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Purpose: To evaluate the surgical outcome of internal trabeculectomy by Kahook dual blade 
(KDB) with that of external trabeculotomy, each combined with phaco-lensectomy and 
intraocular lens implantation (Phaco).
Patients and Methods: This is a retrospective comparative study. The primary and 
secondary outcome measures are postsurgical intraocular pressure and postsurgical hyphema. 
One eye each of 76 primary open angle glaucoma (POAG), pseudoexfoliation glaucoma 
(PEG) and ocular hypertension (OH) patients underwent external phaco-trabeculotomy, and 
that of 40 POAG, PEG and OH patients underwent phaco-KDB surgery.
Results: Reduction of the intraocular pressure (IOP) by phaco-KDB at one and two years 
was 28.4 and 27.8%, respectively, and was not significantly different from that by external 
phaco-trabeculotomy of 32.7% (P=0.256) and 31.5% (P=0.468), respectively. Three months 
postsurgical IOP after phaco-KDB and external phaco-trabeculotomy was 16.1 and 15.9 
mmHg, respectively. There was a significant turn back elevation of once reduced IOP to 17.1 
(P=0.0207) and 17.0 mmHg (P=0.0096) at 24 months, respectively. There were no differ-
ences in success probability to achieve IOP below 17 mmHg (P=0.120), 21 mmHg 
(P=0.719) and >20% IOP reduction (P=0.309) with medication(s) at two years between 
the phaco-KDB and external phaco-trabeculotomy cohorts. Younger age was a significant 
(P<0.001) risk factor for failure; however, presurgical IOP (P=0.466), the type of surgery 
(P=0.219) and presence of postsurgical IOP spike (P=0.737) were not significant risk 
factors by the Cox proportional hazard model. Hyphema and spike of the IOP in phaco- 
KDB and external phaco-trabeculotomy cohorts were 40% and 88% (P<0.001), and 53% and 
41% (P=0.238), respectively.
Conclusion: The IOP reduction by the phaco-KDB was equivalent to that by external 
phaco-trabeculotomy up to two years. In both cohorts, once reduced postsurgical IOP tend 
to increase up to 24 months.
Keywords: MIGS, external trabeculotomy, Kahook dual blade, spike of IOP, Schlemm’s 
canal surgery

Introduction
In recent days, application of the internal canal surgery (minimally invasive 
Schlemm’s canal surgery; MISCS) is increasing in number as one of the minimally 
invasive glaucoma surgeries (MIGS). Trabectome,1 iStent,2 gonioscopy-assisted 
transluminal trabeculotomy,3 360 degree suture trabeculotomy,4 Kahook dual 
blade (KDB),5 Tanito micro hook6 and internal canaloplasty7 have all been reported 
as ab interno techniques, which are nontraumatic to conjunctiva, less time 
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consuming, and have lower chances of complications than 
external trabeculotomy or trabeculectomy.5,8 Because of 
these factors, internal canal surgery is increasingly 
employed in the world.9

The basic pressure lowering mechanism, that is to open 
the Schlemm’s canal, may be the same between MISCS 
and the external trabeculotomy. Thus, clinical characteris-
tics of the external trabeculotomy such as high efficacy to 
treat adult onset primary open angle glaucoma (POAG),10 

developmental glaucoma,11 steroid induced glaucoma,12,13 

glaucoma in old patients,14 and pseudoexfoliation glau-
coma (PEG)15 may be shared with MISCS. 
Characteristics of the external trabeculotomy such as low 
efficacy to achieve low teen intraocular pressure,16 and 
low success provability in patients with postoperative 
spikes of the intraocular pressure (IOP) and those with 
high preoperative IOP14 may also be shared with 
MISCS. However, there may be differences in the surgical 
wound between the MISCS and external trabeculotomy.

One of the worrisome issues concerning the surgical 
outcome of the MISCS is a re-elevation of once reduced 
IOP. Regeneration of destroyed trabecular meshwork or 
increase of the outflow resistance at the intrascleral col-
lector channel may occur and a turn back elevation of the 
once reduced IOP may occur in phaco-KDB cases. In this 
study, we compared the surgical outcome of the phaco- 
KDB and external phaco-trabeculotomy cases, studied 
prevalence of postsurgical spike of IOP and hyphema 
and studied postsurgical re-elevation of the IOP.

Patients and Methods
This is a retrospective comparative study. The study 
design was approved by an institutional review board of 
the Sensho-kai (Head, Mr Amano: approved as 2018-#8 
on 2018/12/3) and informed consent concerning data 
acquisition was obtained at the time of surgery from all 
patients. The study design complied with the tenet of the 
Declaration of the Helsinki.

Inclusion criteria for the study included diagnosis of 
primary open angle glaucoma (POAG), pseudoexfoliation 
glaucoma (PEG), and ocular hypertension (OH) in patients 
aged 40 years or older, combined with a clinically signifi-
cant cataract and indicated for surgical intervention 
because of high IOP or progression of the visual field 
defects. OH patients had a history of high IOP of 
21 mmHg or greater and open angle without any glauco-
matous optic neuropathy. POAG and PEG patients had 
glaucomatous optic neuropathy, open angle, and mild to 

moderate glaucomatous visual field defects. These patients 
had baseline presurgical IOPs between 18 mmHg and 39 
mmHg, underwent external phaco-trabeculotomy or 
phaco-KDB surgery, which was performed by one surgeon 
(EC) at the Sensho-kai Eye Institute and underwent fol-
low-up for more than six months. In this study, the pre-
surgical IOP was measured before prescription of eye 
drops or after washout of previously prescribed medicines, 
and this presurgical IOP without medication was set as 
a baseline IOP. Exclusion criteria included secondary glau-
coma except for PEG, eyes complicated with intraopera-
tive posterior capsular damage and/or vitreous loss, 
developmental glaucoma, primary angle closure glaucoma 
(PACG), and normal tension glaucoma (NTG). Patients 
with neuro-ophthalmological disease, uveitis, congenital 
disease, vascular disease, a history of trauma, corneal 
diseases and proliferative vitreo-retinal diseases also 
were excluded. No patients had a history of previous 
interventional surgery.

Before 2016, the surgical procedure selected was exter-
nal phaco-trabeculotomy. After introduction of MISCS in 
2016, phaco-KDB was the selected procedure instead. 
Visual field defects were studied utilizing the Humphrey 
Visual Field Analyzer (Carl Zeiss Meditec, Tokyo, Japan), 
and visual acuity was measured utilizing a CV 500 visual 
acuity tester (Takagi Co. Nagano, Japan).

In this study, one eye each of 40 phaco-KDB treated 
patients (25 POAG, 8 PEG, and 7 OH) who met the 
enrollment criteria were selected from 80 eyes of 73 
patients who underwent phaco-KDB between 
November 2016 and March 2020. If both eyes were eligi-
ble, the eye with the higher baseline IOP was selected for 
study inclusion. Based on the same criteria, one eye each 
from 76 patients (48 POAG, 13 PEG, and 15 OH) was 
selected from 153 eyes of 118 patients who underwent 
external phaco-trabeculotomy at the same institute before 
2016. These eyes served as a control.

The primary outcome measured in this study was the 
postsurgical IOP, measured by Goldmann applanation ton-
ometer. Postsurgical hyphema was studied as a secondary 
outcome measure.

After the surgery, spike of IOP and hyphema was 
examined for a week and if necessary, antiglaucoma regi-
mens were used to control the spike. Postsurgical short- 
term IOP elevation until two months after surgery was not 
counted as failure. The postsurgical IOP were studied at 
one week, one month, and three months, and thereafter the 
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time schedule to measure the IOP was every three months 
after surgery.

Three criteria for success were set for cumulative sur-
viving proportion (Kaplan–Meier) analysis. These criteria 
were IOP below 21 mmHg, below 17 mmHg, and IOP 
reduction of 20% or more of the baseline with or without 
medications at two consecutive visits after three months 
postsurgery without any additional glaucoma surgery. Log 
rank test was performed to assess difference between the 
two cohorts within 24 months. Mann–Whitney U-test was 
used to compare the IOP at one week, one, three, six, 12, 
18, and 24 months postsurgery between the external 
phaco-trabeculotomy and phaco-KDB cohorts. 
Comparison between baseline IOP and IOP at one week, 
one, three, six, 12, 18 and 24 months postsurgery was 
analyzed by a Wilcoxon signed rank test. Turn back eleva-
tion of the IOP was assessed by comparing the IOP at 
three months with those at 18 months and 24 months. The 
Cox proportional hazard model was used to assess risk 
factors that affect the success probability to achieve 17 
mmHg under medication.

The correlation between magnitude of IOP reduction 
and presurgical IOP was assessed by Spearman’s rank 
correlation coefficient.

Postoperative hyphema was defined as blood pooling 
1 mm or higher in the anterior chamber. Postoperative IOP 
spike was defined as an increase of IOP by 5 mmHg or 
more relative to the baseline IOP. Differences in the occur-
rence of hyphema and IOP spikes between the cohorts was 
assessed by Fisher’s exact test. Results were considered 
significant with a P<0.05.

Surgical Procedures of the External 
Trabeculotomy and KDB Surgery 
Combined with Cataract Surgery
As a first step of external phaco-trabeculotomy, cataract 
surgery was performed as a first step, and trabeculotomy 
procedures followed techniques described previously.17 

A metal trabeculotomy probe (Inami Co., Tokyo, Japan) 
was inserted into the Schlemm’s canal and in-rotated to 
disrupt the inner wall of the Schlemm’s canal at superior 
120 circumferential degrees. Thereafter the scleral flap 
was secured to be watertight by five 10–0 nylons. 
Postsurgically, topical pilocarpine was applied for two 
weeks. Topical steroids (0.1% betamethasone) and anti-
biotics (ofloxacin) were administered four times per day 
for four weeks.

In the case of phaco-KDB, a corneal incision and 
creation of the continuous curvilinear capsulorhexis 
were the first step, that was followed by injection of 
viscoelastic material. Then, 120 to 150 degrees of the 
inferior trabecular meshwork was excised using a KDB 
(Japan Focus Ltd, Tokyo, Japan) under direct observa-
tion of the angle using a Hill’s Gonio lens (Ocular, RE 
Medical, Tokyo, Japan). The excised trabecular strip 
was removed by Gaskin’s forceps (Inami Co.), after 
which the eyes underwent phaco-lensectomy and IOL 
implantation, and irrigation by 400⨰ acetyl choline 
solution to induce miosis. Postsurgically, topical pilo-
carpine was applied for two weeks. Topical 
antibiotics (ofloxacin or gatifloxacin) and 0.1% beta-
methasone were used for four weeks after the KDB 
surgery.

Results
Demographic presurgery data for each cohort is listed in 
Table 1. There was no difference in age, refractive error, 
visual field defects, presurgical baseline IOP without med-
iation, however, cataracts were more significant in the 
external trabeculotomy cohort, and baseline visual acuity 
and number of topical medications of the external phaco- 
trabeculotomy cohort was inferior to that of phaco-KDB 
cohorts. Mean follow-up period for phaco-KDB and exter-
nal phaco-trabeculotomy were 18.2±10.1 and 41.4±38.4 
months, respectively. Difference in type of glaucoma 
between the two cohorts assessed by chi-squared test was 
not significant by p=0.968.

The baseline IOP without medication in phaco-KDB 
and external phaco-trabeculotomy cohorts were 24.0±4.3 
and 25.1±4.1 mmHg, which lowered to 17.2±2.5 (28.4 
±15.7% reduction) and 16.5±2.6 (32.7±14.5% reduction; 
P=0.256 by Mann–Whitney U-test) at one year, and 
17.1±2.8 (27.8±11.5% reduction) and 17.3.0±3.3 
mmHg (31.5±18.6% reduction; P=0.468 by Mann– 
Whitney U-test) at two years, respectively (Table 2). 
There was no statistical difference by Mann–Whitney 
U-test in presurgical IOP (P=0.147), postsurgical IOP 
at 12 months (P=0.245), and 24 months (P=0.608) 
between the two cohorts (Table 2).

The presurgical baseline IOPs of 24.0±4.3, and 25.1 
±4.1 mmHg in phaco-KDB and external phaco- 
trabeculotomy cohorts were significantly lowered at one, 
three, six, 12, 18, and 24 months as assessed by the 
Wilcoxon signed rank test. (Figure 1 and Table 2). The 
postsurgical IOP at one week after phaco-KDB surgery, 

Clinical Ophthalmology 2020:14                                                                                             submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
4361

Dovepress                                                                                                                                                Chihara and Chihara

http://www.dovepress.com
http://www.dovepress.com


which was 23.4±9.8, was higher than the IOP of 18.6 
±6.8 mmHg after external phaco-trabeculotomy (P=0.017 
by Mann–Whitney U-test, Table 2).

Difference in postsurgical IOPs between phaco-KDB 
and external phaco-trabeculotomy cohorts were not sig-
nificant at one month (P=0.659), three months 
(p=0.752), 12 months (P=0.245), 18 months (P=0.481) 
and 24 months (P=0.608) by the Mann–Whitney U-test, 
however small difference was found at six months 
(P=0.034) (Table 2). The lowest IOP after the external 
phaco-trabeculotomy and phaco-KDB was observed at 
three months and six months, respectively. After that, 
there was a mild but significant turn back elevation of 

the IOP in both cohorts. The IOP at 18 and 24 months 
were significantly higher than that of three months by 
P=0.0255 and 0.0207 for phaco-KDB, and P=0.0042 
and 0.0096 for external phaco-trabeculotomy eyes 
(Wilcoxon signed rank test), respectively (Table 2). 
Number of medications before surgery in phaco-KDB 
and external phaco-trabeculotomy cohorts were 2.4±1.4 
and 1.7±0.9, which decreased at three, 12, and 24 
months after phaco-KDB and external phaco- 
trabeculotomy to 1.1±1.0 (P<0.001 Wilcoxon signed 
rank test), 1.0±1.1 (P<0.001) and 1.0±0.9 (P=0.0207), 
and 0.5±0.7 (P<0.001), 0.7±0.9 (P<0.001) and 0.8±0.9 
(P<0.001), respectively. When the rate of IOP reduction 

Table 1 Baseline Data for Phaco-KDB and External Phaco-Trabeculotomy Cohorts

Age 
(years)

Preoperative BCVA 
Log MAR

Preoperative Ref 
Error (D)

Preoperative 
MD (dB)a

Baseline 
IOP

Preoperative 
Meds

Phaco-KDB N 40 40 40 39 40 40

Mean ±SD 73.9±8.1 
(56–88)

0.185±0.301 
(−0.18–1.52)

−2.72±4.82 
(−18.4–5.12)

−8.46±7.93 
(−19.8–0.09)

24.0±4.3 
(18–39)

2.4±1.4 (0–5)

External phaco- 
trabeculotomy N

76 74 72 30 76 76

Mean ±SD 72.2±9.5 

(48–93)

0.468±0.473 

(−0.08–2.0)

−2.59±5.68 (−22 – 

4.5)

−7.94±6.78 

(−18.0–0.2)

25.1±4.1 

(18–37)

1.7±0.9 (0–4)

Mann–Whitney 

U P-value

0.380 <0.001 0.448 0.947 0.147 0.008

Notes: A range was shown in brackets. aVisual fields data studied by kinetic perimeter were deleted. 
Abbreviations: BCVA, best corrected visual acuity; logMAR, logarithmic minimum angle of resolution; D, diopters; dB, decibels; IOP, intraocular pressure; Baseline IOP, 
pre-surgical IOP without medication; meds, medication(s); Phaco, phacoemulsification aspiration and implantation of intraocular lens; KDB, Kahook dual blade surgery.

Table 2 Time Course of IOP, Comparison Between Phaco-KDB and External Phaco-trabeculotomy Cohorts by Mann–Whitney U-test 
and Postsurgical Reduction of IOP Against Baseline IOP and IOP at Three Months Evaluated by Wilcoxon Signed Rank Test

Baseline 
IOP

1 
Week

1 
Month

3 
Months

6 
Months

12M 18M 24M

Phaco-KDB N 40 40 40 40 39 27 19 13

Phaco-KDB (mmHg) 24.0±4.3 23.4±9.8 16.2±3.5 16.1±4.5 15.2±2.7 17.2±2.5 16.5±2.1 17.1±2.8

Wilcoxona P-value evaluated against baseline IOP 0.464 <0.001 <0.001 <0.001 <0.001 <0.001 0.0015

Wilcoxona P-value evaluated against IOP at 3 months P=0.175 P=0.003 P=0.0255 P=0.0207

External phaco-trabeculotomy N 76 71 76 75 70 63 55 53

External phaco-trabeculotomy (mmHg) 25.1±4.1 18.6±6.8 16.0±3.4 15.9±3.4 16.6±3.5 16.5±2.6 16.9±2.6 17.0±3.3

Wilcoxona P-value evaluated against baseline IOP <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 P<0.001

Wilcoxona P-value evaluated against IOP at 3 months P=0.446 P=0.1213 P=0.0042 P=0.0096

Mann–Whitney U-testb P-value between phaco-KDB 

and external phaco-trabeculotomy

0.147 0.017* 0.659 0.752 0.034* 0.245 0.481 0.608

Notes: Patients were followed for more than six months, however, data was blank when they did not visit. aWilcoxon signed rank test. bMann–Whitney U-test. *Significant 
by P<0.05. 
Abbreviations: IOP, intraocular pressure; Baseline IOP, presurgical IOP without medication; Phaco, phacoemulsification aspiration and implantation of intraocular lens; 
KDB, Kahook dual blade surgery.
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at six and 12 months was compared with the baseline 
IOP by Spearman’s rank correlation coefficient, the effi-
ciency to reduce IOP was high when the baseline IOP 
was high in both the phaco-KDB and external phaco- 
trabeculotomy (Tables 3 and 4). The correlation 
coefficient between the baseline IOP and rate of IOP 
reduction at six and 12 months was significant by 
P<0.001 in both the phaco-KDB and external phaco- 
trabeculotomy cases. While association between presur-
gical baseline IOP and postsurgical IOP at 12 months 
was not significant, that was P=0.518 for phaco-KDB 

cases and P=0.700 for external phaco-trabeculotomy 
cases (Tables 3 and 4).

Cumulative surviving proportion (Kaplan–Meier) 
analysis to achieve IOP <17 mmHg, IOP < 21 mmHg, 
and >20% IOP reduction with medication in each cohort 
is shown in Figure 2A–C. The success probability to 
achieve IOP < 17mmHg, and <21 mmHg, >20% IOP 
reduction at one year in phaco-KDB and external phaco- 
trabeculotomy cohort were 0.702±0.077 and 0.572 
±0.059, 0.895±0.050 and 0.944±0.027, and 0.773 
±0.067 and 0.780±0.048, respectively. The success 

Figure 1 Pre- and postsurgical intraocular pressure after external phaco-trabeculotomy and phaco-KDB surgeries. There was a statistically significant IOP reduction from 
the baseline in both cohorts by Wilcoxon signed rank test. Postsurgical IOP at one week was higher in the phaco-KDB than external phaco-trabeculotomy (Phaco-Lot) eyes 
by the Mann–Whitney U-test (P=0.017). The lowest postsurgical IOP was recoded at three to six months, thereafter mild but statistically significant turn back elevation of 
IOP was recoded. The IOP at 18 months and 24 months were significantly higher than that at three months in each cohort (P by Wilcoxon signed rank test; Table 2).

Table 3 Matrix Table of Spearman’s Rank Correlation Coefficient Between Baseline IOP, Rate of Postsurgical IOP Reduction and IOP 
at Six and 12 Months in Phaco-KDB Eyes

Baseline 
IOP

IOP at 6 
months

% IOP Reduction 6 
months

IOP at 12 
months

% IOP Reduction 12 
months

Baseline IOP – 0.908 <0.001 0.518 <0.001
IOP at 6M – <0.001 0.026 0.163

% IOP reduction 6M ** ** – 0.042 <0.001

IOP at 12 M * * – <0.001
% IOP reduction 12 M ** ** ** –

Notes: Baseline IOP is a presurgical IOP measurements without medication. *Significant by P<0.05. **Significant by P<0.01.
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probability in phaco-KDB and external phaco- 
trabeculotomy cohort and log rank test P-value at 
two years were 0.606±0.093 and 0.472±0.061 

(P=0.120), 0.895±0.050 and 0.910±0.035 (P=0.719), 
and 0.565±0.094 and 0.682±0.057 (P=0.309), respec-
tively (Figure 2). There was no difference in the success 

Table 4 Matrix Table of Spearman’s Rank Correlation Coefficient Between Baseline IOP, Rate of Postsurgical IOP Reduction and IOP 
at Six and 12 Months in External Phaco-Trabeculotomy Eyes

Baseline 
IOP

IOP at 6 
months

% IOP Reduction 6 
months

IOP at 12 
months

% IOP Reduction 12 
months

Baseline IOP – 0.623 <0.001 0.700 <0.001

IOP at 6 months – <0.001 0.274 0.515
% IOP reduction 6 months ** ** – 0.435 <0.001

IOP at 12 months – < 0.001

% IOP reduction 12 months ** ** ** –

Notes: Baseline IOP is a presurgical IOP without medication. *Significant by P<0.05. **Significant by P<0.01.

Figure 2 (A–C) Cumulative surviving proportion (Kaplan–Meier) analysis to achieve three success criteria by the phaco-KDB and external phaco-trabeculotomy (Phaco- 
Lot) procedures: (A) Success probability to achieve IOP <17 mmHg with medication, (B) Success probability to achieve IOP <21 mmHg with medication, and (C) Success 
probability to achieve >20% IOP reduction with medication. By the log rank test, there was no statistical significance in the success probability to achieve <17 mmHg 
(P=0.120), <21 mmHg (P=0.719) and >20% IOP reduction (P=0.309) between the two cohorts.
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probability between the two cohorts for any of the three 
measures.

Postsurgical hyphema was found in 67 of 76 eyes 
(88%) after external phaco-trabeculotomy, this prevalence 
was higher than that within phaco-KDB cohort in which 
16 of 40 eyes (40%) had hyphema (P<0.001, Fisher’s 
exact test). In contrast to the high prevalence of the 
hyphema in external phaco-trabeculotomy cohort, the pre-
valence of IOP spike after phaco-KDB (21 of 40 eyes, 
53%) did not differ significantly from that after external 
phaco-trabeculotomy (30 of 76 eyes, 41%; P=0.238 by 
Fisher’s exact test). Also there was no difference between 
the height of IOP spike after phaco-KDB (38.0±10.1 
mmHg) and external phaco-trabeculotomy (35.3 
±8.9mmHg; P=0.415 by Mann–Whitney U-test).

Risk factors for failure to achieve IOP <17 mmHg with 
medication was analyzed using the Cox proportional 
hazard model (Table 5). Younger age was a significant 
risk factor for failure with P<0.001 (Table 5). While, 
a refractive error (P=0.307), a high presurgical IOP 
(P=0.466), the type of surgery (P=0.219) and presence of 
a postsurgical spike (P=0.737) were not risk factors to 
achieve IOP criteria of 17 mmHg (Table 5).

Discussion
Removal of the outflow resistance at the trabecular mesh-
work will lead to reduction of the IOP. However, one of 
the concerns is a mild but significant turn back elevation 
of the IOP after that. Mechanism of the turn back eleva-
tion of the IOP after MISCS may differ from that after the 
filtering surgery. There may be two mechanisms for an 
increase in the outflow resistance; one is healing pro-
cesses at the trabecular meshwork and the other is damage 
in the intrascleral collector channel. Regeneration and 
scaring of the angle tissue in both techniques may pro-
gress over years, and lead to higher IOP at 18 and 24 
months than those at three months in both the phaco-KDB 
and external phaco-trabeculotomy cohorts. In previous 

reports, re-elevation of IOP18 or increase in number of 
postsurgical medications after the canal surgery17 had 
been suggested without scientific analysis for the reasons.

In the case of trabeculotomy, the trabecular meshwork 
is opened like a single or double door by blunt trauma 
from the metal probe. This differs from KDB, in which the 
trabecular meshwork is internally excised by a knife. In 
case of trabeculotomy, postsurgical fusion of residual tra-
becular meshwork leaflets may lead to regeneration of the 
trabecular meshwork and subsequently may hamper aqu-
eous outflow. In previous studies, Dannheim et al and Ito 
et al reported that the histopathological canal opening by 
trabeculotomy was closed by granular tissue within four 
months after surgery.19,20 In case of KDB, meshwork 
tissue is removed, and trabecular septa21 may also be 
destroyed by the double blade, while excision of the mesh-
work by the KDB may lead to long-lasting opening of the 
canal. In spite of these differences, IOP reduction in the 
two cohorts and the success probability to achieve 17, 21 
mmHg and 20% IOP reduction by the cumulative surviv-
ing proportion (Kaplan–Meier) analysis were equivalent. 
Another factor which may affect the outcome is the mer-
idian of the excised meshwork. In this study the Schlemm 
canal opening by the external trabeculotomy was confined 
to the superior half of the eye, while the opening by KDB 
was confined to the inferior half. If the efficiency to drain 
aqueous was higher at inferonasal part of the collector 
channel,22 greater IOP reduction may be expected in 
KDB cases. While disadvantage of inferior canal opening 
may be clogging of inferior collector channels, which may 
counteract strength of the KDB. Postsurgical blood coa-
gula sink with gravity and may lead to obstruction of the 
inferior collector channel.

In this study, older age was a positive factor to reduce 
surgical IOP (Table 5). Association between age of 
patients and surgical outcome had been studied 
previously,23 and our finding is concordant with the results 
of a previous report.14 If the endothelium of the 

Table 5 Risk Factors Assessed by Cox Proportional Hazard Ratio to Achieve 17 mmHg Under Medication

Risk Factor χ2 P Hazard Ratio (Exp) Inferior Limit Superior Limit

Age 13.01 <0.001* 0.936 0.903 0.970
Refractive error 1.045 0.307 1.028 0.975 1.085

Baseline IOP 0.531 0.466 1.021 0.965 1.081

Procedures (KDB or LOT) 1.511 0.219 0.660 0.340 1.280
Spike Yes/No 0.113 0.737 1.099 0.634 1.905

Notes: Baseline IOP is a presurgical IOP without medication. *Statistically significant. 
Abbreviations: IOP, intraocular pressure; KDB, Kahook dual blade surgery; LOT, external trabeculotomy surgery.
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Schlemm’s canal decreases with age,24 and repair of 
damaged endothelial lining is poor in older patients, the 
canal opening may remain long and lead to good control of 
IOP in old patients.

Other than the healing processes at the trabecular 
meshwork, increase in the intrascleral outflow resistance 
may also participate in gradual increase in postsurgical 
IOP. Postsurgical IOPs were in the high teens for both 
types of canal surgeries. Even though Mäepea and Bill 
reported low intrascleral resistance of aqueous outflow,25 

the reduction in outflow resistance of cadaver eyes after 
complete removal of the trabecular meshwork is no more 
than 71%, which suggests the presence of intrascleral out-
flow resistance.26 Integrity of the collector channel is 
guarded by the trabecular meshwork which scavenge cell 
debris in the aqueous and blocks accumulation of extra-
cellular materials at the collector channel.27 When the 
collector channel connects directly with anterior chamber 
without any protection by the trabecular meshwork, cellu-
lar debris may flow into the collector channel and the 
intrascleral outflow resistance may increase over time.

We observed many cases with postoperative short-term 
hyphema in both cohorts, which could potentially clog the 
outlet and spike the IOP. Concerning the short-term com-
plications after surgery, one of the differences between two 
cohorts was a higher prevalence of hyphema in external 
phaco-trabeculotomy patients and the other difference is 
higher IOP in phaco-KDB patients one week after the 
surgery. In case of external phaco-trabeculotomy, the sur-
gical wound of a 4⨰4 mm scleral flap is greater than that 
created by KDB and may cause a greater risk of bleeding 
and wound leakage that counterbalance spike of IOP. It is 
plausible that postsurgical hyphema caused short-term 
higher IOP after watertight KDB surgery than the IOP 
after external trabeculotomy, which has a large and leaky 
scleral wound. In a previous report, effects of hyphema on 
long-term outcome of the canal surgery had been of 
concern.14 Bleeding associated fibrin reaction may cause 
obstruction of the collector channel and increase in the 
IOP. However, the postsurgical IOP in this study was not 
affected by the spike as analyzed by the Cox proportional 
hazard ratio model (Table 5). As was reported 
previously,28 effects of postsurgical hyphema and IOP 
spike may be short and only a minor factor on the final 
surgical outcome.

In this report, higher presurgical IOP was associated 
with greater IOP reduction in both the phaco-KDB and 
external phaco-trabeculotomy cohorts (Tables 3 and 4). In 

a previous study an increase of 1 mmHg in baseline IOP 
correlated to an additional IOP reduction of 0.80±0.02 
mmHg in the trabectome cases.29 Higher presurgical IOP 
is associated with a larger IOP reduction in the KDB 
cases30 and iStent cases.31 These characteristics are in 
accordance with previous results of the external trabecu-
lotomy study.32 If the pathogenesis of IOP elevation was 
attributed to increased resistance at the trabecular mesh-
work, it is reasonable that magnitude of IOP reduction by 
the canal opening is proportional to the height of presur-
gical IOP. However, there are some reports concerning 
positive association between presurgical IOP level and 
postsurgical IOP level.14 Eyes with high presurgical IOP 
may have higher outflow resistance at the intrascleral route 
and a risk of higher postsurgical IOP. So far as the current 
study is concerned, patients with high presurgical IOP 
were excluded by the inclusion criteria. This bias may be 
the reason why presurgical high IOP was not included in 
the risk factors for failure by the Cox proportional hazard 
model.

Conclusion
In conclusion, difference in surgical outcomes between 
external phaco-trabeculotomy and phaco-MISCS was 
small in this study. The surgical procedure of the external 
phaco-trabeculotomy is time consuming, has a high risk of 
hyphema, and has a turn back elevation of postsurgical 
IOP. Because of its simplicity in technique, phaco-MISCS 
may replace old type canal surgery. However, we must be 
careful that effects of the phaco-KDB may wane over 
time. If the postsurgical IOP elevates over time, strength-
ening of antiglaucoma treatment may be required after the 
MISCS.

Limitation of This Study
Number of antiglaucoma medications may affect the out-
come. The optimal situation to assess the effects of surgery 
is comparing the pre- and postsurgical IOP precisely under 
the same medications. In this study, baseline IOP was the 
measure without medication, while 0.5 to 1.1 antiglaucoma 
medications were used after the surgery. Use of eye drops 
might have affected postsurgical evaluation of the IOP. 
However, both the postsurgical medication(s) and IOP are 
increasing, the elevation of postsurgical IOP cannot be attrib-
uted to number of medications. In this study, follow-up time 
in some patients was short and reduction in number of 
patients to 13 at 24 months after phaco-KDB may be con-
cerned. However, the trends of IOP measure in eyes which 
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were followed for 24 months was quite similar to the trends in 
eyes which were followed for 12 months. Therefore, statis-
tical evaluation of 24 months data by 13 samples may not be 
so reckless. In this study, surgical procedures were converted 
in 2016, and this difference in time might have affected the 
results. The number of subjects in phaco-KDB was small in 
comparison to that in external phaco-trabeculotomy cohort. 
Future prospective, randomized control study on a large sam-
ple size will improve consistency of results.
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