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Abstract

Purpose To compare the safety and efficacy of

two polypropylene (Prolene) sutures for

tensioning of the inner wall of Schlemm’s

canal (SC) in black African patients with

primary open-angle glaucoma (POAG)

undergoing canaloplasty.

Methods In a prospective randomised trial of

90 patients, canaloplasty was performed with a

flexible microcatheter (iTrack-250A) and

sodium hyaluronidate 1.4% (Healon GV).

After complete circumferential dilatation of

the SC, a Prolene suture, either 6–0 Prolene

(group 1) or 10–0 Prolene (group 2), was

retracted through the SC and tightened

leaving tension on the canal and trabecular

meshwork. Nd:YAG laser goniopuncture was

not performed postoperatively.

Results The mean preoperative intraocular

pressure (IOP) was 42.7mmHg±12.5 (SD) in

group 1 and 45.0mmHg±12.1 (SD) in group 2

(P¼ 0.70). The mean postoperative IOP

without medications was 18.4mmHg±7.1

(SD) in group 1 and 16.4mmHg±6.6 (SD) in

group 2 at 1 month (P¼ 0.10), 19.2mmHg±6.4

(SD) in group 1 and 16.4mmHg±4.9 (SD) at

15 months (P¼ 0.04). Pressures equal or less

than 21, 18, and 16mmHg without medications

(complete success) at 12 months were 51.0%

(95% confidence interval (CI) 0.35–0.73), 34.1%

(95% CI 0.21–0.56), and 21.2% (95% CI 0.11–

0.42) in group 1, and 76.9% (95% CI 0.62–0.96),

68.8% (95% CI 0.54–0.89), and 53.6% (95% CI

0.38–0.76) in group 2, respectively. In the Cox

regression analysis, IOP o18mmHg without

medications depended significantly on the

type of Prolene (hazard ratio (HR) 2.60,

95% CI 1.24–5.46, P¼ 0.01) and age (HR 1.3,

95% CI 1.03–1.86, P¼ 0.03), but not on

preoperative IOP (HR 1.01, 95% CI 0.99–1.04,

P¼ 0.16) and gender (HR 0.67, 95% CI

0.34–1.33, P¼ 0.26). No filtering bleb was

observed. Intra- and postoperative

complications were similarly rare in the two

groups and included partial ‘cheese-wiring’

(2), Descemet’s rupture (2), and hyphaema (3).

Conclusions In this clinical trial, IOP

reduction was substantial in canaloplasty and

slightly greater in combination with 10–0

Prolene than 6–0 Prolene sutures at an equally

low complication rate. Younger age, but not

the level of IOP at surgery, had a positive

effect on the amount of IOP reduction, thus

suggesting that an early surgical intervention

to re-establish physiological outflow offers the

best prognosis.
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Introduction

Classic glaucoma surgery, such as

trabeculectomy and shunts, lowers intraocular

pressure (IOP) by redirecting aqueous humour

outflow into the subconjunctival space (external

filtration). They are proven to be effective in

reducing IOP; however, the intra-and

postoperative complications are numerous.1–3

Complications are often related to bleb such as

leaks, scarring, and infections (blebitis,

endophthalmitis), or to hypotony-like shallow

anterior chamber, choroidal effusion, cataract,
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and maculopathy. The prevention of such complications

has led to the concept of non-penetrating glaucoma

surgery. Excising sclero-corneal stroma over Descemet’s

membrane (DM) and anterior trabeculum results in a

thin DM window providing some resistance to aqueous

outflow. This strategy is called deep sclerectomy and was

first described by Fyodorov et al4 and Kozlov et al.5 Since

then, many modifications with and without implants

have been reported. The idea behind non-penetrating

procedures is also to surgically restore the natural

aqueous outflow, rather than to create a new and

possibly excessively potent drainage site. In 1995,

viscocanalostomy was described as a bleb-independent

procedure,6 in which Schlemm’s canal (SC) is expanded

with visco-elastic material. Aqueous outflow is

postulated to pass through the DM to the scleral lake and

to follow the physiological pathway distal to the dilated

SC without external filtration. Direct comparison to

trabeculectomy yielded a lower incidence of

postoperative complications,7,8 but IOP reduction was

found to be less effective.9,10

Viscocanalostomy is able to open just 1201 of SC,

limiting its effectiveness and enhancing the procedure’s

likelihood of failure; as far as our experience goes,

re-collapse of SC and the closure of the ostia of the

collector channels are the main causes for failure in

viscocanalostomy. Enlarging a greater part may increase

the chance for a more consistent patency of SC and a

circumferential flow.11 The idea of re-establishing the

internal physiological pathway was the initiation of the

development of a lighted flexible microcatheter (iTrack;

iScience Interventional, Menlo Park, CA, USA). In a

study on human perfused cadaver eyes, 1801 expansion

of SC showed a significant increase in the outflow facility

and amount of expansion was related to the relative

increase in outflow facility.12 More recently, viscodilation

of the entire SC demonstrated a promising reduction in

IOP with few postoperative complications in a clinical

study (‘enhanced’ viscocanalostomy).13 A 3601 tensioning

suture placed in the canal has led to the technique that is

called canaloplasty.14 The rationale for 3601 suture

distension in canaloplasty is to maintain increased

permeability of the inner wall region, to ensure

circumferential flow and to reduce the risk of re-collapse.

To date, all studies published on canaloplasty used 10–0

(non-absorbable, polypropylene) Prolene suture to

distend the inner wall of SC.14–16 However, it is

questionable whether 10–0 Prolene suture is the ideal

candidate for canal distension because of its thin

diameter and the potential risk of cheese-wiring. In this

study, we sought to compare the safety and efficacy of

10–0 Prolene vs 6–0 Prolene suture in patients with

primary open-angle glaucoma (POAG) undergoing

canaloplasty.

Materials and methods

Setting

This prospective study was performed at the Department

of Ophthalmology, Medical University of Southern

Africa, Medunsa, South Africa, and was approved by the

institutional ethics committees. Informed consent was

obtained from each patient. The research followed the

tenets of the Declaration of Helsinki.

Study population

A total of 90 consecutive black African patients with

POAG scheduled for canaloplasty were prospectively

enrolled for this study. The following were not included

in the study: eyes of patients with narrow or closed

iridocorneal angle; evidence for any secondary

glaucoma; pigmentary dispersion; pseudoexfoliation; a

history of trauma, of chronic or recurrent inflammatory

eye disease (eg scleritis, uveiitis); and with any type of

preceding refractive surgery and corneal disease.

Patients with POAG were randomly assigned to receive

either a 6–0 or 10–0 Prolene suture. Diurnal IOP

measurements the day before surgery were taken and the

mean IOP was used for statistical analysis.

Surgical technique

After limbal peritomy, a superficial and deep scleral flap

was dissected as previously described for

viscocanalostomy.6 The superficial flap had a parabolic

shape (about 5.0 mm� 5.0 mm) and of about one-third

scleral thickness to ensure water-tight closure at the end

of surgery. The second flap constituted approximately

two-thirds of the scleral thickness to leave a thin

translucent layer of sclera overlying the choroid. In this

plane, the deep flap was dissected to the limbal area until

the SC was unroofed. Both ostia of the SC were dissected

forward to expose the DM. A flexible microcatheter

(iTrack-250A; iScience) was introduced into the ostia of

SC and advanced 3601 to dilate stepwise the canal by

injecting microvolumes of sodium hyaluronidate 1.4%

(Healon GV). After complete circumferential dilatation, a

Prolene suture (6–0 or 10–0) was affixed to the distal tip

of the microcatheter and looped through the canal. The

suture was tightened to stretch the inner wall of SC and

the TM circumferentially. The distension of the canal was

observed clinically by the inward movement of the

suture and inner wall of exposed SC. The suture was

tightened under tension on a soft eye in order to stretch

the SC and trabecular meshwork circumferentially when

IOP returned to normal. The deep scleral flap was

excised and the superficial flap was closed and sutured

watertight.
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Postoperative follow-up

The IOP was measured before surgery and 1 week, 1, 3, 6,

9, 12, and 15 months, then 3–6 monthly thereafter.

Postoperative treatment was standardised and included

antibiotic, steroid, and non-steroid eye drops four times a

day for the first month and three times a day for the

second month. Nd:YAG laser goniopuncture was not

performed postoperatively for study purposes, as it may

conceal the true action of canaloplasty by its IOP

lowering effect.

Statistical analysis

Frequency tables were used to describe categorical

variables and descriptive statistics to determine

continuous variables (demographic data). Complete

success was defined as an IOP 21 mm Hg or lower

without medications and qualified with or without

medications, respectively. The data were also analysed

with regard to target pressure of o18 mm Hg in

agreement with the Advanced Glaucoma Intervention

Study (AGIS),17 of o16 mm Hg according to the

recommendation of the World Glaucoma Association

and to a 30% IOP reduction, as calculated for a reduced

relative risk of progression.18,19 Owing to the high IOP

levels before surgery, the surgical success was also

analysed with regard to a 50% IOP reduction. In

addition, a Kaplan–Meier survival analysis was

used to determine the cumulative probability of an IOP

greater than 21, 18, and 16 mm Hg in either group,

beginning at week 1 after surgery to ensure that the

visco-elastic was washed out and does not influence IOP.

The endpoint was the time of first confirmation of the

presence of IOP more than 21, 18, and 16 mm Hg. The

difference in terms of reaching cut-off 21, 18, and

16 mm Hg between Prolene sutures was analysed using

the log rank-test between the Kaplan–Meier probability

curves. In addition, a Cox proportional hazard analysis

was carried out to evaluate the factors potentially

associated with the failure of IOP reduction below

18 mm Hg including preoperative IOP, age at surgery,

gender, and type of Prolene suture. Corresponding

hazard ratios (HRs) with 95% confidence interval (CI)

were estimated. HRs for continuous factors such

as IOP and age were defined as the ratio of an increase in

IOP of 1 mm Hg, and an increase in age of 10 years,

respectively. Assumption of proportional hazard20 was

carefully assessed for each independent factor. Statistical

analyses were carried out using SPSS software version

13.0 (SPSS, Chicago, IL, USA). A P-value of o0.05 was

considered statistically significant. Other outcome

parameters of interest were intra- and postoperative

complications.

Results

The mean age (43.5 years±21.4 (SD) in group 1

(6–0 Prolene)), and 46.8 years±21.9 (SD) in group 2

(10–0 Prolene); P¼ 0.95), the mean follow-up time (8.7

months±3.9 (SD) in group 1, and 10.4 months±5.3 (SD)

in group 2; P¼ 0.11), the mean preoperative IOP

(42.7±12.5 (SD) in group 1; 45.0 mm Hg±12.1 (SD) in

group 2; P¼ 0.70) and the mean cup : disc ratio

(0.78±0.42 (SD) in group 1; 0.81±0.38 (SD) in group 2;

P¼ 0.82) were comparable between the two groups.

In group 1, the mean postoperative IOP was

18.4 mm Hg±7.1 (SD) 1 month after surgery,

18.3 mm Hg±6.2 (SD) at 3 months, 18.3 mm Hg±6.2 (SD)

at 6 months, 19.1 mm Hg±7.4 (SD) at 12 months, and 19.2

Hg±6.4 (SD) at 15 months. In group 2, the mean

postoperative IOP was 16.4 mm Hg±6.6 (SD) 1 month

after surgery, 16.7 mm Hg±5.9 (SD) at 3 months,

16.1 mm Hg±5.6 (SD) at 6 months, 16.6 mm Hg±5.3 (SD)

at 9 months, 16.9 mm Hg±4.8 (SD) at 12 months, and

16.4 mm Hg±4.9 (SD) at 15 months (Table 1 and Figure 1).

Table 1 Intraocular pressure (IOP) before and after canalo-
plasty (mm Hg, ±SD)

IOP 6–0 Prolene 10–0 Prolene P-value

Preoperative 42.7±12.5 45.0±12.1 0.7
1 month 18.4±7.1 16.4±6.6 0.1
3 months 18.3±6.2 16.7±5.9 0.2
6 months 18.3±6.2 16.1±5.6 0.07
9 months 19.2±5.7 16.6±5.3 0.08
12 months 19.1±7.4 16.9±4.8 0.16
15 months 19.2±6.4 16.4±4.9 0.04

Time (Month)

IO
P

6-0 Prolene
10-0 Prolene

10

20

30

40

50

12Pre IOP 1 3 6 9

Figure 1 Graph showing mean pre- and postoperative intrao-
cular pressure (IOP) (±SD) after canaloplasty for 6–0 and 10–0
Prolene sutures (complete success).
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At 15 months after surgery, IOP reduction of 30%

without medications was achieved in 96.8% of group 1,

and in 97.8% of group 2, and of 50% reduction of IOP was

55.6% in group 1, and 83.9% in group 2, respectively. The

differences in the complete success rates of an IOP of

o21, o18 and o16 mm Hg were more significant

between the two groups the lower the target IOP was

defined (Kaplan–Meier survival curves; Figure 2a and b).

The cumulative probability of success for an IOP of 21,

18, or 16 mm Hg, or less after 15 months was 51.0% (95%

CI 0.35–0.73), 34.1% (95% CI 0.21–0.56), and 21.2% (95%

CI 0.11–0.42) in group 1, and 76.9% (95% CI 0.62–0.96),

68.8% (95% CI 0.54–0.89), and 53.6% (95% CI 0.38–0.76)

in group 2, respectively. In the Cox regression analysis,

complete success rate (IOP o18 mm Hg without

medications) depended significantly on the type of

Prolene (HR 2.60, 95% CI 1.24–5.46, P¼ 0.01), and

age (HR 1.3, 95% CI 1.03–1.86, P¼ 0.03), but not on

preoperative IOP (HR 1.01, 95% CI 0.99–1.04,

P¼ 0.16) and gender (HR 0.67, 95% CI 0.34–1.33,

P¼ 0.26).

Intra- and postoperative complications were rare in

both the groups (Table 2) and included partial

‘cheese-wiring’ (2), Descemet’s rupture (2),

macrohyphaema (3), hypotony (0), choroidal detachment

(0), and so on. Microhyphaema of o2 mm was a common

observation after canaloplasty.

Discussion

Canaloplasty is a new, non-penetrating approach in

glaucoma surgery, which intends to re-establish the

internal physiological pathway by overcoming the site of

maximal resistance to aqueous outflow in POAG by

distension of the inner wall region with a circumferential

tensioning suture. Previous studies on canaloplasty

used exclusively 10–0 Prolene suture for tensioning

the inner wall of SC.14–16 This study is the first of its

kind comparing two different suture sizes for 3601

tensioning of SC. In this series, mean IOP reduction was

greater in combination with 10–0 Prolene than 6–0

Prolene sutures at each time point during the study

period. Further, patient’s age, but not the pressure level

before surgery was decisive for the amount of IOP

reduction.

The average postoperative IOP was 16.1 mm Hg at

6 months and 16.9 mm Hg at 12 months in the 10–0

Prolene group slightly higher than previously reported

(15.3 and 15.6 mm Hg, respectively).14 A reason for this
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Figure 2 Kaplan–Meier survival curves of cumulative
probability of complete success of canaloplasty for intraocular
pressure (IOP) of 21, 18, and 16 mm Hg for (a) 6–0 Prolene and
(b) 10–0 Prolene.

Table 2 Intra- and postoperative complications

Complications 6–0
Prolene

10–0
Prolene

Descemet’s detachment 1 1
3601 cannulation impossible 0 0
Passage of the microcatheter into the anterior
chamber/suprachoroidal space

1 2

Intraocular pressure (IOP) spike 430 mm Hg 3 1
Transient microhyphaema (o2 mm) 10 15
Suture cheese-wiring 1 1
Choroidal detachment 0 0
Flat anterior chamber 0 0
Cataract formation 0 0
Bleb formation, blebitis, endophthalmitis 0 0
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IOP difference may be different study populations

with different stages of glaucoma. In the multi-centre

study, the great majority of patients were Caucasians

(89.8%) with moderate glaucomatous damage and

mean IOP of around 25 mm Hg,14 whereas in this study,

all patients were black Africans with advanced POAG

and mean IOP of around 45 mm Hg. The postoperative

IOP was on average 2 mm Hg lower in the 10–0 than in

the 6–0 Prolene group. When stronger criteria were

applied to define complete success (without

medications), such as an IOP below 18 mm Hg17or

16 mm Hg, it became more evident that IOP reduction

was consistently lower in the 10–0 Prolene than in the 6–0

Prolene group (68.8 vs 34.1% and 53.6 vs 21.2%,

respectively). Better distension of the canal by the 10–0

Prolene, or partial obstruction of the TM by the 6–0

Prolene because of its large diameter size, or both

may have contributed to the more persistent IOP

reduction in the 10–0 Prolene group. To date, the 6–0

Prolene thread has been commonly used for 3601

suture trabeculotomy21–23 or as a tool for suture retraction

in catheter-less canaloplasty,24 but the role as a canal

stent is currently unknown.

The postoperative IOP in the 10–0 Prolene group

was similar to the mean IOP of a recent meta-analysis of

viscocanalostomy (16.4 mm Hg; range 13–20 mm Hg),25

and possibly less than one might expect from

the additional step of the tensioning suture in

canaloplasty. However, the rate of goniopuncture in

the reported studies was between 9 and 56%.7,8,26,27

It is well-known that laser goniopuncture produces

lower IOP,7,27 but also converts a non-penetrating

designed procedure6 into a perforating one. Sharaawy

et al27 reported a 38.2% drop in IOP from 20.4 mm Hg

before to 12.6 mm Hg after goniopuncture. In this

series, goniopuncture was not carried for the purpose

of studying the genuine effect of canaloplasty. At

present, we do not know whether canaloplasty may

have an effect in reducing the need for goniopuncture

by canal distension in the long run as the follow-up

period was 15-months. Possibly, lower IOP would

have been achieved by means of goniopuncture and

some patients may require goniopuncture later on,

as it is known that a significant proportion of

patients who have had non-penetrating glaucoma

surgery required goniopuncture in the subsequent

years.

Various surgeons sutured the superficial flap loosely

in viscocanalostomy with the intention of bleb

formation8,26,27 in contrast to Stegmann’s original

description.6 Even upto 35% of eyes had undergone

5-fluorouracil injection after viscocanalostomy to control

IOP.8,27,28 In studies that report on the presence of a

filtration bleb and goniopuncture, postoperative IOP

levels were low between 13.0 and 15.5 mm Hg.26,27,29

If no such additional procedures were performed,

the mean IOP was correspondingly higher (upto

17.8 mm Hg).9,30,31 Although we acknowledge that

subconjunctival filtration is one of the methods of

drainage, 5-fluorouracil injection is helpful to

control wound healing, and laser goniopuncture

increases aqueous outflow, the diversity of surgical

modifications and postoperative manipulations

makes direct comparison of efficacy difficult.

From a pathophysiological perspective, the

term ‘non-penetrating’ glaucoma surgery is

imprecise and should be reconsidered. It might

be more appropriate to distinguish between

bleb-independent and bleb-dependent glaucoma

surgery.

Older age was predictive for failure of canaloplasty in

this study. Recent studies on canaloplasty have not

considered age into their analyses.14–16 Alteration of the

TM along with atrophy of the distal system in case of

herniation of the wall into the collector channels ostia32–34

could have contributed besides a physiological aging

process of inner wall.35 In contrast with the age factor,

IOP level before surgery did not seem to have an effect

on IOP reduction as canaloplasty may directly target the

major site of outflow resistance. The inconsistent

dependence of IOP reduction on age and preoperative

IOP, found here, suggests that after restoring the

proximal outflow system (ie, TM and SC), the distal

system (ie, collector channels and episcleral venous

system) may still be fully patent in the young but not in

the elderly glaucoma patient.

The complication rate is inherently low in

canaloplasty,14,15 as it is not only a non-penetrating but

also a bleb-independent procedure. This is also reflected

in this study. Bleb-associated problems and hypotony are

virtually non-existent. Suture ‘cheese wiring’ into the

anterior chamber during and after surgery was not a

frequent complication in canaloplasty, possibly resulting

from the underestimated tensile strength of the TM. We

did not find any difference in the frequency of cheese-

wiring between the 6–0 and 10–0 Prolene group, thereby

indicating that neither the thickness nor the elasticity of

Prolene sutures36,37 may be relevant for this adverse

event.

In conclusion, canaloplasty was an effective method to

lower IOP in patients with POAG. The use of 10–0

Prolene seems to enhance the success rate and resulted in

a lower IOP than with 6–0 Prolene, possibly because of

better distension of the canal. Further, patients of

younger age at surgery had a greater benefit from

canaloplasty than elderly patients in this series,

possibly owing to the functional state of the distal

outflow system.
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