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Original Article

Normal-tension glaucoma (NTG) is a form of primary 
open-angle glaucoma (POAG) that develops even within 
the normal range of intraocular pressure (IOP). It is char-
acterized by glaucomatous optic neuropathy and the corre-
sponding visual field defects. While NTG occurs in ap-

proximately 30% to 40% of patients with POAG in 
Western populations [1], it has been reported to be higher 
in East Asian populations. The Japanese Tajimi study [2] 
showed that NTG comprised 92% of POAG patients in its 
study population, and the Korean Namil study [3] reported 
a corresponding rate of 77%. Due to the high prevalence of 
NTG in East Asia, an effective acute management strategy 
is of utmost importance in this region. 

The Collaborative Normal-tension Glaucoma Study 
(CNTGS) [4] and the Low-pressure Glaucoma Treatment 
Study (LoGTS) [5,6] are two of the largest randomized dou-

Purpose: To investigate the current management patterns of glaucoma subspecialists with regard to normal-tension glauco-
ma (NTG) in Korea and to determine the effect of the two largest NTG trials on their clinical practice.

Methods: A questionnaire survey was sent to glaucoma subspecialist members of the Korean Glaucoma Society. The ques-
tionnaire concerned regular practice with respect to NTG and the extent to which it has been influenced by the Collaborative 
Normal-tension Glaucoma Study and the Low-pressure Glaucoma Treatment Study (LoGTS). 

Results: A total of 134 glaucoma subspecialists completed the survey, with a response rate of 56%. The survey reported that 
88% and 78% of glaucoma subspecialists were familiar with the Collaborative Normal-tension Glaucoma Study and the LoGTS, 
respectively. With respect to mild or moderate NTG, most of the respondents (87%–91%) tended to treat their patients 
immediately without waiting for structural or functional progression. Among the respondents, 47 indicated that the LoGTS 
results—according to which, 20% of the respondents tended to use brimonidine more often—affected their management. 
The first-choice topical drugs for NTG were prostaglandin analogues (76%), brimonidine (9%), beta-blockers (8%), and topical 
carbonic anhydrase inhibitor (6%).  

Conclusions: Regarding mild-to-moderate NTG, Korean glaucoma subspecialists tended to initiate treatment without waiting 
for further progression. The impact of the LoGTS on NTG management was not dominant in clinical practice in Korea. Prosta-
glandin analogs are the most frequently selected first-choice drugs for the management of NTG in Korea. 
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ble-blind controlled trials on NTG. The CTNGS provided 
important data on the natural history of NTG and the effects 
of IOP lowering in such cases. In the CNTGS, approximately 
50% of the eyes with NTG remained stable when left un-
treated over the 5-year study period. According to this result, 
it was suggested that the initial NTG treatment should pro-
ceed cautiously. In the LoGTS, the brimonidine-treated NTG 
group relative to the timolol-treated group was less likely to 
show visual field progression over a 30-month follow-up pe-
riod despite a similar IOP decrease. This finding suggests 
that brimonidine might have a possible additional neuropro-
tective effect that delays the visual-field progression rate. 

Despite the high proportion of NTG among glaucoma 
cases in Korea, few studies have been conducted to date 
that accurately describe as to how NTG treatment pro-
ceeds in clinical practice. Kim et al. [7] reported, based on 
a retrospective medical chart review, that the most fre-
quently used glaucoma drugs in Korean NTG management 
are prostaglandin, carbonic anhydrase inhibitor/be-
ta-blocker fixed combination, and brimonidine/beta-block-
er fixed combination. However, no study investigating the 
opinion of Korean glaucoma specialists regarding NTG 
management has been published. Thus, we investigated the 
usual practice of Korean glaucoma subspecialists regard-
ing NTG management and the extent to which the CNTGS 
and LoGTS have influenced their treatment of patients. 

Materials and Methods

Ethics statement

This study was approved by the institutional review 
board of Seoul National University Hospital (1911-181-1083) 
and conducted in accordance with the Declaration of Hel-
sinki. All of the participants provided their written in-
formed consent.

Survey participants

A questionnaire was sent by email to the members of the 
Korean Glaucoma Society (KGS). The eligibility require-
ments for KGS membership are as follows: (1) at least  
2 years of active practice in a glaucoma clinic, including  
1 year of glaucoma fellowship-training, and (2) authorship 
of at least two published papers on glaucoma.

Survey methods 

A Google questionnaire form was used to collect the 
survey responses. The survey was designed such that re-
spondents were able to complete the survey only once. The 
questions and answers referred to published papers [8], all 
of which were written in Korean. The English-Korean 
translation of the questionnaire was certified by a notary 
public office (Bubheung Law and Notary Office Inc., 
Seoul, Korea) authorized by the Minister of Justice, Korea. 
The answers to the questions regarding the frequency of 
practice were given on a five-point scale from always to 
never.

Survey questionnaire

The questionnaire consisted of questions on regular clin-
ical practice in the management of NTG and the extent to 
which their practice has been influenced by the two largest 
clinical trials on NTG (i.e., CNTGS and LoGTS).

Questions 1 and 2 were queries on whether a respondent 
was familiar with the CNTGS and the LoGTS, respective-
ly. Questions 3 and 4 were associated with the determina-
tion of when to start treatment for mild-to-moderate NTG, 
each being the inverse of the other, thus allowing for an in-
ternal check of the responses. Questions 5 and 6 asked 
about the prescription preference between brimonidine and 
beta-blocker, according to the results of the LoGTS. Ques-
tion 7 inquired whether the results of the LoGTS affected 
the respondent when deciding on the management of NTG 
patients. Question 8 asked about the respondents’ first-
choice topical drug for patients requiring drop-therapy for 
NTG. Complete details of the questionnaire are shown in 
Table 1 [8]. 

Results

Survey respondents 

We sent emails to a total of 238 glaucoma subspecialists, 
and 134 of them completed the survey.

The survey response rate was 56.3% (134 / 238). Ques-
tions 3 and 4, which were the inverse of each other, showed 
90.2% matching results.
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Awareness of two clinical trials

Most of the respondents answered that they were famil-
iar with the CTNGS and the LoGTS (88.1% and 77.6%, re-
spectively; questions 1 and 2).

Initiation of NTG treatment

Questions 3 and 4 concerned the starting point of the 
treatment for mild-to-moderate NTG. A binary analysis of 
the responses (always/usually vs. sometimes/rarely/never) 
showed 9.0% vs. 91.0% for question 3 and 87.3% vs. 12.7% 
for question 4, meaning that 87% to 91% of the respon-

Table 1. Questions and overall results 

Question Permitted response Response 
1. Are you familiar with the CNTGS? Yes

No
118 (88.1)
16 (11.9)

2. Are you familiar with the LoGTS? Yes
No

104 (77.6)
30 (22.4)

3.  I follow-up NTG patients with mild or moderate glaucomatous change until they 
have progressive change in the visual field and/or optic disc before initiating 
treatment.

Always
Usually
Sometimes
Rarely
Never
Usually/always
Never/rarely/sometimes

1 (0.7)
11 (8.2)
47 (35.1)
68 (50.7)
7 (5.2)

12 (9.0)
122 (91.0)

4.  On diagnosis of NTG with mild or moderate glaucomatous field change, I 
aim to reduce the IOP at the time of diagnosis, without waiting for visual field 
progression.

Always
Usually
Sometimes
Rarely
Never
Usually/always
Never/rarely/sometimes

27 (20.1)
90 (67.2)
13 (9.7)
4 (3.0)
0 (0)

117 (87.3)
17 (12.7)

5.  As suggested by the LoGTS results, with respect to brimonidine, I tend to use 
brimonidine more often in patients with NTG.

Always
Usually
Sometimes
Rarely
Never
Usually/always
Never/rarely/sometimes

2 (1.5)
24 (18.3)
45 (34.4)
58 (44.3)
2 (1.5)

26 (19.8)
105 (80.2)

6. I avoid using topical beta-blockers in patients with NTG. Always
Usually
Sometimes
Rarely
Never
Usually/always
Never/rarely/sometimes

2 (1.5)
20 (15.2)
43 (32.6)
64 (48.5)
3 (2.3)

22 (16.7)
110 (83.3)

7. Has the LoGTS study affected your management of patients with NTG? Yes
No

63 (47.4)
70 (52.6)

8.  What is your first-choice topical drug when patients require drop-therapy for 
NTG?

P rostaglandin analogue 
or prostamide

Beta-blocker 
T opical carbonic 

anhydrase inhibitor
Brimonidine
Cholinergic

100 (75.8)

11 (8.3)
8 (6.1)

12 (9.1)
1 (0.8)

Values are presented as number (%); This table was adopted from Symes RJ et al. Can J Ophthalmol 2017;52:361-5 [8]. 
CNTGS = Collaborative Normal-Tension Glaucoma Study; LoGTS = Low-pressure Glaucoma Treatment Study; NTG = normal-tension 
glaucoma; IOP = intraocular pressure.  
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dents tended to treat without waiting for further NTG de-
terioration. 

Impact of LoGTS on NTG management 

Of all the respondents, 47.4% answered that the LoGTS 
had influenced their clinical treatment (question 7). Ques-
tions 5 and 6 were related to the results of the LoGTS and 
the preferences of brimonidine or beta-blocker, respective-
ly. To this end, the results of the binary analysis of the re-
sponses (always/usually vs. sometimes/rarely/never) were 
19.8% vs. 80.2% and 16.7% vs. 83.3% for questions 5 and 6, 
respectively, which implies that 80% to 83% of the respon-
dents did not particularly prefer brimonidine over be-
ta-blockers or avoid beta-blockers.

First-choice topical drug for NTG

The respondents stated that prostaglandin analogues 
(75.8%), brimonidine (9.1%), beta-blocker (8.3%), and topi-
cal carbonic anhydrase inhibitor (6.1%) were their first-
choice topical drugs for NTG treatment (question 8). 

Discussion

In East Asian populations, the majority of patients (77–
92%) diagnosed with POAG have IOP under 21 mmHg; 
thus, it would be particularly important to know the re-
al-world practice for NTG management in these regions. 

As we have endeavored to include as many KGS mem-
bers as possible in the survey, we believe that the results 
may effectively represent the current NTG practice in Ko-
rea. Additionally, the response rate of our survey (56.3%) 
was higher than the previously reported mean response 
rate (35.0%) [9] for web-based surveys; thus, our survey 
seems to have been successful in terms of the response 
rate.

The CNTGS suggested two implications: (1) NTG pa-
tients benefit from IOP lowering, and (2) some portion of 
NTG patients (59%) show disease stability without treat-
ment over as many as 5 years of follow-up. Therefore, 
some ophthalmologists suggest that the mode of initial 
NTG treatment should be carefully selected. However, 
87% to 91% of Korean glaucoma subspecialists do not de-
lay the NTG treatment until they confirm a further pro-

gressive change. The progression rate,s and thus, times to 
progression have been known to vary considerably among 
high-tension glaucoma, NTG, and pseudoexfoliation glau-
coma [10]. The progression rate among cases of untreated 
NTG is also highly variable, with some cases showing pro-
gression within a few months [11]. A Japanese study group 
recently reported that the probability of NTG patients pro-
gressing to unilateral blindness was 9.9% at 20 years [12], 
which suggests that the NTG prognosis would be more se-
vere than expected from the CNTGS. Additionally, indi-
vidual factors that increase the risk of progression in NTG 
patients, such as optic disc hemorrhage [4,13], migraine [4], 
female [4], or IOP fluctuation [14,15], can affect the deci-
sion of Korean glaucoma subspecialists on whether to start 
treatment in the real-world clinical setting. 

Symes and Mikelberg [8] reported contemporary 
NTG-management patterns among North American 
(American and Canadian) glaucoma subspecialists, whose 
data was compared with our present findings on Korean 
glaucoma subspecialists (Table 2) [8]. As shown, the North 
American glaucoma subspecialist (98.5%) were more fa-
miliar with the CTNGS than the Koreans (88.1%, p = 
0.001). However, awareness of the LoGTS did not differ 
between the two groups. The Korean group (91.0% and 
87.3%) showed a greater tendency to select immediate 
treatment than did the North American group (72.0% and 
67.4%) (questions 3 and 4, p < 0.001). The North American 
group (34.0%) tended to use brimonidine more often in pa-
tients with NTG than did the Korean group (19.8%) (ques-
tion 5, p = 0.005). Also, the North American group (34.1%) 
tended to avoid using topical beta-blockers more often 
than did the Korean group (16.7%) (question 6, p < 0.001). 
For question 7, the responses of the two groups with regard 
to the impact of the LoGTS did not significantly differ (p 
= 0.67). As for question 8, the first-choice drug for NTG 
was significantly different between the two groups (p < 
0.001): the North American group chose prostaglandin an-
alogues (91.3%), followed by brimonidine (8.0%), and they 
did not select beta-blockers (0%), whereas the Korean 
group selected prostaglandin analogues (75.8%), brimoni-
dine (9.1%), beta-blockers (8.3%), and topical carbonic an-
hydrase inhibitor (6.1%).  

The Korean glaucoma subspecialists, as compared with 
the North American group, tended to start treatment earli-
er without waiting for further progression in mild-to-mod-
erate NTG. According to previous studies, the proportion 
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of NTG among glaucoma patients was 77% [3] in Korea 
and 30% to 40% [1] in Western countries. This difference 
in NTG incidence between East Asian and Western people 
may have influenced the NTG treatment pattern in Korea. 
In terms of the LoGTS, both groups were well-aware of 
the trial, but the Korean group, relative to the North Amer-
ican group, tended to use less brimonidine and more be-
ta-blockers. Brimonidine has the effect of reducing IOP in 
glaucoma regardless of race, whether Asian [16,17] or 
Western [18]; however, there have been no reports on eth-
nic differences in IOP drop. Due to the high drop-out rate 
(36.4%) in the brimonidine group, Korean glaucoma spe-
cialists seem to have relatively less confidence in LoGTS 
results [6]. Another possible reason why Korean glaucoma 

specialists prefer brimonidine less than Western specialists 
is the seemingly higher frequency of occurrence of brimo-
nidine allergy in Asians. Allergic reactions to brimonidine 
have been reported in 7.4% to 25.7% of the Western partic-
ipants [19,20], and in 22.02% of Korean patients [21]. More-
over, as it has been reported that brimonidine metabolism 
is slower and its concentration is higher in highly pigment-
ed eyes compared with relatively non-pigmented eyes 
[22,23], there is a possibility that Koreans with dark brown 
irises might have increased susceptibility to allergies. 
These ethnic differences in NTG management should be 
investigated further by detailed surveying. 

In our results, the overall response rate was 56.3%, and 
thus, this study cannot be considered to completely repre-

Table 2. Results of the Korean glaucoma subspecialists and North American glaucoma subspecialists 

Question Korean glaucoma subspecialist 
(n = 134)

North American glaucoma 
subspecialist (n = 265)

χ2 or Fisher’s exact 
test / p-value

1. Are you familiar with the CNTGS? Yes 118 (88.1) Yes 260 (98.5) χ2 16.081
p < 0.001*

2. Are you familiar with the LoGTS? Yes 104 (77.6) Yes 206 (77.9) χ2 0.004
p = 0.9445

3.  I follow-up NTG patients with mild/
moderate glaucomatous change 
until they have progressive change 
in the visual field and/or optic disc 
before initiating treatment.

Usually/always 12 (9.0) vs.  
never/rarely/sometimes 122 (91.0)

Usually/always 74 (28.0) vs. 
never/rarely/sometimes 191 (72.0)

χ2 17.83
p < 0.001*

4.  On diagnosis of NTG with mild 
or moderate glaucomatous field 
change, I aim to reduce the IOP 
at the time of diagnosis without 
waiting for visual field progression.

Usually/always 117 (87.3) vs.  
never/rarely/sometimes 17 (12.7)

Usually/always 179 (67.4) vs. 
never/rarely/sometimes 86 (32.6)

χ2 17.14
p < 0.001*

5.  As suggested by the LoGTS results, 
with respect to brimonidine, I tend 
to use brimonidine more often in 
patients with NTG.

Usually/always 26 (19.8) vs.  
never/rarely/sometimes 105 (80.2)

Usually/always 90 (34.0) vs. 
never/rarely/sometimes 175 (66.0)

χ2 7.76
p = 0.005*

6.  I avoid using topical beta-blockers 
in patients with NTG.

Usually/always 22 (16.7) vs.  
never/rarely/ sometimes 110 (83.3)

Usually/always 90 (34.1) vs. 
never/rarely/sometimes 175 (65.9)

χ2 12.17
p < 0.001*

7.  Has the LoGTS study affected your 
management of patients with NTG?

Yes 63 (47.4) Yes 133 (50.2) χ2 0.18
p = 0.67

8.  Brimonidine as first-choice topical 
drug in NTG 
Prostaglandin analogue as first-
choice drug in NTG 
Beta-blocker as first-choice drug in 
NTG

12 (9.1)

100 (75.8)

11 (8.3)

21 (8.0)

242 (91.3)

0 (0)

Fisher’s exact test
p < 0.001*

The χ2 test and Fisher’s exact test were used to compare the groups; Values are presented as number (%); This table was adopted from 
Symes RJ et al. Can J Ophthalmol 2017;52:361-5 [8]. 
CNTGS = Collaborative Normal-Tension Glaucoma Study; LoGTS = Low-pressure Glaucoma Treatment Study; NTG = normal-tension 
glaucoma; IOP = intraocular pressure.  
*Statistically significant.
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sent the views of Korean glaucoma subspecialists for NTG 
management. Nonetheless, our response rate was higher 
than the published mean response rate for emailed ques-
tionnaire surveys of physician specialists (35.0%) [9] or 
those of North American glaucoma subspecialists (21%–
23%). In addition, our survey was limited to two of the 
largest NTG clinical trials. Ideally, it would also have been 
interesting to ask the participants about other factors relat-
ed to NTG management, such as nocturnal hypertension, 
diastolic blood pressure [24], or neuroprotective agents 
(e.g., Gingko biloba [25]). However, to maximize the ques-
tionnaire completion rate, it was necessary to keep it rela-
tively short.  

In conclusion, Korean glaucoma subspecialists tended to 
treat patients with mild-to-moderate NTG without waiting 
for disease progression. A minority of Korean glaucoma 
subspecialists have been influenced by the LoGTS results. 
Prostaglandin analogs are the most selected first-choice 
drug for the management of NTG. 
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