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Purpose: The present study aimed to compare the outcomes of combined phacoemulsifica-
tion and 360-degree endocyclophotocoagulation with and without goniotomy using a Kahook 
Dual Blade in patients with glaucoma.
Patients and Methods: We enrolled 37 patients, 21 of whom underwent combined 
phacoemulsification with 360-degree endocyclophotocoagulation and goniotomy using 
a Kahook Dual Blade (tri-modal therapy (T-MT) group). The remaining 16 patients under-
went phacoemulsification with endocyclophotocoagulation (bi-modal therapy (B-MT) 
group). Visual acuity, intraocular pressure, and number of glaucoma medications were 
recorded before the study and postoperatively on the first day, at week 1, and at 1, 3, 6, 9, 
and 12 months. Surgical success was defined as an IOP ≤12 mmHg and ≥6 mmHg or an at 
least 20% reduction in IOP from baseline with (qualified success) or without medications 
(complete success).
Results: Forty-nine eyes were included. Baseline mean IOP was 16.96±3.66 mmHg and 
15.64±4.88 mmHg in the T-MT and B-MT groups (p=0.122), respectively. At the 12-month 
follow-up, mean IOP values were 11.44±2.15 mmHg and 12.45±1.90 mmHg (p=0.031) in 
the T-MT and B-MT groups, respectively. Complete success rates were 37% in the T-MT 
group and 31% in the B-MT group, while qualified success rates were 74% and 50%, 
respectively. Glaucoma medications decreased from 2.0±1.4 to 0.8±1.0 (p<0.001) in the 
T-MT group and from 1.5±1.3 to 1.0±1.5 in the B-MT group (p=0.032). Similar improve-
ments in visual acuity were observed in both groups. Complications were mild and resolved 
without intervention.
Conclusion: The tri-modal treatment is safe and may be more effective in reducing IOP and 
glaucoma medication requirements than bi-modal treatment.
Keywords: micro-incisional glaucoma surgery, glaucoma surgery, MIGS, trabecular 
meshwork

Introduction
Glaucoma and cataracts can co-occur in older adults, leading to irreversible and 
reversible blindness, respectively.1 The worldwide prevalence of primary open- 
angle glaucoma (POAG) for individuals between 40 and 80 years of age is 
3.54%, although rates as high as 4.20% have been reported in Africa. In 2013, an 
estimated 64.3 million people were living with glaucoma globally, with the number 
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expected to increase to 111.8 million by 2040.2 The natural 
history of both diseases is usually parallel, and glaucoma 
is the most common ocular comorbidity in patients with 
cataracts;3 therefore, there is increasing interest in treating 
both conditions with a single procedure to reduce intrao-
cular pressure (IOP), the unique treatable risk factor in 
patients with glaucoma.4,5

The standard filtering surgery procedure is associated 
with innumerable early and late complications,6,7 necessi-
tating the development of safer or minimally invasive 
procedures. Relevant studies have evaluated the efficacy 
of such procedures even in the early stages of glaucoma 
when control of IOP has not been attained using medical 
therapy.8,9

Cataract extraction as a standalone procedure improves 
visual acuity and reduces IOP. In their meta-analysis, 
Armstrong et al observed decreases in IOP in patients 
with OAG of at least 36 months (9% IOP reduction), 
with gradual loss of the initial result after 2 years.10 

Endocyclophotocoagulation (ECP) allows for direct visua-
lization of the ciliary processes and ablation of the pig-
mented ciliary epithelium, causing thermal damage to the 
non-pigmented ciliary epithelium, which reduces aqueous 
humor production in a more target-controlled manner. The 
procedure can be performed through the same clear cor-
neal incision used for phacoemulsification, which is why 
ECP can easily be performed during the same procedure in 
a safe and effective manner.11

The Kahook Dual Blade (KDB) (New World Medical, 
Rancho Cucamonga, CA, USA) safely reduces IOP via the 
creation of a goniotomy incision and removal of the patho-
logical trabecular meshwork, one of the main sites of 
resistance of conventional aqueous outflow, using 
a minimally invasive ab interno approach. The KDB is 
usually combined with cataract extraction through the 
same corneal incision. Short-term results in a prospective 
interventional case series of 71 eyes by Greenwood et al 
indicated that IOP had decreased from 17.4 mmHg to 12.8 
mmHg at the 6-month follow-up.12

Patients and Methods
We enrolled 60 randomly selected eyes of 47 patients. 
Thirty eyes were included in the tri-modal therapy 
(T-MT) group, 30 eyes were included in the bi-modal 
therapy (B-MT) group, and 11 eyes were excluded. Two 
eyes had previously undergone glaucoma surgery, five did 
not meet the minimum follow-up period criterion, and four 
had undergone previous selective laser trabeculoplasty 

within 6 months before surgery. Forty-nine eyes of 37 
patients remained for analysis.

Twenty-one patients underwent combined phacoemul-
sification, ECP, and goniotomy using a KDB (T-MT 
group), while 16 patients underwent phacoemulsification 
and ECP (B-MT group). All surgeries were performed by 
the same glaucoma surgeon (J.C.I.V) at the Instituto de 
Ojos Oftalmosalud from January 2017 to June 2018. The 
study was approved by the Ethics Committee of the 
Instituto de Ojos Oftalmosalud, in accordance with the 
Declaration of Helsinki. All patients provided written 
informed consent prior to enrolment.

Criteria for inclusion were as follows: uncontrolled mild 
and advanced POAG (Hodapp-Parrish-Anderson Glaucoma 
Grading Scale), cataracts, and use of two or more glaucoma 
medications. Uncontrolled glaucoma was defined as 
a change in at least two visual fields (Humphrey Field 
Analyzer, Zeiss, Jena/Germany) and/or a decrease in the 
retinal nerve fiber layer on spectral domain optical coherence 
tomography (sdOCT). Exclusion criteria were as follows: 
angle closure glaucoma, previous ocular glaucoma proce-
dures, corneal or retinal surgeries, and secondary glaucoma.

Preoperatively, all patients underwent a complete 
ophthalmic evaluation including assessments of visual 
acuity, biomicroscopy examinations, IOP measurements 
with a Goldmann applanation tonometer (average of three 
IOP readings from the last three visits for reference/baseline 
and one reading at postoperative visits), gonioscopy, and 
fundus examinations. Postoperative control was performed 
at the first day, at 1 week, and at 1, 3, 6, 9, and 12 months.

The primary outcomes evaluated were mean preopera-
tive and postoperative IOP and complete/qualified success 
rates. Complete success was established as an IOP ≤12 
mmHg and ≥6 mmHg or an at least 20% reduction in IOP 
from baseline without glaucoma medications. Qualified 
success was established as an IOP ≤12 mmHg and ≥6 
mmHg or an at least 20% reduction in IOP from baseline 
with glaucoma medications. Failure was defined as the 
need for additional glaucoma surgery or best-corrected 
visual acuity (BCVA) with no light perception at post-
operative follow-up. Secondary outcomes included the 
number of glaucoma medications, changes in BCVA, and 
descriptions of surgical or postoperative complications.

Surgical Technique
All patients underwent intracameral anesthesia and deep 
intravenous sedation. Standard phacoemulsification surgery 
was performed with capsular bag intraocular lens 
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implantation. An ECP endoscope (Endo Optiks®, Beaver- 
Visitec International, E2 Ophthalmic Laser Endoscopy 
System, Inc. Waltham, MA, USA) was inserted into the 
anterior chamber through a temporal clear corneal incision. 
Then, 360° diode laser ablation (power of 2,000 MW and 
duration of 0.20 ms) of the ciliary processes was performed 
until shrinkage and whitening had occurred. Care was taken 
to avoid damage to the tissue. Miosis was achieved with 
0.1 mL of 0.01% intracameral carbachol, which was applied 
through the same temporal corneal incision and at the same 
time as visualization of the angle using a goniolens (AVG; 
Surgical® Gonio Lens, Volk Alcon, Mentor, OH, USA) 
(Figure 1A). The KDB was then engaged to the pigmented 
trabecular meshwork (Figure 1B), following which it was 
advanced at 120° aligned to the wall of Schlemm’s canal 
(Figure 1C). Finally, corneal incisions were sutured with 
10–0 nylon, and all patients received 0.1 mL cefuroxime 
and intracameral diluted triamcinolone (50 mg/5 mL).

The postoperative regimen included topical administra-
tion of tobramycin (0.3%) and dexamethasone (1%) 
(Tobradex®) drops every 4 h for 15 days, pilocarpine 
(2%) (Pil, Sophia, México) drops every 6 h for 15 days, 
and nepafenac (0.1%) (Nevanac, Alcon, Belgium) every 
8 h for 15 days. In all cases, glaucoma medications were 
suspended at the time of surgery and resumed depending 
on the follow-up IOP.

Statistical Analysis
The R 3.6.0 version statistical package (https://www. 
r-project.org/) was used for statistical analysis. The 
exact Wilcoxon signed-rank test was used to compare 
changes in IOP, glaucoma medications, and BCVA 
between the groups. Pairwise comparisons were per-
formed between pairs of proportions with correction 
for multiple testing. The level of statistical significance 
was set at p<0.05.

Results
Baseline mean age was 69.1 ± 8.1 years in the T-MT group 
and 75.2 ± 6.5 years in the B-MT group (p=0.345). The 
T-MT group included 12 men (54.5%) and nine women 
(64.3%), while the B-MT group included 11 men (45.5%) 
and five women (35.7%). Ten right eyes and 17 left eyes 
were included in the T-MT group, while 12 right eyes and 
10 left eyes were included in the B-MT group. Baseline 
demographic characteristics were comparable between the 
groups, which exhibited no clinically significant differ-
ences in age, baseline IOP, or medications.

IOP
Mean IOP at baseline was 16.96 ± 3.66 mmHg in the T-MT 
group and 15.64 ± 4.88 mmHg in the B-MT group (p = 
0.122). At the 12-month follow-up, IOP was 11.44 ± 2.15 
mmHg (32.5% reduction) and 12.45 ± 1.90 mmHg (20.3% 
reduction) (p=0.031) in the T-MT and B-MT groups, respec-
tively. Decreases in IOP were significantly greater in the 
T-MT group (11.6 mmHg) than in the B-MT group (12.5 
mmHg) beginning from the 9-month follow-up (p=0.009).

At the 12-month follow-up, complete success was 
observed in 37% of eyes (10/27 eyes) in the T-MT group 
and 31% of eyes (7/22 eyes) in the B-MT group. Qualified 
success was observed in 74% of eyes (20/27 eyes) in the 
T-MT group and 50% of eyes in the B-MT group (11/22 
eyes). The failure rate at the 12-month follow-up was 7.4% 
(2/27 eyes) in the T-MT group and 9.0% (2/22 eyes) in the 
B-MT group. All patients who experienced failure required 
additional glaucoma surgery (micropulse transscleral cyclo-
photocoagulation) to control IOP (Figure 2).

Glaucoma Medications
In the T-MT group, the mean number of medications 
was 2.0 ± 1.4. By the end of the follow-up period, this 
number had decreased to 0.8 ± 1.0 (p < 0.001), result-
ing in a 60% reduction. In the B-MT group, the mean 

Figure 1 Ab interno goniotomy with a Kahook Dual Blade. (A) Visualization of angle structures with a surgical angle lens. (B) The KDB was engaged in the pigmented 
trabecular meshwork and then advanced at 120° parallel toward the wall of Schlemm’s canal. (C) Blood reflux in the angle at the end of the procedure. 
Abbreviations: ECP, endoscopic cyclophotocoagulation; KDB, Kahook Dual Blade.
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number of medications was 1.5 ± 1.3. Again, by the 
end of the follow-up period, this number had decreased 
to 1.0 ± 1.5 (p = 0.032), resulting in a 33% reduction. 
In addition, the percentage of patients without any 
glaucoma medications at the last follow-up was 59% 
in the T-MT group and 44.1% in the B-MT group 
(Figure 3).

Visual Acuity
Before surgery, visual acuity was 0.36 ± 0.19 LogMAR in 
the T-MT group and 0.26 ± 0.44 LogMAR in the B-MT 
group (p=0.706). By 12 months, these values had changed to 
0.21 ± 0.41 LogMAR and 0.19 ± 0.19 LogMAR in the T-MT 
and B-MT groups (p=0.430), respectively. Both groups 
exhibited significant improvements in mean visual acuity 

Figure 2 Comparison of mean IOP over time in the T-MT and B-MT groups. The figure shows a reduction in IOP at every visit during the 12-month follow-up. 
Abbreviations: T-MT, tri-modal therapy; B-MT, bi-modal therapy; IOP, intraocular pressure.

Figure 3 Comparison of number of glaucoma medications over time in the T-MT and B-MT groups. The figure shows a decrease in the number of glaucoma medications at 
every visit and during the 12-month follow-up. 
Abbreviations: T-MT, tri-modal therapy; B-MT, bi-modal therapy.
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from baseline to the 12-month follow-up. This improvement 
was more significant for the T-MT group (p<0.001) than for 
the B-MT group (p=0.049). However, no significant differ-
ences in mean visual acuity were observed between the 
groups at the 12-month follow-up (p=0.430) (Figure 4).

Complications
Overall, unfavorable events were self-limiting and non-sight 
-threatening. IOP spikes were found in 3/27 eyes (11.11%) 
in the T-MT group and 7/22 eyes (31.81%) in the B-MT 
group. Corneal edema within the first postoperative week 
occurred in seven eyes of the T-MT group (25.92%) and four 
eyes of the B-MT group (18.18%), although this resolved 
within a week in all cases. Hyphema (<1 mm) was more 
frequently observed in the T-MT group than in the B-MT 
group (10 eyes, 37.03%). Corneal keratitis and posterior 
capsular opacification were observed in one eye (4.55%) of 
the T-MT group and four eyes (18.18%) of the B-MT group. 
No adverse events or complications required additional sur-
gery during the 12-month follow-up period.

Discussion
ECP and ab interno goniotomy are complementary treatments 
that reduce aqueous humor production and increase aqueous 
humor drainage in order to control IOP in patients with 
POAG. Both procedures are easily performed when combined 
with cataract surgery, as they can be completed through the 
same clear corneal incision.13 In the present study, we 

observed a clinically significant difference in IOP reduction 
between the T-MT and B-MT groups at the 9- and 12-month 
follow-up visits. Decreases in IOP after 9 months may be 
related to the process of wound healing at the site of the 
goniotomy. More specifically, such differences may be attri-
butable to remodeling and gradual degradation of the extra-
cellular matrix and the formation of mature collagen14 in 
Schlemm’s canal, which would in turn permit better drainage 
of the aqueous humor. Slabaugh et al15 demonstrated that 
greater anterior chamber depth, older age, and preoperative 
IOP were the factors most strongly linked to lower postopera-
tive IOP.

Francis et al compared combined ECP and cataract 
extraction versus cataract extraction alone, reporting IOP 
decreases of 13.6±15.6% and 5.1±10.4% at the 36-month 
follow-up, respectively.16 In the present study, we 
observed a 20.3% decrease in IOP in the B-MT group at 
the 12-month follow-up. Additional, longer-term studies 
are required to investigate the causes of lower efficacy 
over time given reports regarding increases in 
regeneration17 and re-perfusion18 of ciliary processes.

Smith et al19 reported that IOP decreased from 18.7 
mmHg preoperatively to 13.3 mmHg and 14.0 mmHg at 1 
and 3 years postoperatively in a patient treated with phacoe-
mulsification and ECP, respectively. Siegel et al20 also 
reported an approximately 20% reduction in IOP at the 36- 
month follow-up in patients treated with combined phacoe-
mulsification and ECP. In their study, the reduction was 

Figure 4 Comparison of best-corrected visual acuity (BCVA) in both groups over time. The figure shows the changes in BCVA during the study period for both groups. 
Abbreviation: BCVA, best-corrected visual acuity.
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observed from the 6th to 36th month of follow-up, and the 
number of glaucoma medications decreased from 1.3 to 0.2.

Of the few studies that have investigated the KBD, all 
have utilized it in combination with phacoemulsification. 
Dorairaj et al21 studied 12-month outcomes in 52 patients 
treated with phacoemulsification and KBD, reporting 
a 26.2% reduction in IOP and a 50% reduction in the 
number of glaucoma medications.

Clement et al22 studied outcomes following phacoe-
mulsification and 270–360º ECP in patients with OAG. 
In their patients, IOP decreased from 20.80±-5.61 
mmHg to 16.26±5.41 mmHg, and success was defined 
as an IOP decrease of 20% from baseline, with IOP 
values ranging from 6–21 mmHg in 55% of patients at 
the 12-month follow-up. The most common complica-
tion reported by Smith et al20 was cystoid macular 
edema (8.4%), an inflammation-related complication 
not observed in our study. In fact, none of our patients 
experienced fibrinous uveitis or inflammation, which 
may be attributable to the use of intracameral steroids 
at the end of the procedure.

Weiner et al23 investigated outcomes in patients who 
underwent cataract surgery with and without ab interno 
trabeculectomy. IOP had decreased by 3, 4, and 20 hours 
later. Furthermore, the procedure was associated with 
a decrease in IOP spikes and an increase in hyphema 
rates, similar to findings observed in the present study.

Conclusion
Combined phacoemulsification and ECP with ab interno 
goniotomy is a safe and effective procedure that can 
decrease IOP spikes and reduce IOP as well as glaucoma 
medication requirements in patients with POAG, when 
compared to findings observed for phacoemulsification 
and ECP without ab interno goniotomy. Our findings 
may be of clinical significance for patients with glaucoma 
requiring further decreases in IOP, as they may benefit 
from minimally invasive glaucoma surgery combined 
with phacoemulsification.

Abbreviations
T-MT, tri-modal therapy; B-MT, bi-modal therapy; MIGS, 
minimally invasive glaucoma surgery; OAG, open-angle 
glaucoma; IOP, intraocular pressure; ECP, endoscopic 
cyclophotocoagulation; KDB, Kahook Dual Blade; 
BCVA, best-corrected visual acuity; LogMAR, logarithm 
of the minimum angle of resolution.
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