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Clinical Evaluation of Unilateral Open-Angle Glaucoma: A 

Two-Year Follow-Up Study
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Department of Ophthalmology, Chonnam National University Hospital, Gwangju, Korea

To evaluate the clinical characteristics of unilateral open-angle glaucoma, patients di-

agnosed with unilateral open-angle glaucoma from January 2017 to October 2018 were 

divided into primary open-angle glaucoma and normal-tension glaucoma groups ac-

cording to the type of glaucoma diagnosed. The glaucoma and the contralateral eyes 

were compared, and the contralateral eye was analyzed for conversion to glaucoma and 

its risk factors were assessed during the 2-year follow-up period. Among 99 patients, 

36 were diagnosed with primary open-angle glaucoma and 63 with normal-tension 

glaucoma. When comparing the glaucoma eye with the contralateral eye, the visual 

field mean deviation value (all p<0.001), peripapillary retinal nerve fiber layer thick-

ness (all p<0.001), macular ganglion cell layer-inner plexiform layer thickness (p< 

0.001, p=0.003), and optic nerve cup-disc ratio (p=0.005, p<0.001) were significantly 

different in both the primary open-angle glaucoma and normal-tension glaucoma 

groups. In normal-tension glaucoma, peripapillary retinal nerve fiber layer thickness 

was significantly thinner in the glaucoma conversion group than in the glaucoma 

non-conversion group (p=0.008). It was significantly associated with glaucoma con-

version (odds ratio=0.97, p=0.023). In conclusion, in patients with unilateral open-an-

gle glaucoma, the contralateral eye may develop glaucoma. In particular, if the peri-

papillary retinal nerve fiber layer thickness is decreased in normal-tension glaucoma, 

the possibility of glaucoma conversion is high; hence, careful examination is required.

Key Words: Unilateral Glaucoma; Open-Angle Glaucoma; Low Tension Glaucoma; 

Glaucoma Conversion

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

Article History:

Received April 1, 2021

Revised April 23, 2021

Accepted April 29, 2021

Corresponding Author:

Sang Woo Park

Department of Ophthalmology, 

Chonnam National University Hospital, 

42 Jebong-ro, Dong-gu, Gwangju 

61469, Korea

Tel: +82-62-220-6742

Fax: +82-62-227-1642

E-mail: exo70@naver.com

INTRODUCTION

Glaucoma is one of the leading causes of blindness world-

wide and is characterized by progressive optic disc rim re-

duction and associated visual field defects.
1,2

 Open-angle 

glaucoma is a progressive optic neuropathy, showing optic 

nerve head cupping and visual field defects in the state of 

an open angle. It can be classified as normal-tension glau-

coma if intraocular pressure (IOP) is less than 21 mmHg 

and primary open-angle glaucoma if IOP is more than 21 

mmHg.
3
 In primary open-angle glaucoma, mechanical 

damage to the optic nerve occurs due to high IOP and is 

known to be an essential factor in the development and pro-

gression of glaucoma, whereas in normal-tension glauco-

ma, damage to the optic nerve is caused even at normal IOP; 

the pathophysiological mechanism underlying this dam-

age at normal IOP is hypothesized to be reduced ocular 

blood flow, but the exact mechanism has not yet been 

clarified.
3,4

 

Usually, glaucoma is a disease that occurs bilaterally, 

and the degree of glaucoma damage varies in both sides. 

Sometimes, glaucoma occurs in one eye and the other side 

remains normal but develops glaucoma over time.
5,6

 It is 

known that the rate of glaucoma conversion in the con-

tralateral eye of patients with unilateral glaucoma is high-

er than that in normal subjects.
7,8

 There have been several 

previous studies on the risk factors for glaucoma con-

version in the contralateral eye of patients with unilateral 

glaucoma, but only normal-tension glaucoma has been 

studied, and there studies on primary open-angle glauco-
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FIG. 1. Representative case of unilateral open-angle glaucoma. Disc photography, red-free fundus photography, peripapillary retina 

nerve fiber layer thickness of optical coherence tomography, and pattern deviation map of standard automated perimetry show glaucoma 

in the left eye; the contralateral eye shows normal finding.

ma are limited.
9,10

 

Therefore, in this study, we divided patients into pri-

mary open-angle glaucoma and normal-tension glaucoma 

groups, compared the clinical differences between eyes 

with glaucoma and contralateral normal eyes in patients 

with unilateral open-angle glaucoma, and investigated 

glaucoma conversion and its risk factors during a 2-year 

follow-up period.

MATERIALS AND METHODS

From January 2017 to October 2018, medical records 

were retrospectively analyzed for patients over 18 years of 

age diagnosed with unilateral glaucoma at a glaucoma clin-

ic and who could be followed up for more than two years. 

This study was conducted with the institutional review 

board’s approval (IRB No. CNUH-2021-029). 

Age, sex, and systemic diseases were noted in all pa-

tients. Best-corrected visual acuity (LogMAR), IOP (AT 900
®
, 

Haag-Streit, Bern, Switzerland), and refractive power (spher-

ical equivalent, SE) were measured with an autorefrac-

tometer (KR-8900; Topcon, Tokyo, Japan); slit-lamp micro-

scopy (Haag-Streit BQ900, Hagg-Streit AG, Switzerland), 

gonioscopy with a Goldmann-type contact lens according 

to standard methods, fundus photography (Kowa Nonmyd7 

fundus camera, Kowa, Tokyo, Japan), optical coherence to-

mography (Cirrus
®
 HD-OCT; Carl Zeiss Meditec, Dublin, 

CA, USA), optical low coherence reflectometry (Lenstar 

LS900, Haag-Streit, Mason, OH, USA), specular microscopy 

(NSP-9900, Konan medical Inc., Nishinomiya, Japan), and 

automated perimetry (Humphrey
®
 Visual Field Analyzer; 

Carl Zeiss Ophthalmic System, Inc., USA) were performed. 

The peripapillary retinal nerve fiber layer (pRNFL), mac-

ular ganglion cell-inner plexiform layer (mGC-IPL) thick-

ness, and optic nerve head cup-disc ratio (CDR) were meas-

ured by optical coherence tomography. Axial length (AXL) 

and central corneal thickness (CCT) were measured by op-

tical low coherence reflectometry. Visual field mean devia-

tion (MD) was measured by automated perimetry. We 

measured best-corrected visual acuity, IOP, and refractive 

power and performed slit-lamp microscopy and fundus 

photography every four months. Optical coherence tomog-

raphy and automatic perimetry were performed every 

year, and low-coherence reflectometry and specular micro-

scopy were performed every two years.

Two independent glaucoma specialists diagnosed uni-

lateral glaucoma based on the above test results. Any dis-

agreements were settled by consensus, and an additional 

grader was consulted, if necessary. The definition of glau-

coma included (1) local or diffuse neuroretinal rim thinning 

or optic disc cupping, a difference in vertical CDR of 0.2 or 

more between both eyes, retinal nerve fiber layer defects, 

and glaucomatous optic nerve damage such as those with 

optic disc hemorrhage, and (2) on visual field examination 

performed at least two times, the mean sensitivity of three 

or more points in the arcuate region in the pattern devia-

tion plot was less than 5% of normal, and one of them was 

less than 1% or outside normal on the glaucoma hemifield 

test. Glaucoma-related visual field damage, such as when 

the limits appear twice in a row or when the corrected pat-

tern standard deviation was less than 5%, was considered 

(Fig. 1).
11

 When an open anterior chamber angle was seen 

on gonioscopic examination and if the IOP was 21 mmHg 

or less, normal-tension glaucoma was diagnosed, and if 

IOP was more than 21 mmHg, primary open-angle glauco-

ma was diagnosed and included in the study.

Patients were excluded if they had used an IOP lowering 

agent at the time of visit; had other ophthalmic diseases 

that may cause glaucoma; had a history of trauma or sur-

gery; had ophthalmic diseases other than glaucoma such 
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FIG. 2. Representative case of glaucoma conversion in contralateral eyes of patients with unilateral open glaucoma. A patient whose 

contralateral eye showed normal findings at baseline. Two years later, peripapillary retina nerve fiber layer thickness on optical coher-

ence tomography and pattern deviation map on standard automated perimetry indicate glaucoma conversion in the contralateral eye.

TABLE 1. Comparison of demographics between primary open-an-

gle glaucoma and normal-tension glaucoma groups

POAG 

(n=36 

patients)

NTG 

(n=63 

patients)

p-value

Age* 61.83±12.84 58.35±11.97 0.178

Sex (male/female)
†

23/13 28/35 0.063

Laterality of glaucoma (OD/OS)
†

20/16 30/33 0.478

Hypertension
†

16 (44.44%) 16 (25.40%) 0.061

Diabetes
†

10 (27.78%) 5 (17.94%) 0.108

Glaucoma conversion
†

15 (41.67%) 23 (36.51%) 0.312

Values are presented as mean±standard deviation unless other-

wise indicated.

POAG: primary open angle glaucoma, NTG: normal-tension 

glaucoma.

*Student’s t-test, 
†

Chi square test and Fisher’s exact test.

p<0.05 was considered to be significant.

as diabetic retinopathy or macular degeneration; had a 

best-corrected visual acuity of less than 0.5; had a re-

fractive power of −6 diopters or less; had a history of ocular 

surgery excluding cataract surgery; or had other causative 

diseases that may cause visual field damage. If the visual 

field test result exceeded false positive by 15%, false-neg-

ative by 15%, or fixation loss by 20% or if optical coherence 

tomography signal strength was less than 6, then the pa-

tients were excluded. The glaucoma eye of a patient with 

unilateral open-angle glaucoma was treated with IOP-low-

ering eye drops. We educated patients not to use an IOP 

lowering agent on the other eye. Two years later, we eval-

uated patients for the development of glaucoma in the con-

tralateral eye (Fig. 2).

For statistical analysis, SPSS 18.0 for Windows (SPSS 

Inc. Chicago, IL, USA) was used. A student’s t-test, Mann 

Whitney U-test, Wilcoxon signed rank test, and chi-square 

test were used to compare groups. Logistic regression anal-

ysis was performed to determine the risk factors for con-

version to glaucoma in the opposite eye. A p-value than 0.05 

was considered statistically significant. 

RESULTS

A total of 99 patients with unilateral open-angle glauco-

ma were included, of which 36 had primary open-angle 

glaucoma and 63 had normal-tension glaucoma. Age, sex, 

laterality of glaucoma eye, hypertension, diabetes, and the 

rate of glaucoma conversion of the contralateral eye did not 

show significant differences between the primary open-an-

gle glaucoma group and the normal-tension glaucoma 

group (Table 1). 

When comparing the glaucoma eye and contralateral eye 

in patients with unilateral open-angle glaucoma, the glau-

coma eye in the primary open-angle glaucoma group had 

higher IOP (23.53±7.05 mmHg vs 18.08±5.74 mmHg, p< 

0.001), lower visual field MD value (−11.77±10.05 dB vs 

−2.41±2.77 dB, p<0.001), pRNFL thickness (68.11±14.71 

μm vs 88.50±9.92 μm, p<0.001), and mGC-IPL thickness 

(68.06±11.70 μm vs 83.00±9.48 μm, p<0.001), and larger 

CDR (0.75±0.13 vs 0.63±0.12, p<0.001) compared to those 

of the contralateral eye, but the best-corrected visual acui-

ty, CCT, AXL, refractive power, and corneal endothelial 

cell density were not significantly different (Table 2). In the 

normal-tension glaucoma group, the glaucoma eye had a 

lower visual field MD value (−5.14±5.30 dB vs −1.88±2.28 

dB, p<0.001), pRNFL thickness (74.48±12.93 μm vs 85.40± 

15.13 μm, p<0.001), and mGC-IPL thickness (70.43±9.55 

μm vs 76.70±14.52 μm, p=0.003), and larger CDR (0.71± 

0.10 vs 0.53±0.11, p<0.001) compared to those of the con-

tralateral eye, but the best-corrected visual acuity, IOP, 

CCT, AXL, refractive power, and corneal endothelial cell 

density were not significantly different (Table 2).

The groups were further divided based on conversion to 
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TABLE 2. Comparison of glaucoma eyes and non-glaucoma eyes in patients with unilateral open-angle glaucoma 

POAG (n=36 patients) NTG (n=63 patients)

Glaucoma eyes Non-glaucoma eyes p-value* Glaucoma eyes Non-glaucoma eyes p-value*

BCVA (logMAR) 0.10±0.15 0.08±0.06 0.676 0.12±0.20 0.12±0.63 0.978

IOP (mmHg) 23.53±7.05 18.08±5.74 <0.001 15.17±3.04 14.54±2.48 0.188

CCT (µm) 532.22±38.69 536.33±37.31 0.069 529.27±36.78 525.08±35.48 0.213

AXL (mm) 24.25±1.74 24.12±1.56 0.163 24.81±1.81 24.69±1.78 0.115

Visual field MD (dB) −11.77±10.05 −2.41±2.77 <0.001 −5.14±5.30 −1.88±2.28 <0.001

SE (diopter) −1.88±3.90 −1.44±1.82 0.103 −2.18±3.77 −1.67±2.95 0.112

Endothelial cell density (cells/mm
2
) 2555.31±464.56 2653.92±451.80 0.174 2680.48±331.54 2656.54±568.37 0.738

pRNFL thickness (µm) 68.11±14.71 88.50±9.92 <0.001 74.48±12.93 85.40±15.13 <0.001

mGC-IPL thickness (µm) 68.06±11.70 83.00±9.48 <0.001 70.43±9.55 76.70±14.52 0.003

Cup-disc ratio 0.75±0.13 0.62±0.12 <0.001 0.71±0.10 0.53±0.11 <0.001

Values are presented as mean±standard deviation.

POAG: primary open angle glaucoma, NTG: normal-tension glaucoma, BCVA: best corrected visual acuity, IOP: intraocular pressure, 

CCT: central corneal thickness, AXL: axial length, MD: mean deviation, SE: spherical equivalent, pRNFL: peripapillary retinal nerve 

fiber layer, mGC-IPL: macular ganglion cell-inner plexiform layer.

*Paired t-test p<0.05 was considered to be significant. 

TABLE 3. Comparison between glaucoma converted eyes and non-converted eyes in the two groups at baseline

POAG (n=36 patients) NTG (n=63 patients)

Conversion 

(n=15 patients)

Non-conversion 

(n=21 patients)
p-value

Conversion 

(n=23 patients)

Non-conversion 

(n=40 patients)
p-value

Age* 64.60±9.48 59.86±14.69 0.500 59.09±13.00 57.93±11.50 0.684

Sex (male/female)
†

11/4 12/9 0.319 11/12 17/23 0.682

Laterality of glaucoma (right/left)
†

8/7 12/9 0.678 10/13 20/20 0.697

HTN (%)
†

7 (46.67%) 9 (42.86%) 0.724 6 (26.09%) 10 (25.00%) 0.814

DM (%)
†

4 (26.67%) 6 (28.57%) 0.866 2 (8.70%) 3 (7.50%) 0.866

BCVA (logMAR)* 0.07±0.04 0.08±0.06 0.839 0.09±0.15 0.14±0.79 0.654

IOP (mmHg)* 18.53±7.66 17.76±4.05 0.748 14.61±2.86 14.50±2.28 0.914

CCT (µm)* 543.00±35.24 531.57±38.85 0.282 525.57±33.46  524.80±37.01 0.915

AXL (mm)* 23.87±1.67 24.30±1.49 0.229 24.80±1.87 24.62±1.75 0.602

Visual field MD (dB)* −2.33±2.32 −2.46±3.11 0.700 −2.27±2.44 −1.66±2.18 0.507

SE (diopter)* −1.45±2.34 −1.43±1.40 0.343 −1.52±3.89 −1.77±2.16 0.281

Endothelial cell density (cells/mm
2
)* 2566.00±453.59 2716.71±450.85 0.275 2704.83±400.52 2628.78±648.76 0.926

pRNFL thickness (µm)* 87.73±7.88 89.05±11.32 0.936 81.04±11.42 87.90±16.52 0.008

mGC-IPL thickness (µm)* 80.60±9.30 84.71±9.46 0.368 74.61±12.19 77.90±15.72 0.097

Cup-disc ratio* 0.52±0.14 0.53±0.11 0.885 0.53±0.12 0.54±0.10 0.960

Values are presented as mean±standard deviation.

POAG: primary open angle glaucoma, NTG: normal-tension glaucoma, HTN: hypertension, DM: diabetes mellitus, BCVA: best corrected

visual acuity, IOP: intraocular pressure, CCT: central corneal thickness, AXL: axial length, MD: mean deviation, SE: spherical equiv-

alent, pRNFL: peripapillary retinal nerve fiber layer, mGC-IPL: macular ganglion cell-inner plexiform layer.

*Mann Whitney U-test, 
†

Chi square test and Fisher’s exact test p<0.05 was considered to be significant.

glaucoma in the contralateral eye after two years; on com-

paring the ophthalmic findings at the first visit in the con-

tralateral eye of a patient with unilateral open-angle glau-

coma, there was no significant difference in all parameters 

in the primary open-angle glaucoma group, and the thick-

ness of the pRNFL was thinner than that of the non-glauco-

ma conversion group in the normal-tension glaucoma group 

(Table 3).

When comparing the first visit and two year follow-up 

ophthalmological findings of the eyes that developed glau-

coma in patients with primary open-angle glaucoma, high-

er IOP (21.47±5.37 mmHg vs 18.53±7.66 mmHg, p=0.047), 

lower MD values (−6.64±1.98 dB vs −2.33±2.32 dB, p= 

0.031), pRNFL thickness (75.73±7.88 μm vs 87.73±7.88 

μm, p=0.037), and mGC-IPL thickness (72.60±6.15 μm vs 

80.60±9.30 μm, p=0.048) and larger CDR (0.68±0.14 vs 

0.52±0.14, p=0.050) were seen at the two year follow-up; 

however the best-corrected visual acuity, CCT, AXL, re-
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TABLE 4. Comparison between baseline and two year follow-up data in the glaucoma converted eyes

POAG (n=15 patients) NTG (n=23 patients)

Two year follow-up Baseline p-value* Two year follow-up Baseline p-value*

BCVA (logMAR) 0.06±0.02 0.07±0.04 0.631 0.10±0.07 0.09±0.15 0.554

IOP (mmHg) 21.47±5.37 18.53±7.66 0.047 15.01±2.86 14.61±2.86 0.814

CCT (µm) 541.15±27.14 543.00±35.24 0.694 530.57±31.02 525.57±33.46 0.715

AXL (mm) 24.11±0.74 23.87±1.67 0.910 24.90±1.12 24.80±1.87 0.902

Visual field MD (dB) −6.64±1.98 −2.33±2.32 0.031 −4.27±0.58 −2.27±2.44 0.041

SE (diopter) −1.55±1.21 −1.45±2.34 0.643 −1.68±1.79 −1.52±3.89 0.781

Endothelial cell density (cells/mm
2
) 2421.00±359.47 2566.00±453.59 0.687 2689.88±341.10 2704.83±400.52 0.896

pRNFL thickness (µm) 75.73±7.88 87.73±7.88 0.037 79.04±9.24 81.04±11.42 0.043

mGC-IPL thickness (µm) 72.60±6.15 80.60±9.30 0.048 72.61±12.19 74.61±12.19 0.039

Cup-disc ratio 0.68±0.14 0.52±0.14 0.050 0.66±0.12 0.53±0.12 0.067

Values are presented as mean±standard deviation.

POAG: primary open angle glaucoma, NTG: normal tension glaucoma, BCVA: best corrected visual acuity, IOP: intraocular pressure, 

CCT: central corneal thickness, AXL: axial length, MD: mean deviation, SE: spherical equivalent, pRNFL: peripapillary retinal nerve 

fiber layer, mGC-IPL: macular ganglion cell-inner plexiform layer.

*Wilcoxon signed rank test p<0.05 was considered to be significant. 

TABLE 5. Risk factor analyses for glaucoma conversion in non-glaucoma eyes of patients with unilateral POAG 

Factors
Univariate analysis Multivariate analysis*

Odds ratio 95% CI p-value Odds ratio 95% CI p-value

Age 1.03 0.98-1.09 0.276

Sex (male/female) 0.48 0.12-2.03 0.322

HTN (%) 0.45 0.12-1.79 0.260 0.40 0.10-1.68 0.365

DM (%) 0.91 0.21-4.01 0.900

BCVA (logMAR) 0.48 0.00-46.12 0.664

IOP (mmHg) 1.02 0.91-1.15 0.689

CCT (µm) 1.01 0.99-1.03 0.362

AXL (mm) 0.82 0.52-1.31 0.414

Visual field MD (dB) 1.02 0.80-1.30 0.888

SE (diopter) 1.01 0.70-1.46 0.972

Endothelial cell density (cells/mm
2
) 1.00 1.00-1.00 0.324

pRNFL thickness (µm) 0.99 0.92–1.06 0.692

mGC-IPL thickness (µm) 0.95 0.88–1.03 0.209 0.87 0.81-1.01 0.332

Cup-disc ratio 0.72 0.43–1.17 0.905

POAG: primary open angle glaucoma, CI: confidence interval, HTN: hypertension, DM: diabetes mellitus, BCVA: best corrected visual 

acuity, IOP: intraocular pressure, CCT: central corneal thickness, AXL: axial length, MD: mean deviation, SE: spherical equivalent, 

pRNFL: peripapillary retinal nerve fiber layer, mGC-IPL: macular ganglion cell-inner plexiform layer.

*Only variables with p<0.3 in the univariate analysis were included in the multivariate model.

fractive power, and corneal endothelial cell density were 

not significantly different (Table 4). In the eyes that showed 

conversion in patients with normal-tension glaucoma, 

compared to the first visit values, lower MD values (−4.27± 

0.58 dB vs −2.27±2.44 dB, p=0.041), pRNFL thickness (79.04± 

9.24 μm vs 81.04±11.42 μm, p=0.043), and mGC-IPL thick-

ness (72.61±12.19 μm vs 74.61±12.19 μm, p=0.039) were 

seen at the two year follow-up, but the best-corrected visual 

acuity, IOP, CCT, AXL, refractive power, corneal endothe-

lial cell density, and CDR were not significantly different 

(Table 4). 

When the logistic regression analysis was performed to 

determine the risk factors for conversion to glaucoma in 

contralateral eyes of patients with unilateral open-angle 

glaucoma, no significant factors were found in the primary 

open-angle glaucoma group. When the univariate analysis 

was performed in the normal-tension glaucoma group, the 

results showed that the lower the thickness of the pRNFL 

(p=0.021; OR, 0.97; 95% CI, 0.94-1.00), the higher the risk 

of conversion to glaucoma, and the multivariate analysis 

showed consistent results (p=0.023; OR, 0.97; 95% CI, 

0.94-1.00) (Tables 5, 6).

DISCUSSION

Glaucoma is defined as a progressive optic neuropathy 
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TABLE 6. Risk factor analyses for glaucoma conversion in non-glaucoma eyes of patients with unilateral NTG 

Factors
Univariate analysis Multivariate analysis*

Odds ratio 95% CI p-value Odds ratio 95% CI p-value

Age 1.01 0.97-1.05 0.709

Sex (male/female) 0.81 0.29-2.26 0.682

HTN (%) 1.06 0.33-3.43 0.924

DM (%) 1.17 0.18-7.60 0.866

BCVA (logMAR) 0.68 0.17-2.74 0.592

IOP (mmHg) 1.02 0.83-1.25 0.866

CCT (µm) 1.00 0.99-1.02 0.934

AXL (mm) 1.06 0.79-1.41 0.694

Visual field MD (dB) 0.89 0.71-1.12 0.300 0.68 0.59-1.01 0.456

SE (diopter) 0.85 0.69-1.04 0.105 0.81 0.64-1.02 0.211

Endothelial cell density (cells/mm
2
) 1.00 1.00-1.00 0.610

pRNFL thickness (µm) 0.97 0.94-1.00 0.021 0.97 0.94-1.00 0.023

mGC-IPL thickness (µm) 0.98 0.95-1.02 0.397

Cup-disc ratio 0.53 0.00-60.29 0.794

NTG: normal tension glaucoma, CI: confidence interval, HTN: hypertension, DM: diabetes mellitus, BCVA: best corrected visual acuity, 

IOP: intraocular pressure, CCT: central corneal thickness, AXL: axial length, MD: mean deviation, SE: spherical equivalent, pRNFL: 

peripapillary retinal nerve fiber layer, mGC-IPL: macular ganglion cell-inner plexiform layer.

*Only variables with p<0.3 in the univariate analysis were included in the multivariate model.

characterized by visual field defects associated with dam-

age to the optic nerve, and it can appear in various fea-

tures.
1,2

 Open-angle glaucoma occurs in 3.5% of Koreans 

and shows optic disc cupping and visual field defects when 

the anterior angle is open. If the untreated IOP is less than 

21 mmHg, glaucoma is classified as normal-tension glauco-

ma, and if it is over 21 mmHg, it is classified as primary 

open-angle glaucoma.
3,11

 It is known that primary open-an-

gle glaucoma is common in Caucasians and normal-tension 

glaucoma in East Asians, and genetic factors, risk factors, 

and clinical characteristics are different for the two dis-

eases.
12,13

 Therefore, when analyzing patients with unilat-

eral open-angle glaucoma in this study, the two diseases 

were analyzed separately. 

Although glaucoma is known as a bilateral disease, the 

degree of glaucoma-related damage varies in both eyes, 

and sometimes glaucoma appears in only one eye.
14

 It is 

known that the risk of glaucoma conversion in patients 

with unilateral glaucoma over time is higher than that in 

healthy individuals, and several studies on the risk factors 

for this conversion have been reported.
5,6

When comparing patients with primary open-angle 

glaucoma and normal-tension glaucoma, there was no sig-

nificant difference in age, sex, underlying disease, and con-

version to glaucoma in the contralateral eye. After two 

years, the glaucoma conversion rate for the contralateral 

eye was 41.67% in the primary open-angle glaucoma group 

and 36.51% in the normal-tension glaucoma group. The 

high prevalence seen in this study was consistent with 

those of previous studies showing that patients diagnosed 

with unilateral glaucoma had a higher risk of developing 

glaucoma in the other eye than did normal individuals.
7,8,11

When comparing the glaucoma eye and contralateral eye 

of patients with unilateral open-angle glaucoma, in both 

the primary open-angle glaucoma and normal-tension 

glaucoma groups, glaucoma eyes showed lower MD values, 

pRNFL thickness, and mGC-IPL thickness and larger 

CDR than did the contralateral eye, but IOP was signifi-

cantly higher in the glaucoma eyes only in the primary 

open-angle glaucoma group. These findings are similar to 

those of previous studies, which reported that IOP acts as 

a significant risk factor in the development of primary 

open-angle glaucoma, and factors independent of IOP play 

an essential role in the development of normal-tension 

glaucoma.
3
 

In patients with unilateral open-angle glaucoma, when 

comparing the contralateral eye’s ophthalmological find-

ings at the first visit to the glaucoma converted eye and the 

glaucoma non-converted eye, the pRNFL thickness was 

lower than those of the eyes that developed glaucoma in the 

normal-tension glaucoma group. There was no significant 

difference in any ophthalmological parameter in the pri-

mary open-angle glaucoma group. This may have occurred 

because patients who were suspected of having glaucoma 

or had pre-perimetric glaucoma were included; these pa-

tients may not have presented with as a visual field defect 

at the first visit, even though structural damage to the oth-

er eye had already occurred.

When comparing the first visit and 2 year follow-up visit 

ophthalmological findings of the contralateral eyes that de-

veloped glaucoma, both primary open-angle glaucoma and 

normal-tension glaucoma groups showed lower MD value, 

pRNFL thickness, and mGC-IPL thickness two years later. 

However, IOP and CDR increased after two years only in 

the primary open-angle glaucoma group, and there was no 

significant difference in the normal-tension glaucoma group. 
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This result coincided with those of previous studies, which 

showed that glaucoma progression in normal-tension glau-

coma is influenced by factors other than IOP. Besides, there 

was a difference in previous studies that showed that the 

degree of increase in the cup disc ratio was steep among pa-

tients with normal-tension glaucoma in Korea, which was 

thought to be due to the relatively short follow-up period 

of these studies.
15-17

 

In this study, a significant risk factor for glaucoma con-

version in the contralateral eye in patients with primary 

open-angle glaucoma was not defined. However, in pre-

vious studies, old age, high IOP, CDR of 0.5 or more, optic 

disc hemorrhage, thin CCT, and large pattern standard de-

viation on visual field examination were reported as sig-

nificant risk factors.
7,18

 Instead, in this study, the risk of 

glaucoma conversion was found to significantly increase as 

the pRNFL thickness of the contralateral eye was decreased 

in patients with normal-tension glaucoma. This result was 

different from previous studies showing that severe visual 

field defects in glaucoma eyes, IOP above 14 mmHg in nor-

mal eyes, diabetes, and systemic vascular diseases such as 

cerebrovascular disease are related to glaucoma con-

version.
10

 In this study, it was considered that structural 

damage to the optic nerve and visual field damage must be 

satisfactory to diagnose glaucoma. When referring to pre-

vious studies that have already known that structural 

damage precedes visual field defects in visual field exam, 

it is thought that these results were included in patients 

with glaucoma suspect or pre-perimetric glaucoma.
19

Limitations of this study include 1) a relatively small 

number of patients from a single institution, 2) a short fol-

low-up period, 3) its retrospective design, 4) lack of analysis 

of the ocular parameters such as β-zone PPA and various 

systemic diseases that have been reported to be related to 

glaucoma. It is thought that among the patients who did 

not show conversion to glaucoma, patients suspected of 

having glaucoma or those with pre-perimetric glaucoma 

might have been included, which influenced the outcomes. 

Additionally, it was impossible to analyze the contralateral 

eye’s glaucoma conversion according to the degree of dam-

age to the glaucoma eye. Among the patients who did not 

show conversion to glaucoma, glaucoma symptoms or pre- 

field glaucoma patients were included, which may have in-

fluenced the outcome.

In the future, a large-scale, long-term study should be 

conducted to supplement our findings and to analyze the 

risk factors for conversion to glaucoma in the contralateral 

eye of patients with unilateral glaucoma as it will be of great 

help in determining the prognosis and treatment time for 

the contralateral eye.

In conclusion, in patients with unilateral open-angle 

glaucoma, the contralateral eye may develop glaucoma. In 

particular, if pRNFL thickness is decreased in normal-tension 

glaucoma, the possibility of glaucoma conversion is high; 

therefore, careful examination is required.
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