x0 suture is cut from the 6x0
polypropylene suture and then tied in a loop, @hiag the inner wall of the canal using a slip
knot or a locked four throw knot. To reduce thé& 0§ rupture of descemetic membrane and
to facilitate a more effective tensioning of thex@@olypropylene suture the IOP was
previously lowered through a paracentesis.

Fig. 21 after successful 360° cannulation of erichlemm’s canal with 6x0 polypropylane suture
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Fig. 22 intraoperative gonioscopic view with 6x0ygpoopylane suture after 360° cannulation of théren

Schlemm’s canal

In the previously described manner then the supalfcleral flap is repositioned and tightly
closed with five to seven single absorbable sut(egs 10x0 Biosorb, Alcon, USA). Now
OVD is gently injected under the scleral flap tduee the risk of bleeding into the
sclerectomy site and to prevent scarring in théaaif he anterior chamber is refilled with
balanced salt solution to normal or slightly eledBlOP and conjunctiva is repositioned and

fixed with at least four single absorbable sutures.
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4.6. Intraoperative optical coherence tomography

Intraoperative visualization with ultrasound biorogcopy is an option, but to use this
technique under sterile conditions is quite diffi@and needs at least the surgeon’s one hand
and the divece placed on the eye is relativelyelafdnis makes simultaneous ophthalmic
surgery impossible.

Recently an anterior segment optical coherence goapd was introduced (Visante, Carl
Zeiss Meditech, Germany). To evaluate the use aftamoperative online anterior segment
optical coherence tomography (OCT) imaging systenmfodern glaucoma surgery we used
a specially designed microscope mounted antergmeat optical coherence tomography
device (modified Visante, Carl Zeiss Meditech, Gany). This device uses 1300um
wavelength and should be therefore suitable fogreortsegment visualization including
superficial intrascleral structures like Schlemmésal.

Initial tests with a Visante OCT were performegatients after deep sclerectomy to
visualize the scleral lake and intrascleral imma®chlemm’s canal could not be shown in
this setting.

Then the modified microscope mounted technology weasl for different ophthalmic
surgeries but especially for glaucoma surgery $oalize the anterior chamber angle and, if

possible, the canal of Schlemm.

Fig. 23 intraoperative setting with the OCTAASSteys during a canaloplasty procedure, simultaneously
recording surgical video and video of optical camee tomography, note surgeons hands are freénfanibal

manipulations
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4.7. Flow test after incisional glaucoma surgery

There is still controversy about the mechanismaouiemus humor outflow / resorption in
intraocular pressure lowering glaucoma surgery. Windies have been conducted to prove
postoperative outflow pathway after glaucoma swyrgsing high resolution ultrasound or
optical coherence tomography. But all these tealesgcould only interpret indirect
postoperative findings like bleb formation, supmadidal space formation etc. The flow of
aqueous humor could not be proven in this way. Neéesfore looked for a way to visualize
the aqueous humor. Different dyes are used in @riib surgery but only trypan blue is

approved for intarcameral use during cataract syrge

Trypan blue is a vital stain used to selectivelppuodead tissues or cells blue. It is a diazo
dye. Live cells or tissues with intact cell memlasiare not coloured. Since cells are very
selective in the compounds that pass through thmbrene, in a viable cell trypan blue is not
absorbed; however, it traverses the membrane @ad dell. Trypan blue is derived from
toluidine, that is, any of several isomeric basgt 16N>, derived from toluene. Trypan blue
is so-called because it can kill trypanosomesptrasites that cause sleeping sickness.
Trypan blue is also known as tryptane blue, diarbine and Niagara blue.

We have used trypan blue filling of the anterioamier prior to intended cataract surgery in
eyes after incisional glaucoma surgery. After angph side port incision the anterior
chamber was filled with trypan blue and then theaimcular pressure was increased by
pressing on the eye. Then for about 60 secondsmiegior segment was observed to check
for appearance of the dye. All cases were recoatieldafterwards analyzed. After creating a
clear corneal tunnel the dye was evacuated whiilegfithe anterior chamber with ophthalmic
viscosurgical device. Standard phacoemulsificagiot implantation of an intraocular lens
was performed. Between December 2008 and Deceribért@/elve eyes with previous

incisional glaucoma surgery have been tested gwtaly.
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4.8. Development of new surgical device / instruméfor canaloplasty procedure

After intensive experience with different nonpeagirg glaucoma surgery procedures and

canaloplasty some changes in the used instrumedtdevices became obvious to the author.

First after comparision of the results of cathet&slcanalolasty and iTrack assisted
canaloplasty with circumferential injection of O\fi® difference in results in regards to
intraocular pressure lowering effect of the progeduas noted. But injection of OVD into
the small lumen of the Schlemm’s canal could palytause rupture of the wall of
Schlemm’s canal leading to detachment of Descemetisbrane.

On the other hand the illuminated tip of the iTraekheter is an important improvement to

the procedure and increases the safety of the &tfulation of the Schlemm’s canal.

Finally the high costs of the commercially avai@blrack catheter prevents the widespread
use. Also the necessity of an external additioigak Isource (iLumin) connected to the

unsterile distal end of the iTrack catheter wasitba drawback of the procedure.

A well-known international company (DORC Internatid he Netherlands), experienced in
the development of ophthalmic microsurgical deviaed instruments, was contacted and
asked to develop a new simplified catheter for ptasty and for improved instrumentation.
Co-work was started in spring 2009 with first deyghent of a lumenfree catheter with
reduced diameter connected to a standard lightedar vitreoretinal surgery. Since this type
of light source was found to be not available iroghthalmic surgery centers performing
glaucoma surgery, as a next step a device withtagrated sterile light source was

developed.

For iTrack assisted canaloplasty most surgeons ss&ndard tying forceps for manipulation
of the catheter. This may be ineffective and difitiespecially during complicated
manipulation during the catheterization. The gnagurface and instability of the forceps
during manipulation of the relatively thick catheteas found to be insufficient. The company
was asked to produce a prototype of a special degitprceps and this was tested and

improved.
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5. Results

5.1. SK-Gel versus T-Flux in nonpenetrating glaucom surgery

5.1.1. Interindividual comparision of SK-Gel versusT-Flux in nonpepetrating glaucoma
surgery

Out of the 72 patients included in this study 6Gldde followed after 12 months. In the only
SK-Gel group 10 patients and in the phaco+SK-Galigrs patients could be controlled after
12 months. In the only T-Flux group 28 patientsririmitially 31 and in the phaco+T-Flux
group 22 patients from initially 23 could be cotiigd at the 12 months visit. All patients not
included at 12 months were excluded because afanddancisional glaucoma surgery during
the follow-up period.

The mean preoperative intraocular pressure wagi&mhmHg and after 12 months

13.1+£3.8mmHg. At no point a significant differerfeetween the subgroups was recognized.

|COD inmm Hg

prae-0OP post-0OP 6 6 Monate 12
Wochen  nach OP Monate
nach OP nach OP

B SK-Gel O T-Flux+Phako B T-Flux

O SK-Gel + Phako B Gesamt

Fig.24 intraocular pressure preoperative, dayter & weeks, 6 months and at final visit 12 months

postoperative in all subgroups and overall
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Medical antiglaucomatous therapy was significaduiced from preoperative 2.3+1.3 (n=72)

to postoperative 0.2+0.6 (n=65) after 12 months.

Medikamentenzahl|

Fig. 25 medical antiglaucomatous therapy preoperatiay 1, after 6 weeks, 6 months and at final ¥

T | T T
CTETT
prae-0OP post-OP 6 Wochen 6 Monate 12 Monate
nach OP nach OP nach OP
W 5K - Gel B T- Flux B Gesamt

M SK- Gel+Phako

O T-Flux+Phako

months postoperative in all subgroups and overall

SK-Gel

SK-Gel+Phako

T-Flux

T-Flux+Phako

Gesamt

Pra OP

2,8+0,9
(n=13)
1,4+0,9
(n=5)
2,5+1,2
(n=31)
1,9+1,4
(n=23)
2,3+1,3
(n=72)

Post OP 6 Wochen
post OP
0,0+0,32 0,3+0,62
(n=13) (n=11)
0,8+1,1 0,5+1,0
(n=5) (n=4)
0,0+0,32 0,4+0,82
(n=31) (n=22)
0,0+0,3% 0,1+0,3°
(n=23) (n=19)
0,1+0,4% 0,3+0,7°
(n=72) (n=56)

6 Monate
post OP
0,5+0,52
(n=6)
1,3%£1,1
(n=3)
0,4+0,8?2
(n=14)
0,0+0,0%
(n=12)
0,4+0,72
(n=35)

12 Monate
post OP
0,3+0,72
(n=10)
0,4+0,9
(n=5)
0,2+0,62
(n=28)
0,0+0,42
(n=22)
0,2+0,62
(n=65)

Fig.26 mean medical antiglaucomatous therapy pratige, day 1, after 6 weeks, 6 months and at fitsat 12

months postoperative in all subgroups and overall

a = significant reduction
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Complications were minor and included one eye wiadhtoperative positive Seidel test (SK-
Gel group) and one eye with cataract formation ireggsurgery at 6 months after the deep
sclerectomy with T-Flux. Transient ocular hypotensivith intraocular pressure below
7mmHg were found in 28 eyes (39%). In only one @&yevison with resuturing of the scleral

flap was necessary.

Direkt post OP 6 Wochen 6 Monate 12 Monate
post OP post OP post OP

Gesamt n=7> n=71 n=67 n=65
— Druck senkende OP 1 4 2 4
— Goniopuncture 0 6 3 14
SK-Gel n=13 n=13 n=11 n=10
— Druck senkende OP 0 7 1 1
— Goniopuncture 0 1 0 2
SK-Gel+Phako =5 n=>5 =5 n=5
— Druck senkende OP 0 0 0 0
— Goniopuncture 0 0 0 i
T-Flux n=31 =31 n=29 n=28
— Druck senkende OP 0 2 1 2
— Goniopuncture 0 5 2 6
T-Flux+Phako n=23 n=22 n=22 n=22
— Druck senkende OP 1 0 0 1
— Goniopuncture 0 0 1 4

Fig.27 descriptive statistics of number of postafige interventions, including ND-YAG goniopunctuaed

second antiglaucomatous surgery
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5.1.2. Intraindividual comparision of SK-Gel versusT-Flux in nonpenetrating glaucoma

surgery

Of the 17 patients eligible for case analysis uiderabove mentioned criteria, 3 were male
and 14 female with a mean age of 77.1 +6.8 yeassafidard deviation). The overall mean
follow-up period was 26.5 +16.4 months in the SKG¥baup and 27.2 +16.0 months in the
T-Flux group, with a range from 6 to 48 months athbgroups. The mean preoperative IOP
was 20.6 +7.3 in the SKGEL group and 19.9 +7.2 ngrirtthe T-Flux group and hence
considered comparable (p >0.05).

In both groups the surgical intervention led tdiaically relevant result: In the SKGEL
group the mean preoperative IOP decreased to a fimehtOP of 14.8 +5.3 mm Hg (-5.8
mm Hg or -28.1%), and in the T-Flux group to 1437/3tmm Hg (-5.2 mm Hg or -26.1%).
The difference between both groups is statistiaatiysignificant (p >0.05). IOP results over
the full observation period in both groups are ldiged in Figure 28.

_ SKGEL T-Flux
Time
n 1OP £ SD (mm Hg) n  10P = SD (mm Hg)

Preop. 17 206+7.3 17 199+7.2
D1 16 12.8+8.3 17 9.2+6.2
M1 17 13.9+4.2 17 12.8+4.3
M3 17 124+44 17 12.7+3.1
M 6 17 12.4+3.3 17 12.2+29
M 12 14 146+5.0 14 144+33
M 24 10 144 +57 11 156238
M 36 8 14.8+5.0 8 149+38
M 48 4 12.3+338 4 12829

Fig. 28 preoperative and postoperative intraoquiassure in SK-Gel group versus T-Flux group
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Four eyes in each group were followed up for ufpto years, three eyes in both groups for at
least 6 months. After implantation of T-Flux or SEGthe curves of IOP measurements in

both groups were similar in the long-term (Fig..29)

IOP over time

30

25

20

15

10

IOP (mm Hg)

5 -;T-Flux IEI{GEL-—

0 - - - : i i
Preop. D1 M1 M3 M6 MI12 M24  M36 M4B
(17117) (17116) (17117) (17117) (17M17) (1414) (11/10) (8/8) (4/4)

Fig. 29 intraocular pressure over postoperativeodeafter deep sclerectomy with SK-Gel versus TxFlu

The mean number of antiglaucoma medications beforgery was 2.0 +0.8 substances in
both groups, with a minimum of one substance am@&&mum of 4 substances. With both
implants the need for antiglaucoma treatment deeckafter surgery to 0.3 +0.7 medications
at the final visit. In other terms, only 3 eyes gevup required a permanent treatment after
surgery, with a maximum of 2 substances. 2 eyasjrorach group, needed a transitory
therapy with betablocker drops for a short time] aa further therapy was necessary in these
eyes afterwards.

At the end of the observation period a qualifiedcass (IOP < 21 mm Hg with or without
treatment) was found in all 17 eyes with the T-Fdigxvice (100%), and in 16 eyes with a
SKGEL implant (94.1%). Complete success (IOP < 21 IHg without treatment) was
achieved in 14 T-Flux eyes (82.4%) and in 13 SK@kés (76.5%). One eye in the SKGEL
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group has to be considered a failure, as cyclolaggulation was inevitable 6 months
postoperatively due to a strong increase in IORwhias refractory to any medical therapy.
Complications during glaucoma surgery were: micrfguation of the trabeculo-Descemet’s
membrane in 2 eyes in the T-Flux and in one eyha@rSKGEL group. However, in all cases
the deep sclerectomy with implantation of a deioeld be completed as planned. Apart
from the usual non-serious intraocular inflammatgigns, in the early postoperative phase a
massive hyphema was observed in one eye with aiX iFlplant, possibly due to a
hypertensive crisis the patient suffered. The blegdtopped spontaneously and was
managed by anterior chamber irrigation. In the ogneup one eye with SKGEL had
longstanding corneal erosion with corneal edemahvhight have been caused by the
cataract operation. However, cataract surgery was th all 34 eyes without any
intraoperative complication. In all patients a fabte acrylic posterior chamber IOL was
implanted. In the observation period no other sewemplications related to the 10OL
occurred. There was no indication that visual gowas worse in the eyes of these patients
than in those who had a simple phacoemulsificatithout a combined deep sclerectomy in
our centre. In some eyes an opacified posteriosudapvas treated uneventfully by Nd: YAG
laser capsulotomy. Visual field results did nota@wclinically relevant deteriorations apart
from some fluctuation of scotomas, i.e. no incraaseotomas were detected in follow-up
visual field tests. In one eye which was implantgith an SKGEL device and that had well-
controlled IOP without antiglaucomatous therapgharp increase in IOP was noted after
approximately 6 months. The rise in IOP was dueetovascular glaucoma secondary to a
central vein occlusion. Despite full medical treant) the IOP remained uncontrolled with
values over 30 mm Hg, and a decision was maderforpea cyclokryocoagulation, after
which the IOP remained at low values throughoutftlewing 4 years of observation
without any treatment. This was the only case wkargical intervention was necessary after
glaucoma surgery. No laser goniopuncture, no negadii other procedures, e.g.
antimetabolite injections, were required. Most eyag no filtering bleb, and only a few had a

flat or diffuse filtering bleb.
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5.2. Deep sclerectomy with goniosynechioysis ab énho

All surgeries were performed by the same experigigtaucoma surgeon. With the presented
surgical technique, a selective treatment of pefighanterior synechiae was possible during
nonpenetrating glaucoma surgery by direct visuatrobthrough a trabeculo-Descemet’s
window in 19 of 20 eyes (95%). In one case theexyrwas converted to phaco-
trabeculectomy with iridectomy because of intraapiee rupture of the Descemet’s window.
All other cases were operated on uneventfully. V@disecondary collapse of the superficial
flap, SK-Gelwas implanted in 10 eyes (50%), T-Finx6 eyes (30%) and Healon GV (AMO,
Ettlingen, Germany) in 3 further eyes (15%). Furtilaucoma surgery was not necessary in
any case during the follow-up period.

The mean preoperative IOP was 20.3 +5.2 mmHg (me2barange 12 — 30) on 2.4 +1.0
medication (median 2, range 0 — 5). The coursatadocular pressure was as follows day 1:
mean 11.7 £6.1 mmHg (median 11, range 2 — 21); Weekean 13.2 +6.7 mmHg (median
13.5, range 2 — 24); month 1: mean 12.7 £3.5 mmiigd{an 12, range 6 — 21); month 3:
mean 14.2 +4.2 mmHg (median 14, range 6 — 21).y@ae postoperatively the mean IOP
was 15.3 £3.3 mmHg (median 16, range 10 — 20) 60.0 medication (compared to
preoperative IOP: p=0.004).

A postoperative IOP af21mmHg was achieved in 17/19 eyes (89.5%) 3 moatitjn

12/19 eyes (63.2%) 12 months postoperatively witlhoedication. In the remaining 10.5%
(month 3) and 36.8% (month 12) an addition of am&e0.3 and 0.6 medication respectively
achieved an IOR21mmHg or the target pressure.

One year after the surgery the mean IOP lowering @ £6.4 mmHg (median 4, range: -18
to +8). The mean number of medication was lowereohf2.4 (median 2) before the surgery

to 0.63 (median 0) one year postoperatively.
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5.3. iTrack assited Canaloplasty

Out of more the 200 successfully performed iTraskisied canaloplasties since March 2008
seventythree eyes were eligible for case analygigthe above mentioned criteria. The
mean preoperative intraocular pressure was 23.8am6lg. At the 12 months visit the mean
intraocular pressure was 13.8+2.4 mmHg. Antiglauatmms medication preoperative was
2.2+1.0 drugs and dropped to 0.23£1.0 drugs at d2tins. Additional ND-YAG laser
goiniopuncture had to be performed in 4 eyes. leg postoperative hyphema of more then
1mm was noted. In the remaining 41 eyes at leases®yythrozytes or a minimal hyphema
was noted. None of the cases required an antdranber lavage. In 19 eyes a circumscribed
peripheral descemetic detachment was noted, soetiith blood in this cavity. In none of
these cases this complication caused a reduceddrestted visual acuity in the
postoperative period. Absorbtion of the OVD andlmod could take up to several months.
Two eyes had transient choroidal detachment. Ndhesfe eyes developled a maculopathy.
Overall no serious complication was noted. No egpiired additional glaucoma surgery
during the first 12 months postoperative period.

All eyes had a postoperative intraocular presstitess then 20mmHg at 12 months follow-
up visit. But seven eyes had a postoperative intri@o pressure of 19mmHg at that time.
Seven eyes required postoperative medication. &fetleyes four had an intraocular pressure
of 19mmHg and three eyes were 18mmHg or less.

Qualified success rate after 12 months with regard@spostoperative target pressure of
18mmHg was 90.4%. Complete success rate was 86.3%.
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5.4. Catheterless Canaloplasty

Since September 2006 we have performed 156 deegestdmies with 6x0 polypropylene
assisted canaloplasty with successful placing 1@mr6ioning suture. Preparation of a blunt
tipped slightly curved 6x0 polypropylene suture ypassible. After initial success with
relatively easy passage of the suture, encqouragirig continue and improve the technique,
most cases did require several attemps to passuithee 360°. If the suture could not pass in
one direction a second attempt was made in thesmjgpdirection. In case of sudden stop,
indicating a mispassage into a large collector nkhar a fibrosed Schlemm’s canal, the 6x0
polypropylane suture was left in place and a se&x@dpolypropylene suture was advanced
into the canal. In same cases additional manelikerbenting the tip of the suture like with
iTrack assisted canaloplasty was necessary.

In 15 eyes a misdirection of the suture with peafion into the anterior chamber or the
suprachoroidal space was noted. But in all of tleg®s finally the 360° cannulation could be
completed and a 10x0 polypropylene suture placed.

In another 26 eyes the cannulation of the Schlensamial could not be completed. In these
cases SK-Gel was implanted in the sclerectomyBitally in 3 eyes macro perforation with
conversion to penetrating glaucoma surgery witlipperal iridectomy occurred. In these
eyes no implant could be placed under the supatscieral flap.

In two eyes with aphakia and open angle glaucorcansgkary to pseudoexfoliation syndrome
we have used catheterless canaloplasty in combmatith implantation of a posterior
chamber intraocular lens with intrascleral hapttation. 54 This technique we have
developed for eyes with insufficient or no capsslapport. Because this technique does not
require anterior chamber angle haptic fixationrigrfixation it is especially usefull in

glaucomatous eyes.
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5.5. Intraopertive optical coherence tomography

With permission of the local ethics committee weeéhperformed optical coherence
tomography in more then 80 ophthalmic surgerieduaing nonpenetrating glaucoma
surgery. In all cases we have initially looked $mhlemm’s canal. In none of the cases the
canal was clearly visible preoperatively. In allé&ses of canaloplasty with intraoperative use
of optical coherence tomography the Schlemm’s oaaalclearly visible during the
cannulation with iTrack catheter. In these casetawe used the iTack catheter to inject
ophthalmic viscosurgical device to enlarge the lnmokthe Schlemm’s canal. This was
clearly visible, but in 3 eyes the lumen of thealatid enlarge less dramatically due to
microperforation of the inner wall of Schlemm’s alan

After placing the tensioning suture in all 8 eyathwanaloplasty a distension of the inner
wall of schlemm’s canal could be observed, indigpasiuccessful distension. Distension was
checked next to the sclerectomy site, at 3, 6 ana®ck position. Distension was in all
cases highest next to the sclerectomy site, bué sdri, 6 and 9 o’ clock position. Distension
suture within the lumen of the Schlemm’s canal wsible in all cases.

No device related complication occurred. The dewes easy to use with the help of a

trained assistance.

Fig. 30 intraoperative optical coherence tomogramnt to surgical site

note enlarged Schlemm’s canal with good distersmhtensioning suture at the inner wall

39



Fig. 31 end of surgery. Intraoperative optical aehee tomography at 9 o’clock

note enlarged Schlemm’s canal with good distermnzhtensioning suture at the inner wall

Fig. 33 intraoperative optical coherence tomogragftgr injection of ophthalmic viscosurgical device

note dilatation of Schlemm’s canal lumen, wireTobick visible inside the lumen
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5.6. Flow test after incisional glaucoma surgery

Five eyes after previous trabeculectomy have beenated. While two eyes showed a typical
pattern of cystic conjunctival bleb, two eyes shdwe sign of external filtration and only
one eye did show a formation of a subconjunctiv@lb bvith diffuse subconjunctival

filtration. Five eyes after deep sclerectomy didwfa diffuse subconjunctival filtration with

at least in two eyes signs of mixed resorption \rigpan blue filling of episcleral veins.

Two eyes after successful canaloplasty showedgrodfisubconjunctival filtration but filling
of episcleral veins with tryptan blue.

In all eyes with external appearance of trypan liigoccurred in the surgical site or next to
the surgical area. No complication related to tloiw test occurred.

Fig. 34 filling of an avascular cystic bleb aftealieculectomy with no sign of subconjunctival #ition

Preoperative intraocular pressure 30mmHg

Fig 35 diffuse subconjunctival leackage of trypldume after successful trabeculectomy, indicatirfude

subconjunctival filtration, preoperative intraoaupaessure 12mmHg
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Fig. 36 note intravasal filling of episcleral veiasd spots of subconjunctival leckage as a signixéd
mechanism of aqueous humor drainage after suc¢eesdp sclerectomy with SK-Gel, preoperative intrdar
pressure 13mmHg

Fig. 37 note light filing of episcleral veins wittypan blue esp. at left side, wit no sign of sufjanctival

filtration after successful canaloplasty, preopeesintraocular pressure 12mmHg
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5.7. Glaucolight and Scharioth’s glaucoma forceps

After more then 12 months of processing and testingw catheter for canaloplasty was
developed and is now commercially available.

This device is called Glaucolight. It is a spegialesigned lightfiber with an atraumatic tip
design for smooth transfer through the Schlemmslcéts outer diameter is only 150um.
This small diameter allows flexible 360° followahjlof the Schlemm’s canal. The material
is ductile. Bending the tip reduces the risk fosduiection of the catheter during the passage
through Schlemm’s canal. It has an integrated tygi@wvered red LED light source. The
LED is switched on simply by pressing a contactiencase. The battery lasts for several
hours. The illuminated tip indicates the positidihe catheter in the Schlemm’s canal during
the passage. The special suture fixation notcheatlistal end of the fiber assures a firm
fixation of the stretching-suture in combinatiortiwminimizing injury effect of the suture
knot to the wall of Schlemm’s canal during the diiwn. The clip attached to the light

source is used to fix the catheter to the stealéepts drape next to surgical area during the

procedure.

Fig. 38 Glaucolight (DORC, The Netherlands) wittegrated battery powered LED light source and clip
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Fig. 39 pressing at sensor of the sterile cas#@lioninating the fiber

Fig. 40 Glaucolight attached to the sterile patearttver just next to the surgical area

During the testing period 22 eyes have been opkreith this new device and in all cases a
successful 360° cannulation could be performedcdoplication related to the device

occurred. The passage through the Schlemm’s casalomnd smooth and atraumatic.
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Fig. 41 manipulating the Glaucolight with the neesined forceps within the Schlemm’s canal, nate th

intense transscleral illumination of the Glaucotigh

The forceps developed for modern glaucoma procedsra modified tying forceps with an
enlarged tip with a groove for easier and safesgreg of the catheter during cannulation.
This atraumatic tip could also be used during tlee@dure for atraumatic but safe
manipulation of the scleral flap.

The distal end of the forceps has a special mddkdylunt marking of a parabolic 5X5mm
superficial scleral flap. The special design o$ timarker allows observation of the episcleral
vessels during marking to select an adaequate@regsection. This reduces the need for

diathermy during flap preparation.

e SRR

DETAIL A
SCALE 2 : 1

Fig. 42 New glaucoma forcpes with special desigigetbr better control of glaucoma surgery fibersla
atraumatic grasp of ocular tissue, parabolic maakelistal end for marking the superficial scldiap
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6. Discussion

Deep sclerectomy has an effect on filtration, hatscsuccess is vulnerable to scarring and
will be positively influenced by the use of antimietlites and theoretically by a device
implanted within the scleral bed. These so-calfgte maintainers are either absorbable
implants which degrade within several months orafbserbable persisting devices. Judging
from our years of experience with implantationtod tlevices in glaucoma surgery, we
assumed that both the absorbable and the nonabssrbglant lower IOP approximately to
the same level. Therefore we had no preferenca éertain device. Also, there were no
special indications or circumstances where we darpleane device to perform better than the
other. We compared SK-Gel versus T-Flux in difféqgatients with and without combined
phacoemulsification. Deep sclerectomy was performi¢id a relatively good success rate at
12 months postoperative and with not differencevben both implants. Therefore, over the
years we accumulated some patients who requirest@faa surgery on both eyes and who
happened to be implanted with both devices. Ouospective analysis of the patients who
received SK-GEL in one eye and T-Flux in the cdatexal eye (second study) bore the
opportunity to compare both devices regarding tl@R-lowering effect. The intraindividual
comparison limits the effect of confounding varegyle.g. the influence of individual
variations in the inflammatory reaction or fibrote&sponse after deep sclerectomy. Moreover,
all eyes underwent simultaneous phacoemulsificapogcluding a systematical bias because
of a possible IOPlowering effect of phacoemulstima. Only very few studies

with an intraindividual control have been performguto now and only few studies have a
comparably long follow-up with implants in deepeselctomy. Furthermore, to our
knowledge there are only two studies comparingetfieacy of absorbable versus
nonabsorbable implants. The results showed nordifte in IOP in all 4 groups. And
Mansouri et al55 compared a nonabsorbable polymethylmethacrylate

implant versus an absorbable collagen device foean observation period of 20 months.
The effect on IOP and the rate of complicationsentbe same in both groups.

Theoretically, in the long term absorbable impldiks SK-GEL might work less well than
nonabsorbable devices. The implantation of a narabble device could create an
intrascleral space by permanently preventing adhdsetween the scleral flap and the scleral
bed. Dahan et ah6 carried out ultrasound biomicroscopy (UBM) invgations and
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confirmed a permanent intrascleral space surrognithe T-Flux implant. On the other hand,
the rationale for the absorbable implant is thaait maintain the surgically created
intrascleral space for several months during thegef maximum postoperative
inflammation and scarring. It is assumed that lgytibme the implant dissolves, the healing
process is already completé&d.Chiou et al58 investigated the scleral space by UBM
several months after implantation of a collagenlanp They observed that the implant
dissolved slowly, within 6 to 9 months, and wadaepd by new autologous scleral tissue, yet
leaving a tunnel. The lifespan of SK-GEL is notaclbut it is estimated to be at least as long
as for the collagen implant. Marchini and assosia8were unable to determine the lifespan
of the SK-GEL as it is nearly undetectable by UBMgcontrast to a collagen implant. In
glaucoma revision surgery we extracted a hardlyalved SK-GEL device which we had
placed there more than one year before. In ouempiati preoperative mean IOP was lower
than in some of the studies cited. Ten patienteerSK-GEL group and 12 patients in the T-
Flux group had IOP meeting the criteria of a “gfiedi” success even before surgery. In these
cases, indications for surgery were borderline #D& progression of glaucoma despite an
IOP below or equal to 21mm Hg. Of those patients wipreoperative IOP <21 mm Hg,
there was one patient in each group who still regumedical glaucoma therapy after
surgery. Setting a stricter cut-off IOP of <16 mmidglefine success, 10 patients

(58.8%) in the T-Flux® group and 9 (52.9%) patientthe SK-GEL group showed a
qualified success and 9 (52.9%) and 7 patientd {)Lrespectively, a complete success. We
consider these results as being comparable fordrotips. Concerning complications during
surgery, we could finish all interventions as pletinnone of them had to be transformed to a
trabeculectomy despite microperforations of thbecallo-Descemet’'s membrane.
Postoperatively we did not see any iris incarceratburing the postoperative period there
was no need for goniopuncture or needling, andmiéilaotic agents were employed, unlike
in other studies60 In one patient a cyclocryocoagulation was perfatrog an uncontrollable
rise in IOP. Most of our patients did not requiosioperative antiglaucoma treatment; in less
than 20% per group a permanent medical treatmesneeessary after surgery.
Phacoemulsification can be done simultaneouslyanapma patients suffering from
additional cataract, avoiding the need of a sesamgery. However, the contribution of

lens removal to the IOP-lowering effect of a condoiitataract-glaucoma surgery is unclear.
Due to the fact that all eyes underwent phacoeffiredsion in our study, all eyes did benefit
from a possible IOP-lowering effect. A cataractragtion without filtering surgery may result

in a decrease of IOP in healthy eyes and to arlessent in some eyes with glaucorba.
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Lens extraction may cause an increase in the dédibth the central and the peripheral

anterior chamber.

Our next study analyzed the effect of a novel apgindn nonpenetrating glaucoma surgery
called canaloplasty. To our knowledge this studynis of the largest controll of canaloplasty
alone in a very selected population of open-aniglagpma patients with no previous
intervention. Thus we operated on virgine eyes, should be the very best selection for this
type of surgery we expected a high success ragedeg 360° cannulation and intraocular
pressure lowering effect.

Only very few information were available about ttashnique when we started our stusy.
The intraoperative experience and the postoperativese met our expectations. There was
additional intraocular pressure lowering effect pamned to classic deep sclerectomy and
reduced need for postoperative intervention.

Our results were comparable to results of othatigsuon iTrack assisted canaloplag, 53

As an unreported postoperative finding almost ydisehad some amount of intracameral
bleeding. We believe that this is a result of #restoning suture which prevents collapse of
Schlemm’s canal in the early postoperative periathd a possible hypotonic phase. The
reflux bleeding from episcleral veins to collecttvannels, Schlemm’s canal and finally into
the anterior chamber might indicate a successfgiesy. Thus it should not be considered a

complication.

Main drawback of iTrack assisted canaloplastytlaeehigh costs. Therefore we tried to
perform a canaloplasty with the help of a blunp&g 6x0 polypropylane suture. A very
similar approach has been used for 360° trabeaulpio congenital dysgentic glaucont
We found it possible to cannulate the entire Schiésrcanal with this technique even if it
required a relatively long learnig curve and uttité tip of the suture was not exposed on the
opposite site it was unclear wether the suture thekight way or perforated and went
suprachoroidal. This problem has been addressadobgvious publicatior6l

In our experience a thin catheter with illuminatgdbut without lumen would be sufficient to
perform canaloplasty with high success rate.

Result of ten years intensive work in the fielchohpenetrating glaucoma surgery and the

cooperation with an innovative company was the bgmeent of a new improved fiber for
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canaloplasty and a special designed forceps. Lihaigerience with the new device suggests
at least the same success rate for canaloplastittasirack. Special features of this new
device (Glaucolight, DORC, The Netherlands) seemmfrove the safety of this surgerical
approach and to reduce surgical time and costsegbitocedure.

Further studies are needed to compare both casheterthe effect of OVD 360° injection
within the Schlemm’s canal.

Optical coherence tomography with a modified tiroendin OCT with 1300um wavelength
mounted to a standard operating microscope wasnoeefl during various ophthlomosurgical
procedures. Handling was relatively easy with takp lof our assisting staff. During
glaucoma surgery new information regarding the sfzbe lumen of Schlemm’s canal and
the distension were found. Main advantage of thig technology was the non-contact
approach in contrast to competting high resolutibrasound imaging. Additionally, the
surgeon hands were kept free for intraopertiveisargnanipulations. We expected to see the
Schlemm’s canal prior to manipulations. This waspossible in our study. We believe that
an improved system using spectral domain and pgssislightly different wathlength would
increase resolution and could make the untouchbte®en’s canal visible. This could lead to
a new understanding of the pathology of open-aglglecoma since there is some evidence
that in some patients with open-angle glaucom&ttidemm’s canal might be collapsed.

These patients should then preferably be treatddcanaloplasty.

There is still controversy about the possible madma of agueous outflow after incisonal
glaucoma surgery. All previous studies used indineethods to analyze the outflow after
nonpenetrating glaucoma surgery. Optical cohertamegraphy and high resolution
ultrasound biomicroscopy cannot directly show thewseous flow.

To our knowledge this study using intracameraldryplue after incisional glaucoma surgery
is the first study proving aqueous outflow longreafter incisional glaucoma surgery. Our
expectation that in failed trabeculectomy with aybleb no filtration was detectable was
met, whereas in a succeful trabeculectomy a nitesai subconjunctival filtration zone was
proven. Surprisingly in deep sclerectomy with SK-{Bglantation and intraoperative
watertight flap closure we found signs of mixedoréisn, eighter subconjunctival and
intavasal. In our explanation a postoperative saglbf the implant may cause in some cases

an insufficient closure of the superficial flapuksg in subconjunctival aqueous humor flow
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and resorption. This seems not to cause failuedl icases. But the risk for late fibrosis and
late failure due to stopped subconjunctival filwatshould be theoretically increased.

Our findings regarding canaloplasty were new. Hietg/o eyes we could prove exclusive
drainage through the natural outflow system vial&oim’s canal, collector channels and
episcleral veins with no sign of subconjunctivéitdition suggesting that it could be possible
to re-establish the natural outflow.
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7. Conclusion

In conclusion, the results of our retrospectivelysia confirm the results of other studies, in
that in open-angle glaucoma a deep sclerectomyimptantation of a device in combination
with phacoemulsification lowers IOP in a clinicatiglevant way over a long period.

We proved that the effect of deep sclerectomy vmtplantation of a device is independent
from the absorbable or nonabsorbable propertyefrtiplant, while the risks of a combined

surgery are few when performed by an experiencegesa.

Peripheral anterior synechiae could cause failureonpenetrating glaucoma surgery. We
developed a new technique for release of goniosyaedn the area of the descemetic
window and could prove that with this new surgteshnique deep sclerectomy could be
performed successfully in case of peripheral aotexynechiae.

Canaloplasty is a new effective bleb-independemaatular pressure lowering-procedure
with a very low complication rate. Longer follow-igpneeded to understand the long term
success rate and effects of the tensioning suturetaocular tissue.

The commercially available catheters for canaldgl&Slaucolight, DORC, The Netherlands
and iTrack, iScience, USA) reduces surgical time iamproves the safety of the procedure.
But canaloplasty can be performed even withouhted of this expensive device with the
help of a self made catheter (blunt tipped polyglepe suture 6x0). The procedure was
successful even without injection of ophthalmiaccasurgical device throughout the entire

Schlemm’s canal. Our new forceps simplifies intexapve manipulations.

Intraoperative optical coherence tomography isva teehnique to visualize intraocular
structures with very high resolution. This techggyl@ould be helpful in modern glaucoma
surgery as well as other ophthalmic surgical tegqpes (i.e. refractive intraocular implants,
corneal surgery, femtosecond-assisted cataractiggrgVe could show that this new system
is able to image intraoperative the Schlemm’s candldistension of the inner wall of
Schlemm’s canal during canaloplasty. Further dgweémnt of this system with higher
resolution and improved recording speed is recona@enFaster computer technology could

lead to three dimensional imaging with new optiongphthalmic surgery and diagnostics.
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To prove the concept of bleb-independent glaucamgesy we have developed the
intraoperative flow test with trypan blue. Withghest the outflow of aqueous humor after
incisional glaucoma surgery was directly visualiz&tlleast in some eyes we could prove the

bleb independent character of canaloplasty.

Nonpenetrating bleb independent glaucoma surggrgssible, has a very low complication
rate and could lead to re-establishing the naturtlow in patients with open-angle

glaucoma.
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