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Comparison of Clinical Characteristics and Progression Rates of
Bilaterally and Unilaterally Progressing Glaucoma

Daun Jeong, Kyung Rim Sung, Jung Hwa Na

Department of Ophthalmology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Purpose: To compare the clinical characteristics of unilaterally progressing glaucoma (UPG) and simultaneously
bilaterally progressing glaucoma (BPG) in medically treated cases.

Methods: Primary open angle glaucoma patients were classified as having UPG or BPG according to an
assessment of optic disc and retinal nerve fiber layer photographs and visual field analysis. Risk factors
including the presence of systemic diseases (hypertension, diabetes, cerebrovascular accident, migraine,
and dyslipidema) were compared between the UPG and BPG groups. Baseline characteristics and pre- and
post-treatment intraocular pressure (IOP) were compared between the progressing eye (PE) and the non-pro-
gressing eye (NPE) within the same patient in the UPG group and between the faster progressing eye and the
slower progressing eye in the BPG group.

Results: Among 343 patients (average follow-up period of 4.2 years), 43 were categorized into the UPG group
and 31 into the BPG group. The prevalence of all analyzed systemic diseases did not differ between the two
groups. PEs in the UPG group had more severe pathology in terms of baseline visual field parameters than
NPEs (mean deviation -6.9 + 5.7 vs. -2.9 + 3.9 dB, respectively; p < 0.001). However, baseline IOP, mean
follow-up IOP, and other clinical characteristics were not significantly different between the PE and the NPE
in the UPG group. The progression rate was significantly higher in the faster progressing eye in patients with

BPG than in the PE for patients with UPG (-3.43 + 3.27 vs. -0.70 + 1.26 dB/yr, respectively; p = 0.014).
Conclusions: There were no significant differences in the prevalence of systemic diseases between the UPG
and BPG groups. Simultaneously bilaterally progressing patients showed much faster progression rates than

those with a unilaterally progressing eye.
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Glaucoma is characterized by the progressive loss of the
neuroretinal rim in the optic disc and accompanying visual
functional decay. As this pathologic change is irreversible,
treatment usually focuses on slowing or halting progression
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of the condition. Therefore, identifying progression and
measuring the progression rate are essential to glaucoma
patient care. Glaucoma is mostly known as a bilateral dis-
ease. However, it can often manifest asymmetrically, with
some cases showing a unilateral presentation. Bilaterally
fast progressing glaucoma is the most important subtype to
be aggressively treated, because bilateral visual field (VF)
impairment substantially impacts a patient’s quality of daily
life [1-3].

Elevated intraocular pressure (IOP) is the principal risk
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factor for glaucoma [4-6]. However, the majority of glauco-
ma cases present with statistically normal IOP values in
Eastern Asian countries, with some cases progressing de-
spite well-controlled IOP [7-10]. Thus, risk factors for
glaucoma progression other than IOP are under investiga-
tion [11,12]. Furthermore, differentiating factors for unilat-
eral and bilateral glaucoma are of particular interest. Ac-
cording to a study by Kim and Kim [13], vascular diseases
such as diabetes or cerebrovascular accidents are associated
with the development of bilateral glaucoma, likely because
these vascular pathologies are systemic in nature and vascu-
lar insufficiencies may influence both eyes. We therefore
hypothesized that differences may exist between unilateral-
ly progressing glaucoma (UPG) and bilaterally simult-
aneously progressing glaucoma (BPG). In this study, we
aimed to investigate and compare the clinical characteristics
of medically treated UPG and BPG. Additionally, we com-
pared the faster progressing eye (FPE) and the relatively
slower progressing fellow eye (SPE) within the same patient
in the BPG group, as well as the ocular characteristics of the
progressing eye (PE) and the non-progressing eye (NPE) in
the UPG group.

Materials and Methods

Subjects

This retrospective study included 343 glaucoma subjects
who were examined at the glaucoma clinic of the Asan
medical center. Patients who met our inclusion criteria of at
least three years of follow-up and seven or more reliable VF
measurements were consecutively enrolled by medical re-
cord review. Eyes that underwent intraocular surgery (in-
cluding cataract and glaucoma filtering procedures) during
the follow-up period were excluded. At initial diagnosis,
each patient received a comprehensive ophthalmologic ex-
amination that included a review of medical history for the
presence of systemic diseases like systemic hypertension,
diabetes, cerebrovascular accident, dyslipidemia, and mi-
graine, measurement of best-corrected visual acuity to con-
firm that visual acuity was adequate for automated perime-
try performance, slit-lamp biomicroscopy, Goldmann
applanation tonometry, gonioscopy, dilated fundoscopic ex-
amination using a 90- or 78-diopter lens, stereoscopic optic
disc and retinal nerve fiber layer (RNFL) photography, VF
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examination by standard automated perimetry (Humphrey
Swedish interactive threshold algorithm standard strategy
24-2; Carl Zeiss Meditec, Dublin, CA, USA), and measure-
ment of central corneal thickness (CCT; DGH-550 instru-
ment, DGH Technology Inc., Exton, PA, USA).

All included patients met the following criteria at the base-
line exam: best-corrected visual acuity of 20 / 30 or better,
with a spherical equivalent (SE) within +5 diopters and a cyl-
inder correction within +3 diopters; VF mean deviation (MD)
higher than 20 dB; and the presence of a normal anterior
chamber and open-angle on slit-lamp and gonioscopic exam-
inations. Patients with concomitant diseases known to affect
the VF were excluded. Diagnosis of glaucoma was based on
both the presence of typical glaucomatous changes in the op-
tic disc and glaucomatous VF defect. Thus, eyes with a
glaucomatous optic disc and a normal VF were not defined as
having glaucoma. Glaucomatous optic disc change included
increased cupping (vertical cup-disc ratio more than 0.7), a
difference in the vertical cup-disc ratio (more than 0.2 be-
tween the eyes), diffuse or focal neural rim thinning, disc
hemorrhage, or RNFL defects. Eyes defined as having glau-
comatous VF defects met two of the following three criteria
(as confirmed by more than two reliable consecutive tests): 1)
a cluster of three points with a probability of less than 5% on
a pattern deviation map in at least one hemifield, including at
least one point with a probability of less than 1% or a cluster
of two points with a probability of less than 1%; 2) a glauco-
ma hemifield test result outside the normal limit; and 3) a pat-
tern standard deviation result of less than 5%. Reliable VF
assessment was defined as a VF test with a false-positive er-
ror of less than 15%, a false-negative error of less than 15%,
and a fixation loss of less than 20%. The first VF test was ex-
cluded from analysis to reduce the learning effect. If at least
one eye showed glaucomatous changes, that patient was includ-
ed for analysis. [OP-lowering medication was prescribed if the
eyes showed glaucomatous optic disc changes or had both a
glaucomatous optic disc and VF changes. Glaucomatous eyes
with secondary causes were excluded in the current study.

All procedures conformed to the Declaration of Helsinki,
and the study was approved by the institutional review
board of the Asan Medical Center.

Glaucoma progression assessment

Since glaucomatous damage involves both structural and
functional changes that may not appear at the same time,
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glaucoma progression was determined by either structural
or functional measures. Structural progression was assessed
using a stereoscopic optic disc and red-free RNFL photo-
graphs. Serial stercoscopic photographs were displayed on
an liquid crystal display monitor. Two glaucoma experts
(KRS and JHN) independently assessed all of the photo-
graphs in order to estimate the glaucoma progression be-
tween the patients’ first and last visits. Both graders were
blind to each other’s progression assessments and to all clin-
ical and VF information. Photographs were presented in
chronological order and with masking of patient identifica-
tion, age, and test date. Each grader viewed all photographs
of each eye before making an assessment and was asked to
determine the possible presence of a glaucomatous optic
disc or of RNFL progression, as revealed by an increase in
the extent of neuroretinal rim thinning, enhancement of
disc excavation, any widening or deepening of a RNFL de-
fect, and/or the appearance of new disc hemorrhage [14,15].
Each grader classified each glaucomatous eye as cither sta-
ble or progressing. If the opinions of the two observers dif-
fered, a third examiner (DJ) made the final decision.

Functional progression was determined using a VF series.
Commercial software (Guided Progression Analysis, Carl
Zeiss Meditec) was used to determine progressive function-
al loss of the VE. VF defect progression was defined as a
significant deterioration from the baseline pattern of devia-
tion at three or more of the same test points and was evalu-
ated on three consecutive examinations [16].

Analysis

If only one eye showed progression by either structural or
functional assessment during the follow-up period, the pa-
tient was included in the UPG group. In contrast, if both
eyes showed progression, the patient was included in the
BPG group. Age, gender, and the prevalence of systemic
diseases (systemic hypertension, diabetes, cerebrovascular
accident, migraine, and dyslipidema) were compared be-
tween the UPG and BPG groups. In the UPG group,
pre-treatment IOP, mean post-treatment IOP, CCT, SE, base-
line VF MD, VF pattern standard deviation, and progres-
sion rates were compared between the PE and the NPE
within the same patient. The progression rates (MD slope)
were determined by linear regression analysis of MD values
in serial VF analyses. In the BPG group, the same parame-
ters were compared between the FPE and the SPE within
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the same patient. The Wilk-Shapiro test was used to deter-
mine the distribution of numerical data. Normally distribut-
ed data were compared between the UPG and BPG groups
using unpaired #-tests. To compare categorical data, the chi-
square test was employed. The paired #-test was used to
compare eyes within the same patient. Non-normally
distributed data were compared using either the Mann-
Whitney or Wilcoxon signed rank test. Statistical analyses
were performed using IBM SPSS ver. 21.0 (IBM Corp., Ar-
monk, NY, USA). A p-value less than 0.05 was considered
significant.

Results

A total of 343 Korean patients were included in the final
analysis, of which 182 were men and 161 were women. The
mean follow-up period was 4.2 years. At baseline, 134 pa-
tients had unilateral glaucoma. Among these 134 patients,
102 showed glaucomatous optic disc changes but a normal
VF in the fellow eye, while the remaining 32 patients had a
normal appearing optic disc and a normal VF in the fellow
eye. Among the 134 unilateral glaucoma patients, 25 pa-
tients showed unilateral progression during follow-up while
6 patients showed bilateral progression; thus, 31 patients had
either unilateral or bilateral progression while 103 patients
were stable. Among the 32 patients with unilateral glauco-
ma and a normal optic disc and VF in the fellow eye, none
of the fellow eyes showed progression. At baseline, 209 pa-
tients had bilateral glaucoma, of which 43 showed progres-
sion with 25 showing bilateral progression. These data are

Total 343 patients Unilateral Progression Unilateral
(mean 4.2 years follow-up) [ |  glaucoma 31 patients progression
134 patients (23%) 25 patients
(18%)
Bilateral
Stable progression
103 patients 6 patients
(77%) (4%)
Bilateral : Unilateral
— glaucoma Zg)gg?[iisr:?; progression
209 patients 21%) 18 patients
(9%)
Bilateral
Stable progression
166 patients 25 patients
(79%) (12%)

Fig. 1. The prevalence of progression in all participants.



shown in Fig. 1.

Hence, the BPG group consisted of 31 patients (6 from the
unilateral glaucoma at baseline group and 25 from the bilat-
eral glaucoma at baseline group), while the UPG group con-
sisted of 43 patients (25 with unilateral glaucoma at baseline
and 18 with bilateral glaucoma at baseline). The mean age
was significantly higher in the UPG group than in the BPG
group (58.7 + 10.0 vs. 52.6 £ 3.9 years, p = 0.035). However,
the prevalence of all analyzed systemic diseases was not dif-
ferent between the two groups (Table 1). PEs and NPEs were
compared within the same patient in the UPG group. All
PEs in the UPG group showed more severe clinical charac-

Table 1. Comparison between the unilaterally progressing
primary open angle glaucoma and bilaterally progressing
primary open angle glaucoma groups

Total BPG (n=31) UPG (n=43) p-value
Age (yr) 526+139 587+10.0 0.035
Gender (male / female) 13/18 25/18 0.127
Systemic hypertension (%) 9.7 11.6 0.558
Diabetes (%) 9.7 7.0 0.518
Cerebrovascular 0 23 0.563
accident (%)

Migraine (%) 6.5 23 0.404
Dyslipidemia (%) 3.2 4.7 0.596

BPG = bilaterally simultaneously progressing glaucoma; UPG,
unilaterally progressing glaucoma.
Unpaired #-test, other parameters, chi square test.

Table 2. Comparison between the PE and the NPE within the
same patient in the unilaterally progressing glaucoma group
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teristics in terms of baseline VF parameters. However, base-
line IOP, mean follow-up IOP, CCT, and SE were not signifi-
cantly different between the PE and the NPE (Table 2).

The progression rate determined by the MD slope was
compared between the FPE and the SPE within the same
patient in the BPG group. As expected, the progression rate
was higher in the FPE, but other parameters did not differ
significantly (Table 3). When the PE in the UPG group was
compared to the FPE eye in the BPG group, the progression
rate was significantly higher in the FPE in the BPG group,
but no other parameters differed (Table 4).

Table 3. Comparison between the FPE and the SPE within the
same patient in the bilaterally progressing glaucoma group

FPE SPE p-value
Visual field MD (dB) -63 £ 41 59+£58 0318
Visual field PSD (dB) 77 +3.6 69+45 0476
Baseline IOP (mmHg) 159 +£29 16.1 £3.5 0481
Mean follow-up IOP 150 £ 2.6 154+32 0194
(mmHg)

Central corneal thickness 546.3 + 44.0 544.1 +447 0.075
(um)

Spherical equivalent -199+41  -1.84+44 0385
(diopter)
MD (dB/yr)’ 343 £327 -120+344 0.021

FPE = faster progressing eye; SPE = progressing fellow eye;
MD = mean deviation; PSD = pattern standard deviation; IOP =
intraocular pressure.

"Wilcoxon signed rank test, other parameters, paired -test.

Table 4. Comparison between the progressing eye in the UPG
group and the faster progressing eye in the BPG group

Progressing  Fast progress- value

PE NPE p-value eye of UPG ing eye of BPG P
Visual field MD (dB) -6.9+57 29+39  <0.001 Visual field MD (dB)  -6.9+57 -6.3+41 0.091
Visual field PSD (dB) 79+49 35+34  <0.001 Visual field PSD (dB) 79+49 77+3.6 0.070
Baseline IOP (mmHg) 155+4.1 153+3.8 0.544 Baseline IOP (mmHg) 15.5+4.1 159+29 0.499
Mean follow-up IOP 145+2.8 145+27 0.850 Mean follow-up IOP 145+28 150+2.6 0.247
(mmHg) (mmHg)
Central corneal 5140+282 5191+£280  0.100 Central corneal 5140+282  546.3+44.0 0.106
thickness (pm) thickness (pm)
Spherical equivalent -244+449 -2.58+454 0598 Spherical equivalent  -2.44 +4.49 -1.99+41 0.175
(diopter) (diopter)
MD (dB/yr)’ -070+£126 -0.18+0.84  0.029 MD (dB/yr)’ -070+£126  -343+327 0014

PE = progressing eye; NPE = non-progressing fellow eye; MD
= mean deviation; PSD = pattern standard deviation; IOP =
intraocular pressure.

"Wilcoxon signed rank test, other parameters, paired r-test.

UPG = unilaterally progressing glaucoma; BPG = bilaterally
progressing glaucoma; MD = mean deviation; PSD = pattern
standard deviation; IOP = intraocular pressure.

"Mann-Whitney test, other parameters, unpaired z-test.
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Discussion

According to the data from 343 patients analyzed in this
study, 134 (39.1%) presented with unilateral glaucoma at
baseline. Among these unilateral glaucoma patients, 76.1%
showed glaucomatous optic disc changes in the fellow eye,
while only 32 patients out of all glaucomatous patients
(9.3%) had completely unilateral glaucoma with both a nor-
mal optic disc and a normal VF in the fellow eye. Among
the 134 unilateral glaucoma patients, 23.1% showed progres-
sion during the follow-up period. The fellow eye of the 32
patients with unilateral glaucoma did not show progression
during follow-up, although IOP-lowering treatment was not
performed in those eyes. Among the 209 bilateral glaucoma
patients, 20.6% showed progression. Thus, the overall prev-
alence of progression was similar between patients with
unilateral glaucoma and bilateral glaucoma. Interestingly,
80.6% of patients with progressing disease in the unilateral
glaucoma group demonstrated unilateral progression, while
58.1% of patients with progressing disease in the bilateral
glaucoma group showed bilateral progression. Hence, uni-
lateral glaucoma has a tendency to progress unilaterally and
bilateral glaucoma bilaterally. The reported risk of fellow
eye progression in unilateral glaucoma varies among previ-
ous studies [17-19]. Chen and Park [19] showed that 6.2% of
fellow eyes progressed over a period of 8.7 years. Among
134 unilateral perimetric glaucoma patients, 6 (4.5%)
showed progression in the fellow eye in the present study.

The results from the current study indicated no signifi-
cant differences in the prevalence of any analyzed systemic
disease between the UPG and BPG groups. Overall, the
prevalence of systemic disease was very low in both groups,
which may affect the statistical analysis and contribute to
the lack of significance of the data. In contrast to the present
data, a study by Kim and Kim [13] showed that the preva-
lence of systemic disease was different between patients
with unilateral and bilateral glaucoma. The discrepancy is
likely due to the fact that systemic disease can affect the de-
velopment of bilateral glaucoma, but the progression of dis-
ease is modulated by various factors thus reducing the effect
of systemic disease on glaucoma progression. In fact, risk
factors for the development and progression of glaucoma may
differ. For instance, myopia is known to be a risk factor for
the development of glaucoma but not for progression of the
disease, although this remains under debate [20-25].

When we compared the PE and the NPE in the UPG
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group, the PE showed a more advanced disease status at
baseline. However, there was no difference in IOP, CCT,
and SE between the FPE and SPE in the BPG group.

In the comparison between the PE and NPE in the UPG
group, IOP was not found to differ between the two eyes.
Similarly, IOP did not differ between the FPE and the SPE
in the BPG group. As shown by mean baseline IOP mea-
surements, most of the patients in the current study had low
IOP and can be categorized as having normal-tension or
low-tension glaucoma. Whether a correlation exists between
IOP asymmetry and glaucoma severity in cases of nor-
mal-tension glaucoma has been under debate in previous
studies [26-28]. Some studies have shown that higher IOP is
related to more advanced stages of glaucoma [26,27]. How-
ever, the Low-Pressure Glaucoma Treatment Study reported
that IOP asymmetry is unrelated to VF asymmetry [28].
The present study revealed no differences in IOP between
the PE and the NPE in the UPG group or between the FPE
and the SPE in the BPG group. While IOP reduction sub-
stantially decreased the progression rate in the Collaborative
Normal-Tension Glaucoma Study, some treated eyes also
showed progression in that randomized clinical trial [7].
Thus, taken together, our results and those of previous stud-
ies suggest that factors other than IOP, which may affect the
progression of glaucoma with lower IOP readings, should
be investigated in future studies.

Furthermore, no differences were noted in baseline VF
defect severity and IOP values between the PE in the UPG
group and the FPE in the BPG group; however, the progres-
sion rate was significantly higher in the FPE in the BPG
group. The progression rate of the PE in the UPG group was
-0.70 dB/year, which is approximately two times higher
than the usual progression rates reported in previous ran-
domized clinical trials (-0.36 to -0.41 dB/yr) [29,30]. The
progression rate of the FPE in the BPG group was
approximately five times higher (-3.43 vs. -0.70 dB/yr) than
that of the PE in the UPG group. Thus, we speculate that in
simultaneously bilaterally progressing patients, both eyes
progress faster than the PE in UPG. In contrast, baseline
VF defect severity was not different between the PE in the
UPG group and the FPE in the BPG group.

The current study had several limitations. First, the prev-
alence of systemic disease was determined by self-reported
histories from the patients. Second, the follow-up period
(mean 4.2 years) was relatively short. Considering the
slow-progressing nature of glaucoma, this period may not



be sufficient to observe the natural progression of the dis-
ease. Some cases of unilateral glaucoma may eventually
progress to bilateral glaucoma and some cases with a unilat-
erally progressing eye may show progression in the fellow
eye over time. However, during the four years of observa-
tion in this study, unilateral glaucoma tended to progress
only in the glaucomatous eye, while simultaneously bilater-
ally progressing patients showed much faster progression
rates than those with a unilaterally progressing eye. No sys-
temic factors analyzed in this study significantly differed in
prevalence between the UPG and BPG groups. Therefore,
glaucoma patients with simultaneous bilateral progression
should be treated with caution in clinical practice because
these cases can show relatively rapid progression.
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