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Purpose: To evaluate the effect of trabeculectomy (Trab MMC) on visual field (VF) progression in eyes with glaucoma and high 
myopia.
Patients and Methods: Patients diagnosed with primary open-angle glaucoma or exfoliation glaucoma who underwent Trab MMC 
as the first glaucoma surgery along with ≥3 VF tests preoperatively and postoperatively were enrolled. High myopia was defined as an 
axial length ≥26.5 mm. Postoperative reductions in intraocular pressure (IOP) were assessed by survival analysis using IOP 
measurements obtained preoperatively. The longitudinal trends of the outcome measures were evaluated using linear mixed models.
Results: Thirty-five eyes of 32 patients were included in this study, including 22 eyes of 20 patients in non-highly myopic group and 
13 eyes of 12 patients in highly myopic group. IOP decreased after Trab MMC, and the survival rate did not differ significantly in 
relation to axial length. Linear mixed-model analyses suggested that the inhibitory effects of Trab MMC on the rate of mean deviation 
(MD) changes were significant in the non-highly myopic group (−0.53 ± 0.15 dB/year preoperatively to −0.16 ± 0.13 dB/year 
postoperatively; P = 0.004), but not in the highly myopic group (−0.66 ± 0.19 dB/year preoperatively to −0.48 ± 0.18 dB/year 
postoperatively; P = 0.32).
Conclusion: Trab MMC reduced IOP in both highly myopic and non-highly myopic eyes, and IOP reduction was very similar in both 
groups. The VF deterioration rate decreased in both groups, but the change was weaker and nonsignificant in the highly myopic group.
Keywords: glaucoma, myopia, trabeculectomy, glaucoma progression

Introduction
Over the past few decades, a considerable number of studies have evaluated the relationship between glaucoma and 
myopia, and myopia is known to be a risk factor for the development of glaucoma.1–3 A meta-analysis of 11 population- 
based studies by Marcus et al reported that the pooled odds ratio between low myopia and glaucoma was 1.65 and that 
between high myopia and glaucoma was 2.46.4 However, the influence of myopia on glaucoma progression remains 
debatable; some recent studies have shown that myopia is a protective factor against glaucoma progression,5–7 whereas 
others concluded that the opposite is true.8–10 A few studies also indicated that the effect of myopia was not significant on 
either direction.11

In addition to showing visual field (VF) deterioration, glaucoma with myopia has been also reported to be associated 
with a higher risk of cecocentral VF loss in early stages.12,13 VF defects in the central VF directly affect the quality of 
vision, and thus can be a driving force alongside the VF deterioration rate for the initiation of early surgical treatments, 
such as trabeculectomy with mitomycin C (Trab MMC), in treating glaucoma with myopia.

Trab MMC is a primary surgical option for glaucoma in adults that can lower intraocular pressure (IOP) and protect 
VF progression. Although the effect of Trab MMC has been shown repeatedly,10,14,15 only a few attempts have been 
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made to investigate the effect of this glaucoma treatment for patients with high myopia. A previous study by Tanaka et al 
showed that the IOP-lowering effect of Trab MMC was similar in highly myopic and non-highly myopic eyes with 
glaucoma, but they did not analyze the influence of these effects on VF progression.16 Since eyes with high myopia tend 
to show a unique progression of VF, as described above, and characteristic structural findings such as tilted disc or 
peripapillary atrophy (PPA) are observed,17 similar IOP-lowering effects may not directly imply similar abilities to 
protect against VF loss. Therefore, in this study, we evaluated the effects of Trab MMC on the VF deterioration rate and 
compared the results between highly myopic and non-highly myopic eyes.

Methods
Patients
This retrospective study adhered to the tenets of the Declaration of Helsinki and was approved by the Institutional 
Review Board and Ethics Committee of Kyoto University Graduate School of Medicine (approval number: R2652). 
Written informed consent was waived because of the retrospective design of this study, instead we have publicly 
disclosed this retrospective research on the treatment outcomes of glaucoma on our faculty’s website, also providing 
the subjects an opportunity for opt-out. Under this condition, the Institutional Review Board and Ethics Committee of 
Kyoto University Graduate School of Medicine approved the waiver of informed consent. Patient data were stored and 
handled safely and securely to ensure patient confidentiality in this study. We retrospectively enrolled patients who met 
the following inclusion criteria: diagnosed with primary open-angle glaucoma or exfoliation glaucoma by gonioscopy, 
underwent Trab MMC as the first glaucoma surgery between January 2009 and February 2018 at Kyoto University 
Hospital, and had undergone 3 or more VF tests with reliable results using a Humphrey Visual Field Analyzer (HFA; Carl 
Zeiss-Meditec, Dublin, CA, USA) using the 24–2 or 30–2 SITA standard testing protocol each preoperatively and 
postoperatively in our hospital. Eyes with prior or ongoing uveitis, history of ocular trauma, neovascularization of the 
iris, macular diseases that can influence visual acuity (eg, retinal vein occlusion, diabetic retinopathy), previous refractive 
surgery or intraocular surgery other than cataract surgery, aphakia, neurologic diseases that can influence visual acuity 
(eg, pituitary tumor) were excluded.

Primary open-angle glaucoma was diagnosed if the following 3 findings were present: (1) Glaucomatous cupping of 
optic disc such as notch formation or retinal nerve layer defects detected by fundus photography or optical coherence 
tomography (OCT); (2) Glaucomatous VF defects, defined according to Anderson and Patella’s criteria (a cluster of 3 or 
more points in the pattern deviation plot within a single hemifield [superior or inferior] with a P value < 5%, one of 
which must have a P value < 1%);18 and (3) An open angle observed on gonioscopy.

Data Collection
Data on the age at operation, sex, diagnosis, axial length, and presence of combined cataract surgery were collected from 
clinical records. IOP measurements were obtained just before surgery and at 1 month, 3, 6, and 12 month(s) after surgery.

Baseline examinations included evaluations of best-corrected visual acuity (BCVA; decimal visual acuity measured 
by Landolt C), refraction (ARK-530A; Nidek, Gamagori, Japan), IOP measurements using Goldmann applanation 
tonometry, central corneal thickness (SP-3000; Tomey, Tokyo, Japan), gonioscopy including anterior chamber angle, 
axial length measurements using ocular biometry (IOL Master; Carl Zeiss Meditec), slit-lamp biomicroscopy, stereo-
scopic optic disc photography (3-Dx simultaneous stereo disc camera; Nidek, Gamagori, Japan), Spectralis HRA+OCT 
(Heidelberg Engineering, Heidelberg, Germany), and VF tests using HFA. For both 24–2 and 30–2 examinations of HFA, 
the mean of the total deviation (TD) of the test point corresponding to 24–2 was treated as the mean deviation (MD) of 
the 24–2 examination. Only reliable results (less than 20% fixation losses, 15% false-positive responses, and 15% false- 
negative responses) were included. High myopia was defined as an axial length ≥26.5 mm,19,20 and the patients were 
divided into 2 groups (highly myopic and non-highly myopic groups).
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Trabeculectomy
Trab MMC was performed by 4 surgeons (TA, TK, HN, or MH). As previously described (Supplement Figure 1);16 after 
topical anesthesia, a fornix-based flap of the conjunctiva and Tenon capsule was created by limbal peritomy at the 
superonasal or superotemporal quadrant. Sub-Tenon anesthesia was administered at the counter quadrant. Bipolar 
diathermy was used for hemostasis when needed. A 4×4 mm partial thickness rectangular scleral flap was created, and 
MMC (0.4 mg/mL, 0.04%) was applied to the scleral flap and sub-Tenon capsule space with surgical sponges for 3 to 4 
min. The area was then irrigated with 200 mL of balanced salt solution. Phacoemulsification with intraocular lens (IOL) 
implantation was performed after the irrigation if combined with Trab MMC. A second 3 × 4-mm deep rectangular 
scleral flap was constructed, which was removed with the trabecular block followed by a peripheral iridectomy. The first 
scleral flap was sutured using 10–0 nylon. The number, position, and tension of the sutures were individualized for each 
case to provide adequate leakage of the aqueous fluid. The fornix-based flap of the conjunctiva and Tenon capsule was 
closed with 10–0 nylon and anchored at the limbus.

All patients received topical antibiotics and topical steroids for 1 to 3 months after the surgery. The 10–0 nylon 
sutures anchoring the conjunctiva and Tenon capsule to the limbus were removed approximately 1 month after the 
surgery. Postoperative interventions, such as digital ocular massage, laser suture lysis, and anterior chamber reformation, 
were done based on the IOP, conjunctival bleb shape, anterior chamber depth, and presence/absence of complications. If 
a postoperative IOP elevation was due to insufficient filtration, laser suture lysis was applied after a lack of response to 
digital massage. If the high IOP persisted, needling was performed in the operating room. MMC was used in some cases 
according to surgeon’s discretion. If the high IOP could not be reduced by these procedures, bleb revision surgery was 
performed in the operating room. Topical antiglaucoma medications were restarted according to decision of the 
consulting doctor.

Definition of Success
We conducted a survival analysis for IOP according to the consensus for the definition of success and the guidelines on 
the design and reporting of glaucoma surgical trials.

Postoperative IOP was assessed on the basis of the probability of success in the Kaplan–Meier survival-curve 
analysis. We defined 3 success criteria (1, 2, and 3) according to the guidelines of the World Glaucoma Association 
and considered cases meeting all 3 criteria as successful: criterion 1, absence of reoperation (additional glaucoma 
surgery); criterion 2, postoperative IOP < 18, 15, or 12 mmHg (3 alternative limits); criterion 3, ≥20% reduction from 
baseline. For criteria 2 and 3, exceeding the limits on 2 consecutive visits was treated as failure. If the IOP was controlled 
under limit, needling and additional medication(s) were not defined as failure.

Statistical Analysis
A generalized estimating equation (GEE) was used to compare the means between the groups with and without high myopia. 
Each eye is considered to be dependent on an individual in the GEE framework. Differences in categorical parameters between 
the 2 groups were evaluated using Fisher’s exact test. Comparisons of success rates between the groups and identification of 
the relative risk of surgical failure were performed using Kaplan–Meier survival analysis and a mixed-effects Cox regression 
model using the “survival” and “coxme” packages in R (R Foundation for Statistical Computing, Vienna, Austria). In the 
mixed-effects Cox regression model, eyes were nested within patients as a random effect.

The longitudinal time trends of the outcome measures were evaluated using linear mixed models (LMMs) fitted with 
random intercepts and coefficients at both subject and eye levels. The following equation describes the corrections 
applied to the data.

Model A: Yijt = β0 + β1 × TIME + ζ0j + ζ1j×TIME + ζ0i|j + ζ1i|j×TIME + ɛijt,
where Yijt is the individual measurement at visit t; β0 and β1 are the fixed-effects coefficients; ζ0j and ζ1j are the 

random patient effects associated with the intercept and time slope, respectively; and ζ0i|j and ζ1i|j are the random effects 
associated with the inclusion of both eyes of a single subject. Model A was applied to the data before and after the 
surgery in each group.
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To compare the rate of MD change between the groups or between the preoperative and postoperative periods, we 
applied the following equation to all VF results in this study.

Model B: Yijt =β0 + β1 × TIME + β2 × group (high myopia or not) + β3 × surgery (before surgery = 0, after surgery =1) + 
β4 × group × surgery + β5 × TIME × group + β6 × TIME × surgery + β7 × TIME × group × surgery + ζ0j + ζ1j × TIME + ζi|j + 
ζ1i|j × TIME + ɛijt

Model B allowed evaluation of the extent of perioperative MD exacerbation (β3), the difference in perioperative MD 
exacerbation between the groups (β4), and the difference in the rate of MD change before and after surgery between each 
group using the results of β1, β5, β6, and β7.

All P-values presented are two-sided values. Statistical significance was defined as P < 0.05. All analyses were 
performed using R ver. 4.04 and SAS ver. 9.4 (SAS Institute, Inc., Cary, NC, USA).

Results
Thirty-five eyes from 32 patients were included in this study. During the period from 2008 to 2018, 97 eyes underwent 
Trab MMC as the first surgery for glaucoma at Kyoto University Hospital, of which 35 also underwent sufficient VF 
tests. The axial length of 22 eyes of 20 patients was shorter than 26.5 mm (non-highly myopic group), and that of 13 eyes 
of 12 patients was longer than 26.5 mm (highly myopic group). The observation period was 9.23 ± 3.07 years in the non- 
highly myopic group and 9.63 ± 2.84 years in the highly myopic group, 9.38 ± 2.88 years overall.

Table 1 shows the demographic and ophthalmic characteristics of the patients. The average patient age was 64.5 ± 
10.6 years in the non-highly myopic group and 58.9 ± 10.3 years in the highly myopic group. Only the number of eyes of 
patients with dyslipidemia differed significantly between the two groups (p=0.02). The findings of survival analyses of 

Table 1 Demographics of the Subjects in the Current Study

Total Non-Highly Myopic 
Group (AL <26.5mm)

Highly Myopic Group 
(AL ≥26.5mm)

p value

No. patients / Eye 32 / 35 20 / 22 12 / 13
Age (years) 62.4 ± 11.1 (41 to 79) 64.5 ± 10.6 (49 to 79) 58.9 ± 10.3 (41 to 70) 0.12

Sex (female / male) 17 / 18 10 / 12 7 / 6

Systemic Disorders Hypertension 11 3 0.16
Diabetes Mellitus 5 5 0.44

Dyslipidemia 1 5 0.02

Diagnosis (POAG / 
EXG)

28 / 7 17 / 5 11 / 2

Axial Length (mm) 25.69 ± 2.14 24.42 ± 1.38  

(22.13 to 26.39)

27.82 ± 1.37  

(26.51 to 30.31)

-

Central corneal 

thickness

529.1 ± 28.1 530.5 ± 32.2 526.6 ± 18.4 0.66

Cataract Surgery Before Trab MMC 12 7 5 0.66
Combined 4 3 1

After Trab MMC 13 7 6

None 6 5 1
IOP (mmHg) Last before operation 22.7 ± 6.1 23.2 ± 6.1 21.9 ± 6.0 0.51

1 month after operation 12.8 ± 6.5 12.8 ± 6.0 12.8 ± 7.0 0.98

3 months after operation 11.0 ± 4.9 11.8 ± 5.3 9.7 ± 3.4 0.16
6 months after operation 12.0 ± 4.4 11.9 ± 4.6 12.2 ± 3.7 0.87

12 months after operation 13.9 ± 5.5 14.4 ± 6.3 13.2 ± 3.4 0.45

MD of HFA 
examination last 

before surgery (dB)

−14.59 ± 6.53  
(−24.75 to +1.25)

−13.60 ± 6.6  
(−23.98 to +1.25)

−16.36 ± 6.0  
(−24.75 to −4.23)

0.21

(Continued)
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postoperative IOP are illustrated in Figure 1. Mixed-effects Cox regression showed no significant intergroup differences 
at all three limits for defining success (18, 15, and 12 mmHg).

The results of the LMM analysis (Model A: simplified model with no comparison between groups or periods) are 
presented in Table 2. In the non-highly myopic group, the rate of MD change was −0.78 ± 0.30 dB/year preoperatively 
and −0.08 ± 0.10 dB/year postoperatively. In the highly myopic group, the corresponding values were −0.78 ± 0.18 dB/ 
year and −0.67 ± 0.20 dB/year, respectively. Intercept refers to the estimated HFA MD at the operation. The intercept 
soon before or soon after the operation was estimated from each LMM before or after the operation. A gap was observed 
between the 2 intercepts, not only in both groups, but also before and after surgery, indicating the existence of 
perioperative exacerbation.

To compare the significant differences in the rates of MD changes or perioperative MD exacerbations, we conducted 
another LMM analysis (Model B; a complex model enabling comparison between groups or between preoperative and 
postoperative periods) (Table 3 and Figure 2). The perioperative exacerbation was 0.91 ± 0.26 dB. The extent of 
exacerbation differed but not significantly between the groups (non-highly myopic group: 1.22 ± 0.31 dB [95% 
confidential interval (CI): 0.60 to 1.84 dB]; highly myopic group: 0.19 ± 0.46 dB [95% CI: −0.72 to 1.10 dB]; P = 
0.07). The inhibitory effect of Trab MMC on VF deterioration (rate of MD change) was significant in the non-highly 
myopic group (−0.53 ± 0.15 dB/year preoperatively to −0.16 ± 0.13 dB/year postoperatively; P = 0.004), but not in the 
highly myopic group (−0.66 ± 0.19 dB/year preoperatively to −0.48 ± 0.18 dB/year postoperatively; P = 0.32). These 
differences in the inhibitory effects of Trab MMC on the deteriorating rates of changes between the groups were not 
significant (0.19 ± 0.22 dB/year [95% CI: −0.25 to 0.63 dB/year]; P = 0.39; Table 3).

Discussion
This study evaluated the effect of Trab MMC on VF progression in eyes with glaucoma and high myopia, and the results 
indicated a notable reduction in IOP after Trab MMC, and that the extent of IOP reduction did not differ significantly 
between the two groups divided by axial length. This result is consistent with that of a previous report by Tanaka et al14 

which indicated that the IOP-lowering effect did not differ in relation to the presence of high myopia or that the effect 
was slightly higher in the highly myopic group. However, some reports have suggested that the IOP-lowering effect is 
significantly weaker in the eyes of younger patients.16,21 In our study, the average age in the highly myopic group was 
comparatively lower; therefore, the higher IOP-lowering effect in high myopia may have been counteracted by the 
influence of younger patient age.22 In terms of IOP-lowering effects, Trab MMC can be regarded as an effective 
treatment for glaucoma in highly myopic eyes.

The simple calculation of the rate of MD change in the patients in this study indicated that Trab MMC resulted in 
a significant improvement in the longitudinal MD change. The extent of this effect was reasonable in comparison with 
the findings reported previously. Bertrand et al reported the rate of change in the VF between before and after Trab MMC 

Table 1 (Continued). 

Total Non-Highly Myopic 
Group (AL <26.5mm)

Highly Myopic Group 
(AL ≥26.5mm)

p value

Number of HFA 
examinations

Before operation 6.2 ± 3.8 6.8 ± 4.5 (3 to 24) 6.4 ± 2.7 (3 to 8) 0.13
After operation 6.1 ± 2.7 5.2 ± 1.7 (3 to 11) 5.5 ± 2.5 (3 to 10) 0.37

Observation period 

(years)

Before operation 4.02 ± 2.66 3.90 ± 2.66  

(0.85 to 12.22)

4.23 ± 2.54  

(1.42 to 10.20)

0.71

After operation 5.36 ± 2.14 5.33 ± 2.32  

(2.09 to 8.95)

5.40 ± 1.69  

(3.66 to 8.42)

0.91

Total 9.38 ± 2.88 9.23 ± 3.07  
(4.20 to 15.30)

9.63 ± 2.84  
(5.37 to 13.86)

0.66

Note: Continuous values are shown as mean +- standard deviation (range). 
Abbreviations: AL, axial length; EXG, exfoliation glaucoma; HFA, Humphrey Field Analyzer; IOP, intraocular pressure; MD, mean deviation; POAG, primary open angle 
glaucoma.
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Figure 1 Results of the Kaplan–Meier survival analyses of surgical outcome. Kaplan–Meier cumulative survival curves showing the success rate of trabeculectomy in the 
highly myopic (black line) and non-highly myopic (red line) groups. Success was defined by three criteria: 1) absence of reoperation (additional glaucoma surgery); 2) 
Intraocular pressure ≤ 18, 15, or 12 mmHg (3 alternative limits); and 3) ≥20% reduction from baseline. (A–C) correspond to the alternative limits of 18, 15, and 12 mmHg 
for criterion 2, respectively. P < 0.05.
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by using a similar method as in this study; in their study, IOP reduction from 18 mmHg to 11 mmHg had an inhibitory 
effect on VF deterioration (−0.36 dB/year preoperatively to −0.16 dB/year postoperatively).14 Shigeeda et al also 
revealed a slowdown in the MD slope after Trab MMC in normal-tension glaucoma (NTG) patients (−1.05 dB/year 
preoperatively to −0.44 dB/year postoperatively).15 Although most of the patients in these previous reports had NTG with 

Table 2 Results of Linear Mixed Model A Estimating Rates of Mean Deviation Changes in Visual Field Testing Before and After 
Trabeculectomy

Non-Highly Myopic Group Highly Myopic Group

Intercept (dB) Before operation −13.98 ± 1.44 (−16.98 to −10.99) −16.14 ± 1.91 (−20.29 to −12.00)

After operation −15.09 ± 1.39 (−17.99 to −12.19) −15.26 ± 1.59 (−18.72 to −11.80)

Rates of change (dB/year) Before operation −0.78 ± 0.30 (−1.42 to −0.13) −0.78 ± 0.18 (−1.19 to −0.36)
After operation −0.08 ± 0.10 (−0.29 to +0.13) −0.67 ± 0.20 (−1.13 to −0.21)

Note: Continuous values are shown as mean ± standard error (95% confidence interval).

Table 3 Results of Linear Mixed Model B Estimating Rates of Mean Deviation Changes in Visual Field Testing 
Before and After Trabeculectomy

Total Non-Highly Myopic 
Group

Highly Myopic 
Group

p value*

Intercept (dB) −14.57 ± 1.08  

(−16.76 to −12.39)

−13.71 ± 1.36  

(−16.46 to −10.95)

−16.02 ± 1.77  

(−19.80 to −12.43)

0.31

Perioperative exacerbation (dB) −0.91 ± 0.26  

(−1.42 to −4.00)

−1.22 ± 0.31  

(−1.84 to −0.60)

−0.19 ± 0.46  

(−1.10 to 0.72)

0.07

Rates of 

changes  

(dB/year)

Before operation −0.59 ± 0.12  

(−0.82 to −0.35)

−0.53 ± 0.15  

(−0.83 to −0.24)

−0.66 ± 0.19  

(−1.04 to −0.28)

0.60

After operation −0.26 ± 0.11  
(−0.48 to −0.05)

−0.16 ± 0.13  
(−0.43to 0.11)

−0.48 ± 0.18  
(−0.84 to −0.12)

0.16

p value** 0.002 0.004 0.32 0.39***

Notes: Continuous values are shown as mean ± standard error (95% confidence interval). *p value comparing rates of changes between non-highly 
myopic and highly myopic groups. **p value comparing rates of changes between before and after operation. ***p value comparing differences of 
inhibitory effects of operation on deteriorating rates of changes between non-highly myopic and highly myopic groups.

Figure 2 Graphical abstract of linear mixed Model B in the current study. Line graphs showing longitudinal changes in the mean deviation of visual field tests estimated by 
the linear mixed Model B in this study, and comparisons between the highly myopic group (black line) and the non-highly myopic group (red line). The black dotted lines 
indicate the 95% confidence intervals for the regression lines in the highly myopic group, and the red dashed lines indicate those for the lines in the non-highly myopic group. 
Abbreviations: HFA, Humphrey Visual Field Analyzer; MD, mean deviation.
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IOPs within the normal limits before surgery, the inhibitory effect of Trab MMC on VF deterioration was confirmed to be 
reproducible in all patients, including those with high myopia.

The analyses using the mixed-effects Model A revealed a gap between the 2 intercept MDs estimated from Model 
A before and after surgery in each group. We hypothesized that perioperative exacerbations would occur in Trab MMC, 
which has already been reported in several studies.23,24 Naito et al analyzed the perioperative MD change in Japanese 
NTG patients, reporting that the MD obtained using the HFA changed from −18.86 ± 4.16 dB preoperatively to −20.11 ± 
4.25 dB postoperatively. The deterioration of −1 dB in the perioperative period in their study was similar to the results of 
our study. However, in their study, the perioperative gap was larger in the highly myopic group, in contrast to our results. 
Considering the causes of MD changes before and after surgery, they speculated that the changes in ocular rigidity 
represented by hypotony maculopathy resulted in a reduction in visual acuity, which can explain the greater perioperative 
deterioration of MD in highly myopic eyes since highly myopic eyes are generally considered to have weak stiffness. 
However, while their findings were obtained in NTG patients, many of the eyes in our study had high preoperative IOP 
above the normal limit. Since preoperative elevation and perioperative fluctuation of IOP may be the primary causes of 
perioperative MD deterioration in our study, the results for the perioperative MD gap may be different between the 
previous and current studies.

Although the MD slope improved in both the highly myopic and non-highly myopic groups in the present study, the 
inhibitory effect of VF deterioration was small and not significant in the highly myopic group. Because IOP decreased 
well in both groups as shown in Figure 1, this mild effect in highly myopic eyes may be attributable to factors unrelated 
to IOP. The factors may be the features in highly myopic eyes that accelerate VF progression independent of IOP. Some 
distinguishing characteristics of glaucoma with high myopia in comparison with glaucoma without high myopia have 
been reported previously and can be roughly categorized as structural and vascular factors.

Among the structural factors, tilted discs and peripapillary atrophy (PPA) have been identified as characteristic 
findings in myopic eyes. Park et al reported an association between optic disc torsion and VF defects in myopic NTG,25 

and multiple studies have described abnormalities of the optic nerve head (ONH) in myopic glaucoma.26,27 Han et al 
reported the findings for deep ONH parameters, which indicated that the obliqueness of optic nerve insertion into the 
eyeball was related with the presence of myopic NTG.28,29 These reports suggest that myopic NTG involves mechanisms 
of optic neuropathy other than IOP elevation. Recent advances in the evaluation of microcirculation in and around the 
optic disc using OCT angiography have suggested that abnormal blood flow in the ONH is involved in the pathogenesis 
of myopic NTG. Hong et al revealed that deep vessel density or its fluctuations are associated not only with PPA but also 
with central VF defect.30 Kiyota et al reported that microcirculation deep within the PPA is associated with central retinal 
structure and visual function in myopic NTG.31 Indeed, Seol et al reported that IOP reduction could suppress progression 
in NTG with myopic disc and that such progression was associated with disc hemorrhage in the same article.32 We 
hypothesize that these non-pressure-dependent factors drive the progression of VF deterioration even after achievement 
of IOP reduction.

This study has several limitations that should be considered when interpreting the findings. To exclude the effects of 
other surgeries, such as trabeculotomy, we only included eyes that underwent Trab MMC as the primary surgery, which 
limited the sample size. Moreover, the selection criteria for the number of VF tests further reduced the eligible sample 
size. In addition, due to statistical limitations, we could not include cases in which Trab MMC was performed 
immediately after referral and those in which the HFA testing protocol was changed from 24–2 to 10–2 postoperatively 
because of VF loss outside 10° or the need for detailed evaluation of paracentral scotoma. Furthermore, owing to the 
limited sample size we could not exclude cases that underwent cataract surgery before, after, or combined with Trab 
MMC. Thus, it is fair to consider that the results are biased to some degree.

In conclusion, Trab MMC reduced IOP in both highly myopic and non-highly myopic eyes, and IOP reduction was 
very similar in both groups. The VF deterioration rate decreased in both groups, and the change was significant in the 
non-highly myopic group, but weaker and not significant in the highly myopic group. Since Trab MMC appears to show 
IOP-reducing and some VF-protecting effects in highly myopic eyes, we believe it can be recommended for eyes 
showing high IOP and VF progression regardless of axial length; however, further verification of the VF-protecting 
effects in highly myopic eyes is required in the future.
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