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ORIGINAL RESEARCH

Canaloplasty is a bleb-independent ab interno Schlemm’s canal 
filtration surgery, it lowers the IOP through viscodilation of Schlemm’s 
canal, which increases the outflow of aqueous humor through the 
physiologic drainage pathways.5 It consists of performing a 360° 
cannulation of Schlemm’s canal using a 10–0 Prolene thread and leaving 
a tension suture with viscoelastic to provide inward distension of the 
canal, providing a better aqueous filtration. The patency of the canal, 
which can be measured postoperatively by ultrasound biomicroscopy, 
seems to correlate with the extent of IOP reduction.6 Moreover, 
the aqueous humor outflow through the uveoscleral pathway may 
be enhanced through an increase in the conjunctival microcysts 
seen on confocal laser scanning microscopy.7 Several studies have 
demonstrated the efficacy and safety of canaloplasty and have 
demonstrated comparable results.6,8,9

In t r o d u c t i o n

Glaucoma is the leading cause of irreversible blindness and 
the second most common cause of irreversible moderate to 
severe vision impairment worldwide in those aged 50 years 
or older, with 3.6 million cases and 4.13 million cases reported 
in 2020, respectively.1 Although its pathophysiology has not 
been fully elucidated; disease progression is known to be 
halted or delayed by lowering the IOP.2 IOP is regulated by 
aqueous humor production by the ciliary body and aqueous 
humor outflow primarily in the region of Schlemm’s canal. The 
trabecular meshwork (TM) and the inner wall of Schlemm’s canal 
are the areas of greatest resistance to aqueous outflow and, 
thus, are the target of ab externo trabeculectomy. Filtration 
surgery for the treatment of advanced glaucoma is considered 
as the gold standard for decades.3 It has shown high efficacy in 
the treatment of glaucoma, and unlike tube filtration surgery, 
it allows the titration of the IOP-lowering effect after surgery. 
However, it is limited by the potentially devastating short-term and 
long-term postoperative complications of traditional incisional 
glaucoma filtration surgery, including hypotony with secondary 
maculopathy or choroidal effusion, hyphema, bleb leak, blebitis, 
and endophthalmitis.3,4 Therefore, alternative surgical procedures, 
referred to as minimally invasive glaucoma surgeries (MIGS), have 
been developed to help lowering IOP in glaucoma patients and 
reduce their need for medical treatment while minimizing the 
risks of traditional glaucoma filtration surgeries. MIGS include 
bleb-forming surgeries or nonbleb-forming surgeries that either 
decrease the inflow or improve the trabecular or uveoscleral 
outflow of aqueous humor.4
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Ab s t r ac t
Aim: To report the efficacy of the revision of failed ab interno canaloplasty with micro-invasive suture trabeculotomy (MIST) over a follow-up 
period of 24 months.
Materials and methods: A retrospective analysis was performed on 23 eyes with open-angle glaucoma (OAG), on whom an ab interno canaloplasty 
revision with MIST was performed for glaucoma progression. The primary outcome was the proportion of eyes with a significant intraocular 
pressure (IOP) reduction at 12 months post trabeculotomy, defined as an IOP ≤ 18 mm Hg or ≥20% reduction in IOP without any secondary 
intervention (SI), and with the same or fewer number of glaucoma medications (NGM). All parameters, including best corrected visual acuity 
(BCVA), IOP, NGM, and SI, were evaluated at 1, 6, 12, 18, and 24 months.
Results: At 12 months, eight out of 23 eyes (36.4%) achieved complete success, maintained in six eyes (27.3%) at 24 months. A significantly 
lower mean IOP was recorded at all visits [14.3 ± 4.0 mm Hg at 24 months vs 23.1 ± 6.8 mm Hg at baseline (BL)] with a percent IOP change 
of up to 27.3% at 24 months postoperatively. NGM and BCVA did not significantly decrease from BL. A total of 11 eyes (47.8%) needed an SI 
throughout the follow-up period.
Conclusion: Ab interno trabeculotomy in patients with failed canaloplasty was not shown to be effective in providing a satisfactory control of 
IOP in OAG patients, possibly due to the small suture gauge used in the initial canaloplasty.
Clinical significance: Further research is needed to optimize the surgical outcome.
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target despite maximal topical therapy, after canaloplasty. Written 
consent was obtained preoperatively from all patients.

Eligibility criteria were the following: diagnosis of OAG with 
angle Shaffer grade ≥3, a canaloplasty of at least 180° and an ab 
interno suture trabeculotomy of at least 90°, 0-5 topical ocular 
hypotensive medications used pre ab interno suture trabeculotomy, 
with combination drops counted as the number of individual 
components. Patients were ineligible if they had a form of glaucoma 
other than OAG, preoperative IOP ≥ 40 mm Hg, or if they underwent 
any pressure-lowering procedures ≤6 weeks before trabeculotomy.

Patients were followed up over a 2-year period. Medical records 
were reviewed for demographic information, past medical history, 
preoperative, and postoperative ophthalmic exams. Results at 1, 6, 
12, 18, and 24 months postoperatively were reported at intervals 
recommended by the World Glaucoma Association in guidelines 
on the design and reporting of glaucoma surgical trials (2009). All 
eyes that required one or more additional glaucoma surgery after 
trabeculotomy were excluded from the analysis at every time 
point (Fig. 1).

The study followed the tenets of the Declaration of Helsinki 
and was approved by the Local Ethics Committee.

Preoperative Assessment
All patients underwent a complete ophthalmic exam, including 
measurement of BCVA, Goldmann applanation tonometry, 

In patients who do not develop a satisfactory response after 
canaloplasty, further surgical intervention can be performed. While 
some surgeons have opted for a traditional incisional filtering 
surgery (trabeculectomy or tube), some have suggested a MIST, 
a minimally invasive ab interno procedure complementary to the 
canaloplasty, consisting of pulling the 10–0 Prolene suture left 
in the Schlemm’s canal after canaloplasty, and creating a 360° 
trabeculotomy. MIST provided satisfactory IOP reduction in patients 
postcanaloplasty in at least two retrospective studies.10,11

The aim of the following retrospective study is to report the 
efficacy of ab interno canaloplasty revision with MIST in patients 
who have failed canaloplasty in our center, evaluating IOP reduction, 
NGM needed postoperatively, and the need for secondary surgical 
or laser intervention over a follow-up period of 24 months.

Mat e r ia  l s a n d Me t h o d s

Study Design
A retrospective analysis was performed on eyes with glaucoma, 
meeting eligibility criteria, on whom an ab interno canaloplasty, 
followed by an ab interno suture trabeculotomy were performed 
at l’Hôpital Maisonneuve-Rosemont, Montreal, Canada, between 
2013 and 2017. Patients were selected for ab interno suture 
trabeculotomy if they showed progression of glaucomatous 
damage on visual fields or repeatedly demonstrating an IOP above 

Fig. 1: Patient disposition throughout the study. Patients eligible for every follow-up visit were divided into eyes completing the visit and eyes 
missing the visit. The missing data due to a procedure not being done or a missed visit were treated as missing. Eyes undergoing a secondary 
surgical or laser procedure (SI) were excluded from the study at every analysis point
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The secondary outcomes were IOP, median percent change in 
IOP from preoperative BL, BCVA, NGM, and the need for an SI at 1, 
6, 12, 18, and 24 months post trabeculotomy.

Statistical Analysis
Statistical analysis was performed with the Statistical Package for 
the Social Sciences (SPSS) software (IBM SPSS Statistics, Version 27). 
Demographics and BL characteristics were analyzed with descriptive 
statistics [mean, maximum, minimum, and standard deviation (SD)]. 
Values were reported as a mean ± SD, with a 95% confidence interval 
(CI). The proportions for the primary binary outcome, corresponding 
standard errors, and confidence bounds at each time (1, 6, 12, 18, 
and 24 months) were calculated. The mean BCVA, IOP, NGM, and 
number of SI needed were calculated at each point in time and 
compared with BL using the student’s paired t-test with p-values 
< 0.05 considered to reflect a statistically significant difference. For 
eyes that required an SI, data after the SI was excluded from the 
analysis set; these eyes were treatment failures for binary endpoints. 
The missing data due to a procedure not being done or a missed 
visit were treated as missing. No imputation was carried out.

Re s u lts

Recruitment and Retention
This retrospective case series enrolled a total of 23 eyes of 
21 patients with OAG treated with micro-invasive 360° suture 
trabeculotomy after canaloplasty from 2013 to 2017 at l’Hôpital 
Maisonneuve-Rosemont, Montréal, Canada, and completed 
a 24-month follow-up. The mean age at trabeculotomy was  
58.4 ± 10.2 years, with 52.2% males and 47.8% females, and most 
eyes belonged to Caucasian patients (95.7%). All eyes had OAG, 
with 95.7% having primary OAG (POAG) and 4.3% of eyes having 
pigment dispersion syndrome (PDS).

BL Patient Characteristics
Baseline (BL) BCVA was 0.3 ± 0.4 logarithm of the minimum angle 
of resolution, BL NGM was 3.6 ± 0.8 (two to five medications), BL 
IOP 23.1 ± 6.8 mm Hg (13–39 mm Hg). The mean cup-to-disc ratio 
(C/D) was 0.84 ± 0.08 (0.70–0.95) (Table 1).

gonioscopy, biomicroscopy, and dilated fundus examination. The 
findings of this exam were considered BL in this study.

Surgical Technique
After the application of pilocarpine 2% drops, the ocular surface was 
anesthetized with tetracaine, and the eye was draped in the usual 
sterile fashion. A 23 G paracentesis was performed at the 6 o’clock 
position. Healon GV® (Johnson & Johnson Medical Corporation, New 
Brunswick, USA) was used to fill the anterior chamber to maintain its 
depth and to help control potential hemorrhage. The 23 G forceps 
were used to grab the 10–0 nonabsorbable polypropylene suture 
(Prolene, Ethicon, Johnson & Johnson Medical Corporation, New 
Brunswick, USA) already present inside Schlemm’s canal at the 
12 o’clock position. A Swan–Jacob gonio lens was used to assist in 
identifying its location. The suture was then removed gently with 
the forceps and pulled toward the anterior chamber, establishing 
a 360° trabeculotomy. The suture was then removed from the 
anterior chamber and Healon GV® was washed out along with 
possible blood (Fig. 2). Postoperatively, the patients were advised 
to refrain from any kind of physical effort and to keep the head 
elevated for 2 weeks.

The postoperative medication regimen included 1 week of 
topical moxifloxacin, one drop four times daily, and 2 weeks of 
pilocarpine 1%, one drop three times daily to prevent synechiae 
formation.

Outcome Measures
Data analysis was performed to evaluate BCVA, IOP, and the NGM 
over a 2-year period at 1, 6, 12, 18, and 24 months.

The primary outcome of this study was the success of the 
trabeculotomy, defined as an IOP ≤ 18 mm Hg or ≥20% reduction 
in IOP compared to pretrabeculotomy measurements without 
any secondary surgical or laser intervention, and with the same 
or fewer NGM. The success of the procedure was defined by both 
an IOP target and an IOP percent reduction target to include 
patients who need better IOP control on fewer medications and 
patients with IOP above the target who need IOP reduction. An 
IOP of 18 mm Hg or below is deemed acceptable for preventing 
glaucoma progression for patients with mild disease,12 and a 20% 
reduction after an IOP-lowering intervention is the recommended 
primary effectiveness endpoint by the United States Food and 
Drug Administration guidance for industry: premarket studies 
of implantable MIGS devices. These endpoints were also used in 
other studies investigating the efficacy of ab interno trabeculotomy 
postcanaloplasty.13

Fig. 2: Intraoperative gonio-photograph of the open angle after removal 
of the 10-0 Prolene suture

Table 1:  Demographic and BL characteristics 

Variable All (N = 23)

Gender

  Female (n, %) 11 (47.80)
  Male (n, %) 12 (52.20)
Age at trabeculotomy (years, mean ± SD) 58.4 ± 10.2
Diagnosis

  POAG (%, n) 95.70 (22)
  PDS (%, n) 4.30 (1)
Race

  Caucasian (%, n) 95.70 (22)
  African American (%, n) 4.30 (1)
BCVA (Log MAR, mean ± SD) 0.3 ± 0.4
IOP (mm Hg, mean ± SD) 23.1 ± 6.8
NGM (mean ± SD) 3.6 ± 0.8

C/D (mean ± SD) 0.84 ± 0.08

BCVA, best corrected visual acuity; C/D, cup-to-disc ratio; IOP, intraocular 
pressure; NGM, number of glaucoma medications; PDS, pigment disper-
sion syndrome; POAG, primary open-angle glaucoma
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and it decreased to five eyes (21.7 ± 8.7%, 95% CI: 4.3–39.1%) at 
24 months postoperatively. Only one eye remained medication-free 
24 months post-suture trabeculotomy.

A total of 11 eyes (47.8 ± 10.6%, 95% CI: 26.1–69.6%) needed a 
secondary surgical or laser intervention at 24 months post-MIST 
throughout the follow-up period, detailed in Table 2. Out of the 
11 eyes undergoing SI, five eyes (45.5%) required the procedure 
6 months after MIST. At 24 months post-MIST, only one eye required 
an SI. BCVA was stable at all visits, with nonsignificant fluctuations.

Consequently, 11 eyes (36.4 ± 10.5%, 95% CI: 18.2–59.1%) of the 
patients achieved complete success at 12 months; the proportion 
was lower at 24 months, where only six eyes (27.3 ± 9.6%, 95% 
CI: 9.1–50.0%) of the patients maintained complete success (Table 3).

Di s c u s s i o n

Management of glaucoma presents multiple challenges at different 
stages of care: early diagnosis, selection of an adequate IOP target, 
choice of treatment modality, patients’ compliance to medical 
therapy, and regular follow-up. Compliance plays a substantial role 
in either the success or failure of treatment and is not easy to achieve 
because of the negative impact that the diagnosis and treatment 
of glaucoma have on the patient’s quality of life.11,12

The burden of medical therapy is alleviated by surgical 
procedures, where the treating physician aims at a better and 
more stable IOP reduction, with as fewest pressure-controlling 
medications as possible. MIGS can be performed early during the 
disease in selected patients, allowing better control of IOP with 
fewer medications and, consequently, better prevention of disease 
progression and improved quality of life, with a better safety profile 
compared to traditional incisional glaucoma surgery.4

Canaloplasty has shown comparable efficacy and a good safety 
profile in multiple studies.6,8,9 A follow-up study by Brusini showed 
that a mean IOP of 17.0 ± 4.2 mm Hg (42.2% IOP reduction) was 
achieved 1-week postcanaloplasty, with 86.2% of eyes maintaining 
IOP ≤ 21 mm Hg on an average of 1.3 ± 1.5 medications 4 years 
after surgery.9

In patients who do not develop a satisfactory response after 
canaloplasty, a MIST is a minimally invasive ab interno procedure 
that was suggested as complementary to the canaloplasty to 
optimize the surgical outcome, or in case canaloplasty does not 
provide satisfactory IOP reduction, which was proven to work 
in at least two retrospective studies. Among “nonresponders” to 
canaloplasty, MIST led to an IOP decrease to around 13.0 mm Hg 

Treatment Effectiveness
Primary effectiveness was defined as the proportion of all eyes 
achieving an IOP ≤ 18 mm Hg or ≥20% reduction in IOP from the 
preoperative BL while on the same or fewer ocular hypotensive 
medications as compared to BL and without the need for an SI for 
IOP control at 12 months postsurgery. Only eight out of 23 eyes 
(36.4 ± 10.5%, 95% CI: 18.2–59.1%) achieved success.

The mean IOP, BCVA, and NGM at each visit were compared to the 
BL. A significantly lower mean IOP was recorded at all visits (p < 0.05),  
reaching 17.5 ± 5.8 mm Hg at 12 months and 14.3 ± 4.0 mm Hg at 
24 months, compared to 23.1 ± 6.8 mm Hg preoperatively (Fig. 3).  
The percent IOP change was 16.4 ± 49.9% 1 month postoperatively 
and increased to 27.3 ± 36.8% at 24 months postoperatively.

The NGM prior to surgery was 3.6 ± 0.8, decreased to 3.2 ± 
1.5 at 12 months, and 3.3 ± 1.6 at 24 months postoperatively, but 
the decrease was not statistically significant, except at 1 month 
postoperatively, where the number of medications dropped to  
3.2 ± 1.1. At 12 months, the number of eyes needing the same or 
fewer NGM after MIST was nine (40.9 ± 10.3%, 95% CI: 22.7–59.1%), 

Fig. 3: Whiskers and box plot showing the IOP at BL and at follow-up 1, 6, 12, 
18, and 24 months post trabeculotomy. The box plot represents the values 
falling in the interquartile range, between the 25th and 75th percentile, 
while the low and high whiskers represent the values falling below the 
25th percentile and above the 75th percentile, respectively. The outliers 
are represented by the circles. The line dividing the box plot represents the 
median value. The asterisks represent a statistically significant difference 
between the mean IOP at the follow-up visit compared to BL (p ≤ 0.05)

Table 2:  Secondary surgical or laser interventions that patients underwent after every follow-up visit

Visit

SI

Total
(n, %)

Surgical procedure Laser procedure

Needling MIGS NPGS TR SLT CPC

1 month 3 0 0 0 0 0 3 (27.3)

6 months 1 0 2 1 1 0 5 (45.5)

12 months 0 1 0 0 0 1 2 (18.2)

18 months 0 0 0 0 0 0 0 (0.0)

24 months 0 0 0 0 0 1 1 (9.1)

Total (n, %) 4 (36.4) 1 (9.1) 2 (18.2) 1 (9.1) 1 (9.1) 2 (18.2) 11 (100)

CPC, cyclophotocoagulation; MIGS, minimally invasive glaucoma surgery; NPGS, Nonpenetrating glaucoma surgery; SLT, selective laser trabeculoplasty; 
TR, tube revision
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