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Canaloplasty for open angle glaucoma:
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C. O. Peckar1 and N. Körber 2
1 Warrington

Hospital, Warrington, UK & Spire Cheshire Hospital, Stretton, UK
Porz, Cologne, Germany & University Eye Hospital Padua, Italy

2 Augencentrum

Kanaloplastik bei Offenwinkel-Glaukom versus Viscocanalostomie – eine kritische 3-Jahres Verlaufsstudie
Zusammenfassung. Einführung: Patienten mit Offenwinkel-Glaukom, die sich einer primären Kanaloplastik durch
die beiden Autoren unterzogen hatten, wurden einer allgemeinen Datenbank zugeführt.
Die beiden Autoren fügten außerdem ihre über 3 Jahre
gesammelten Ergebnisse von Patienten zusammen, die sich
einer Viscocanalostomie unterzogen hatten, um so einen Vergleich von Erfolg und Komplikationen beider Behandlungsmethoden zu ermöglichen.
Patienten und Methoden: Die Operationen wurden durchgeführt im Warrington Hospital, Warrington, England, im
Spire Cheshire Hospital, Stretton, England, im Augencentrum Porz, Köln, Deutschland sowie in der Universitätsaugenklinik in Padua, Italien, in Zeit von Mai 1997 bis Mai 2008.
97 Augen von 75 Patienten wurden mit einer Kanaloplastik behandelt. Das Durchschnittsalter der Patienten lag bei 67
Jahren (Altersspanne von 41 bis 85 Jahren). Die Verlaufskontrollen erfolgten durchschnittlich über einen Zeitraum von 19
Monaten (6 Monate bis 3 Jahre).
120 Augen von 92 Patienten wurden mit einer Viscocanalostomie behandelt. Das Durchschnittsalter der Patienten
lag bei 68 Jahren (Altersspanne von 26 bis 92 Jahren). Die
Verlaufskontrollen erfolgten durchschnittlich über einen
Zeitraum von 22 Monaten (3 Monate bis 3 Jahre).
Ergebnisse: Es gab keine statistisch signifikanten Unterschiede zwischen den beiden Behandlungsgruppen in Bezug
auf den prä-operativen Augendruck und die Anzahl der Medikamente. Beide Gruppen, sowohl die Kanaloplatik- als auch
die Viscocanalostomie-Patienten, zeigten eine statistisch signifikante Reduktion des Augendruckes (t= 19,25. p < 0,05
bzw. 15,54. p < 0,05) sowie der Anzahl der Medikamente
(t = 21,18 p < 0,05 bzw. 23,04 p < 0,05) in Bezug auf den präoperativen Druck. Bei der post-operativen Reduktion des
Augendruckes sowie der Anzahl der Medikation gab es einen
statistisch signifikanten Unterschied zugunsten der Gruppe
der Kanaloplastik-Patienten (Mann-Whitney U 3940,5 und
4109,5 p = < ,001).
Von 97 Augen, die mit einer Kanaloplastik behandelt
wurden, konnte bei einem Erfolgskriterium von < 21 mmHg
eine Erfolgsrate von 97% mit Medikation und von 95% ohne

Medikation erreicht werden. Wäre das Erfolgskriterium mit
< 17 mmHg definiert worden, so läge die Erfolgsrate bei 87%
mit Medikation und bei 83% ohne Medikation.
Von 120 Augen, die mit einer Viscocanalostomie behandelt wurden, konnte bei einem Erfolgskriterium von < 21
mmHg eine Erfolgsrate von 96% mit Medikation und von
55% ohne Medikation erreicht werden. Wäre das Erfolgskriterium mit < 17 mmHg definiert worden, so wäre die Erfolgsrate auf 68% mit Medikation und bei 42% ohne Medikation
abgesunken.
Es gab einen statistisch signifikanten Unterschied zugunsten der Gruppe der Kanaloplastik-Patienten in Bezug auf die
Anzahl der Patienten, die einen post-operativen Augendruck
von 17 mmHg und weniger erreichten (t = 2,55 p = ,001).
Zusammenfassung: Die hier zusammengetragenen Resultate zeigen, dass sowohl die Viscocanalostomie als auch
die Kanaloplastik sichere und wirkungsvolle operative Behandlungsmethoden bei Offenwinkel-Glaukom darstellen. Es
treten weniger Komplikationen auf, als sie in der aktuellen
Literatur zur Trabekulektomie berichtet werden.
Wenn jedoch die Resultate der beiden Behandlungsgruppen miteinander verglichen werden, so ist festzuhalten, dass
die Kanaloplastik signifikant bessere Resultate zeigt.
Schlüsselwörter: Kanaloplastik, Viscocanalostomie, Mikrokatheter, Offenwinkel-Glaukom, Schlemm’scher Kanal,
Augeninnendruck, Glaukomchirurgie, nicht-penetrierende
Glaukom-OP, Mikroangiographie mit Kollektorkanal, Glaukom-OP ohne Filterkissen.
Summary. Objective: Patients undergoing primary Canaloplasty for open angle glaucoma, under the care of the two
authors, were entered into a common data base. The two authors also pooled their results at three years, from a prospective audit of patients undergoing Viscocanalostomy, from the
same sites, in order to provide a comparison of the successes
and complications of the two procedures.
Patients and methods: Surgery was carried at: Warrington
Hospital, Warrington, UK; Spire Cheshire Hospital, Stretton,
UK; Augencentrum Porz, Cologne, Germany and University
Eye Hospital Padua, Italy, between May 1997 and May 2008.
Ninety seven eyes of 75 patients underwent Canaloplasty
with a mean age of 67 years (range 41 to 85 years) and a mean
follow up of 19 months (range 6 months to 3 years). One
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hundred and twenty eyes of 92 patients had undergone Viscocanalostomy with a mean age of 68 years (range 26 to 92
years) and a mean follow up of 22 months (range: 3 months
to 3 years).
Results: There were no statistically significant differences in the mean pre-operative IOP and number of medications between groups. Both Canaloplasty and Viscocanalostomy groups showed a statistically significant reduction in
IOP (t = 19.25. p < 0.05 and 15.54. p < 0.05 respectively) and
number of medications (t = 21.18 p < 0.05 and 23.04 p < 0.05
respectively) from pre-operative levels. There was a statistically significant difference in favour of the Canaloplasty
group in post-operative reduction of both IOP and number of
medications compared with the Viscocanalostomy group
(Mann-Whitney U 3940.5 and 4109.5 p = < .001 respectively). Of the 97 eyes that underwent Canaloplasty, using the
criteria of success as ≤ 21 mm Hg, a success rate of 97% with
medication and 92% with no medication was achieved. When
success is defined at ≤ 17 mm Hg, the success rate was 87%
with medication and 83% with no medication.
For the 120 eyes undergoing Viscocanalostomy, using the
criteria of success as ≤ 21 mm Hg, a success rate of 96% on
medication and 55% with no medication was achieved. However, when success is defined at ≤ 17 mm Hg the success rate
drops to 68% on medication and 42% with no medication.
There was a statistically significant difference between
groups in favour of the Canaloplasty group in the number of
patients achieving a post-operative IOP of 17mm Hg or less
(t = 2.55 p = .001).
Conclusions: The results reported here show that both
Viscocanalostomy and Canaloplasty are safe and effective
surgical procedures for the management of Primary Open
Angle Glaucoma with fewer complications than the current
literature states for trabeculectomy. Moreover, when the results of these two groups of similar patients are compared,
Canaloplasty produced significantly better results than Viscocanalostomy.
Key words: Canaloplasty, viscocanalostomy, microcatheter,
primary open-angle glaucoma, Schlemm’s canal, IOP, glaucoma surgery, non-penetrating surgery, collector channel
micro-angiography, bleb-independent glaucoma surgery.

Fig. 1. Microcatheter with illuminated Red Tip entering Schlemm’s
canal

Patients
All patients undergoing primary Canaloplasty for open angle
glaucoma, under the care of the two authors, were entered
into a common data base in order to evaluate the success and
complications of this procedure. All the surgery was performed by the two authors at: North Cheshire Hospitals NHS
Trust (Warrington Hospital), Warrington, UK; North
Cheshire Hospital (currently Spire Cheshire Hospital), Stretton, UK; Augencentrum Porz, Cologne, Germany and University Eye Hospital Padua, Italy, between May 1997 and
May 2008. The two authors also pooled their results at three
years, from a prospective audit of patients undergoing Viscocanalostomy, from the same sites, in order to provide a comparison of the successes and complications of the two procedures. It should be noted that although these groups are
similar, they were not perfectly matched and this was not a
randomised controlled study.
Ninety seven eyes of 75 patients underwent Canaloplasty
with a mean age of 67 years (range 41 to 85 years) and a mean
follow up of 19 months (range 6 months to 3 years). One
hundred and twenty eyes of 92 patients had undergone Viscocanalostomy with a mean age of 68 years (range 26 to 92
years) and a mean follow up of 22 months (range: 3 months
to 3 years).

History and surgical technique
History
Professor Robert Stegmann, working in rural South Africa,
found that trabeculectomy had a very high failure rate in
Africans. He was, therefore, forced to consider alternatives to
‘bleb-dependant fistularising surgery’. He tried trabeculotomy and Visco-trabeculotomy but these also ‘scarred-up’. In
1994 he developed Viscocanalostomy, a microsurgical procedure which re-established the physiological drainage of aqueous, via the normal anatomical channels, thereby overcoming
the problems associated with trabeculectomy: low pressures,
choroidal detachments, flat anterior chambers, bleb failures
and endophthalmitis [1].
Colleagues were sceptical. They wondered whether this
new procedure would work in non-Africans, or whether oth-

Fig. 2. Microcatheter at 5.30 o’clock
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Fig. 3. Collector channel micro-angiography

Fig. 4. Tension suture on microcatheter

Fig. 5. Suture knots in Schlemm’s canal

Fig. 6. Gonio view of suture knots at 2 wks

er surgeons could learn how to perform the surgery? Prof.
Stegmann came to the UK three years later and participated
in a course at Warrington Hospital. The authors have been
performing Viscocanalostomy, and more recently Canaloplasty, as their routine operations, for Open Angle Glaucoma,
ever since.
Viscocanalostomy has a late failure rate of at least 5% due
to late ostia or lake fibrosis and, therefore, an additional surgical step was required, to reduce the outflow resistance, over
a wider area, and hold the ostia and lake wide open.
One of the Warrington course participants was Dr ‘Jack’
Kearney from New York who also took up the challenge of
Schlemm’s Canal surgery by developing a microcatheter, in
conjunction with iScience (Menlo Park California), which
could dilate the whole of Schlemm’s canal. Robert Stegmann
used this microcatheter to place a ‘tension suture’ in the canal, to hold it open and tension the trabecular meshwork,
reducing the outflow resistance, and creating the procedure
of Canaloplasty.

Table 1. Mean intraocular pressures: viscocanalostomy and
canaloplasty
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Surgical technique: viscocanalostomy
In Viscocanalostomy we mark an area on the sclera, usually
at the 12 o’clock position, about 5.0 mm from the limbus. A
parabolic superficial sclerectomy flap is made around 300µ
thick in normal eyes, this flap is designed to be watertight,
and because of this we avoid the use of cautery and use
1:10,000 epinephrine on a ‘cotton bud’ to achieve haemostasis. Inside the superficial flap a deep secondary sclerectomy
flap is made 0.5 mm inside the superficial flap, cutting down
until the choroid is just visible and then leaving a few fibres
of sclera between the dissecting plane and the choroid,
‘choroid and back’. This plane is extended forwards crossing
the scleral spur to Schlemm’s canal, which is then de-roofed,
creating a “Descemet’s Window” through which aqueous can
permeate. The deep scleral flap is then excised, creating a
“scleral lake”. Next the two ends of Schlemm’s canal, “the
ostia” are injected, with BSS (balanced salt solution), using a
150µ cannula, to demonstrate patency of some of the adjacent
collector channels, by blanching. The “ostia” are then dilated
six times with high viscosity sodium hyaluronate, using the
same cannula, providing access into Schlemm’s canal and the
collector channel network. The superficial scleral flap is then
sutured tight, achieving internal drainage (i.e. bleb-independent surgery). Post-operative topical medication: ketorolac
trometamol qid for 1 month, prednisolone acetate 1% qid
(tailing off over 1 month) and topical antibiotics for 10 days.

Surgical technique: canaloplasty procedure
The Microcatheter (iTrack™) catheter is 250µ in diameter at
its soft atraumatic tip which is illuminated by a red laser-diode, via a fibre-optic bundle. The catheter also has a delivery
lumen for delivery of viscoelastic, as well as a stiffening wire.
The catheter is inserted into one of the ostia (Fig. 1), advanced a little, the microscope lights are dimmed, and the
progress of the catheter can be seen through the canal via the
illuminated tip, which shines through the sclera (Fig. 2).
As an additional step, Collector Channel Microangiography (CCMA) may be carried out through the microcatheter,
in order to document the distribution and patency of the collector channel network, using fluorescein, as originally described by Robert Stegmann, or trypan blue as shown in
Fig. 3, which illustrates the high concentration of collector
channel vessels draining the superior nasal quadrant of
Schlemm’s canal (Fig. 3).
At every two clock hours 0.5 microlitres of high viscosity
sodium hyaluronate are injected to dilate the canal and lubricate the path of the catheter. Once the catheter has passed all
the way around the canal, it exits through the opposite ostia.
In the majority of cases the catheter will pass unimpeded.
Next a 10/0 prolene suture is tied to the end of the catheter
(Fig. 4), and the catheter is withdrawn in order to place the
suture in the canal. The suture is tied under tension on a soft
eye, so that when normal tension returns, the suture is at the
correct pressure. The suture is locked (Fig. 5), and the superficial flap is closed and sutured water-tight. Gonioscopy postoperatively is illustrated in Fig. 6.

Results
The three year results of 97 eyes of patients who underwent
Canaloplasty for Primary Open Angle Glaucoma demonstrate a mean lowering of intra ocular pressure (IOP) from 27
to 14 mms Hg (a mean drop of 48%) and a reduction in mean

number of medications from 2.6 to 0.2. Results from a similar
group of 120 eyes of patients who underwent Viscocanalostomy for Primary Open Angle Glaucoma demonstrate a mean
lowering of IOP from 25 to 16 mms Hg (a mean drop of 36%)
and a reduction in mean number of medications from 2.5 to
0.4. There were no statistically significant differences in the
mean pre-operative IOP and number of medications between
groups. Both Canaloplasty and Viscocanalostomy groups
showed a statistically significant reduction in IOP (t = 19.25.
p < 0.05 and 15.54. p < 0.05 respectively) and number of
medications (t = 21.18 p < 0.05 and 23.04 p < 0.05 respectively) from pre-operative levels.
There was a statistically significant difference in favour
of the Canaloplasty group in post-operative reduction of both
IOP and number of medications compared with the Viscocanalostomy group (Mann-Whitney U 3940.5 and 4109.5
p = < .001 respectively Tables 1 and 2).
For the 97 eyes that underwent Canaloplasty, using the
criteria of success as ≤ 21 mm Hg, a success rate of 97% with
medication and 92% with no medication was achieved. When
success is defined at ≤ 17 mm Hg, the success rate was 87%
with medication and 83% with no medication.
For the 120 eyes undergoing Viscocanalostomy, using the
criteria of success as ≤ 21 mm Hg, a success rate of 96% on
medication and 55% with no medication was achieved. However, when success is defined at ≤ 17 mm Hg the success rate
drops to 68% on medication and 42% with no medication.
There was a statistically significant difference between
groups in favour of the Canaloplasty group in the number of
patients achieving a post-operative IOP 0f 17mmsHg or less
(t = 2.55 p = .001 Table 3).

Success
In 1997, when we commenced Viscocanalostomy, success
was defined as an intraocular pressure of ≤ 21 mm Hg. However the European Glaucoma Society in their “Terminology
& Guidelines for Glaucoma, 2nd Ed 2003” state:
“There is no single IOP level that is safe for every patient.
However, it is generally assumed in glaucoma that aiming to
achieve at least a 20% reduction from the initial pressure at
which damage occurred, or in advanced glaucoma to lower
the IOP to a level below 18 mm Hg at all visits is a useful way
to achieve the initial target IOP [2]”.
Using the criteria of success as ≤ 21 mm Hg Viscocanalostomy achieves a success rate of 96% on medication
and 55% with no medication. However, using the above criteria, it is probably more appropriate to define success as
≤ 17 mm Hg. When we apply this criterion, the success rate
for Viscocanalostomy drops to 68% on medication and 42%
on no medication.
The aim of introducing the tension suture into Schlemm’s
Canal was to further reduce patients’ intraocular tension,
increase the success rate and decrease the number of late
failures of viscocanalostomy due to ostia, lake or collector
channel closure.
For Canaloplasty, using the criteria of success as
≤ 21 mm Hg, a success rate of 97% on medication and 92%
with no medication, is achieved. When success is defined at
≤ 17 mm Hg, the success rate is 87% on medication and 83%
with no medication. [There was a statistically significant difference in favour of the Canaloplasty group in the number of
patients achieving a post-operative IOP of 17 mms Hg or less
(t = 2.55 p = .001)].
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Table 2. Mean medications: viscocanalostomy and canaloplasty

Table 3. Success: viscocanalostomy and canaloplasty

Table 4. Viscocanalostomy

Table 5. Canaloplasty
70

Pre-op IOP

70
Pre -op IOP

Post-op IOP (at last visit)

60

Post -op IOP (at last visit)

60

50

IOP mmHg

IOP mmHg

50
40

30

30

20

20

10

10
0

40

0

No. of Eyes (n=120)

No. of Eyes (n=97)

Table 6. Complications: viscocanalostomy and canaloplasty
Complications

Viscocanalostomy n = 121

Canaloplasty n = 97

Hyphaema (transient)
Descemet’s split > PI
Converted to trabeculectomy
Choroidal detachment
Pressure spike (1 day post-op > 30 mmHg)
Laser trabeculoplasty (post-op)
Resuturing of sclerectomy/conjunctiva
Bleb revision (post-op)
Flat anterior chamber
Failed: Surgical revision
Trabeculectomy
Ahmed valve™
Prolene tension suture:
No suture: microcatheter did not pass 360°
Microcatheter suprachoroidal
Sub-Descemet’s healon
Suture ‘Cheese-wired’ post-op

2 (1.7%)
2 (1.7%)
0
1 (0.8%)
0
3 (2.5%)
0
1 (0.8%)
0
2 (1.7%)
0
0

10 (10%)
1 (1%)
0
0
1 (1%)
0
2 (2%)
0
0
0
0
1 (1%)

–
–
–
–

9 (9%)
1 (1%)
3 (3%)
1 (1%)
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Discussion
In a recent review editorial ‘Trabeculectomy is not the best
surgical option for glaucoma’ [3], Peter Wishart pointed out
that “the trabeculectomy operation has already been abandoned in favour of the augmented trabeculectomy with the
anti-metabolite Mitomycin-C [4] by the majority of UK and
US glaucoma specialists [5]”. He states that: “primary open
angle glaucoma only has a 3% per annum risk of a measurable decline in visual field threshold [6], yet the risk of blindness from Mitomycin-C trabeculectomy is 6% per annum
from a combination of Bleb Related Endophthalmitis (2.8%)
[7–16] and Hypotony Maculopathy (3.2%) [7, 12, 17, 18]. He
concludes “the evidence shows that Mitomycin-C trabeculectomy is neither safe nor effective. On the basis of the
evidence; surely glaucoma surgeons should adopt viscocanalostomy or deep sclerectomy and abandon trabeculectomy”.
The results of this 3 year review of Canaloplasty and
Viscocanalostomy show that Canaloplasty has similar low
complication rates compared with Viscocanalostomy.
Neither of the procedures suffered from the devastating
complications of endophthalmitis or visual loss and being
‘bleb independent surgery’ there were no bleb related complications, apart from a minor bleb revision in one of the
Viscocanalostomy patients. The only marked difference in
complications was an increased incidence of transient hyphaema post-operatively in the canaloplasty patients (from 2
to 10%).
In a 12 month follow-up of canaloplasty patients Lewis et
al. [19] reported mean intraocular pressures at 12 months of
15.3 mm Hg and post-op mean medications of 0.3. At 3 years
our Canaloplasty patients had a mean IOP of 14.2 mm Hg
and mean post-op medications of 0.19 They reported 15 adverse events in their 94 patients of hyphaema: 4%, raised
intraocular pressure above 30 mm Hg: 3%, descemet’s tear:
1%, hypotony and choroidal effusion:1%. They also reported
exposed closure sutures and 3 patients were converted to
trabeculectomy.
In the series reported here, the incidence of post-operative transient hyphaema was higher than theirs but the rest of
the complications were slightly less (see Table 6). Six eyes
had complications directly related to their intra-canalicular
tension sutures or microcatheter. Four of these had small
peripheral sub-descemet’s separation with sodium hyaluronate, one had cheese-wiring of the tension suture for 2 clockhours from the temporal ostium and one had a short suprachoroidal passage of the microcatheter. None of the complications had any effect on visual acuity or IOP (intra-ocular
pressure). We use 10/0 vicryl™ to close the scleral incision
and conjunctiva and so there are no concerns about long term
problems from exposed closure sutures.
In our series, three patients progressed to further surgery;
two following Viscocanalostomy had surgical revisions and
three had Laser Trabeculoplasty. One patient, following
Canaloplasty, had an exploration which revealed a totally fibrosed lake and ostia and then underwent Ahmed Valve™
implantation.
These results are in contrast with a UK national study of
trabeculectomy [20] in which early complications were reported in 47% of cases and late complications in 43%. The
most frequent early complications, of trabeculectomy, were
hyphaema: 25%, shallow anterior chamber: 24%, hypotony:
24%, wound leak: 18% and choroidal detachment: 14%. The

most frequent late complications, of trabeculectomy, were
cataract in 20% and visual loss in 19%. None of our patients
developed visual loss or cataract during the duration of the
study.

Conclusion
These three year results of 97 patients who had Canaloplasty
for Primary Open Angle Glaucoma demonstrate a mean lowering of IOP from 27 to 14 mms Hg (a mean drop of 48%)
and a reduction in mean medications from 2.6 to 0.2. These
reductions in IOP and post-op medications are significantly
greater than a similar group of patients who had Viscocanalostomy.
For the 97 eyes undergoing Canaloplasty, using the criterion of success as ≤ 17 mm Hg, the success rate is 87% on
medication and 83% with no medication.
For the 121 eyes undergoing Viscocanalostomy, using the
same criterion, the success rate is 68% on medication and
42% with no medication.
The results reported here show that both Viscocanalostomy and Canaloplasty are safe and effective surgical procedures for the management of Primary Open Angle Glaucoma.
Moreover, when the results of these two groups of similar
patients are compared, Canaloplasty produced significantly
better results than Viscocanalostomy.
Further prospective long term data will help elucidate the
benefits of both procedures.
Up until the end of the last century, fistularising surgery,
most recently trabeculectomy, was the operation of choice for
the majority of ophthalmologists worldwide. With Viscocanalostomy we entered into the new age of ‘Schlemm’s Canal
Surgery’ allowing our patients to have comfortable ‘bleb
free’ eyes without the devastating complications of gross
hypotony and endophthalmitis and allowing their surgeons to
sleep better at night. With Canaloplasty we have advanced
once step nearer to the Holy Grail of ‘bleb Independent, safe
glaucoma surgery’.
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