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Since the introduction of optical coherence tomography
(OCT), this procedure has transformed both the diagnosis
and the measurement of the treatment efficacy in glaucoma
patients. Furthermore, OCT has become one of the most com-
mon imaging modes for evaluations of the optic nerve head
(ONH) [1], the retinal nerve fiber layer (RNFL) [2], and the
macular thickness [3]. When diagnosing and monitoring
glaucoma patients, both structural and functional tests are
necessary. Thanks to advances in OCT imaging, such as
swept-source OCT and enhanced depth imaging OCT, this
has made it possible to perform in vivo imaging of the
ONH deep tissues [4, 5]. In addition, it is now possible to
differentiate healthy eyes, suspected glaucoma, and glaucoma-
tous eyes of varying severities based on the quantitative assess-
ments of the microcirculation in the ONH and peripapillary
region. Furthermore, the diagnostic accuracy that is seen with
this technology has been demonstrated to be similar to that
seen for both the visual fields [6] and the RNFL thickness [7].

The purpose of this special issue is to present several new
approaches that use OCT in the management of glaucoma
patients. For this special edition, we received nine submis-
sions in total, and based on these valuable review reports,
we have accepted seven original high-quality research articles
for publication within this issue. The papers contained within
cover a variety of topics and approaches, ranging from the
observation of the goniostructure to examinations of the bleb
wall after trabeculectomy, along with investigations of the
RNFL and macular ganglion cell-inner plexiform layer thick-
ness or optic disc, impact adherence, and the morphology of
the scotoma. Moreover, the novel and innovative approaches
discussed in these articles may help to stimulate further

research into the management of glaucoma patients. The
team of guest editors chosen to select the papers for inclusion
in this special issue believes that the results included here
reflect recent and current trends in this exciting research
field, in addition to outlining new ideas for further studies
into the management of glaucoma patients.
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Purpose. To examine the influence of optic disc size on the diagnostic accuracy of optic nerve head (ONH) parameters determined
by Cirrus spectral-domain optical coherence tomography (Cirrus HD-OCT).Methods. A total of 51 eyes of 51 normal participants
and 71 eyes of 71 glaucoma patients were examined. ONH imaging was obtained by Cirrus HD-OCT. Sensitivity at a fixed 90%
specificity along with the area under the receiver operating characteristic curve (AUC) for continuous parameters were analyzed.
We also examined the coefficients of variation (CoV) for sensitivity estimates, as these have been used to test and quantify the
influence of optic disc size on diagnostic accuracy. The influence of optic disc size on the glaucoma diagnosis was assessed by
the likelihood ratio chi-square test. Results. Among the continuous parameters, the best diagnostic accuracy was seen for the
average rim area, which had an AUC of 0.96. The most reliable factor across the disc size groups was the rim area (CoV, 2.8%).
The diagnostic accuracy of the rim area did not appear to be influenced by optic disc size (P = 0 17). Conclusions. The high
diagnostic accuracy of the rim area demonstrated by Cirrus HD-OCT for the quantitative assessment of the ONH was not
significantly affected by disc size in this study.

1. Purpose

Primary open-angle glaucoma (POAG) is a chronic disease
characterized by a progressive loss of retinal ganglion cells
[1]. This cell loss leads to structural damage that includes a
progressive regional or diffuse thinning of both the retinal
nerve fiber layer (RNFL) and the neuroretinal rim within
the optic nerve head (ONH), followed by functional loss, as
shown by progressive visual field defects [2].

Optical coherence tomography (OCT) is a noninvasive
technology that has been extensively used to evaluate many
retinal and optic nerve diseases. OCT can be used to analyze
and measure not only the peripapillary RNFL thickness [3–5]
but also topographic parameters of the ONH, including the
disc area, neuroretinal rim area, and the cup-to-disc ratio
[6]. Since 2002, time-domain OCT (Stratus OCT, Carl Zeiss
Meditec, Dublin, CA) has been used for ONH analysis. The
recently validated spectral-domain technology, such as the
Cirrus HD-OCT (version 5) (Carl Zeiss Meditec), has been
shown to provide a better approach for identifying the retinal

pigment epithelium (RPE) in the vicinity of the disc, thereby
ensuring that the termination point of Bruch’s membrane
can be found [7, 8]. Moreover, software version 6.0 of the
Cirrus HD-OCT system has led to a further significant
improvement of the ONH segmentation quality.

The Heidelberg Retinal Tomograph (HRT; Heidelberg
Engineering GmbH, Dossenheim, Germany) is the leading
device for 3-dimensional quantitative studies and classifica-
tion of the ONH shape [9, 10]. Subsequent studies have
shown that the accuracy of the discrimination between
normality and glaucoma is significantly influenced by both
the ONH shape and size. Specifically, it has been demon-
strated that larger optic discs are associated with lower
specificities, while smaller discs are associated with lower
sensitivities [11–14]. Therefore, these can potentially limit
the role of quantitative ONH assessments during the clinical
diagnostic process.

The purpose of the current studywas to examine the influ-
ence of the ONH size on the diagnostic accuracy of the ONH
quantitative assessment determined by the Cirrus HD-OCT.
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2. Methods

A total of 71 glaucoma patients and 51 normal participants
were enrolled in the study. All patients were examined at
Kagawa University Hospital between August 2012 and
November 2012. Among the patients, 27 had POAG while
44 had normal-tension glaucoma (NTG). After being
provided with a detailed explanation of the study, all eligible
participants signed an informed consent form in accordance
with the principles embodied in the Declaration of Helsinki.
The Institutional Review Board of the Kagawa University
Hospital approved this study. The normal control group con-
sisted of participants attending outpatient clinics, spouses
and friends of the recruited patients, and volunteers from
our hospital staff.

All participants underwent a complete ophthalmic exam-
ination. Tests performed included visual acuity testing with
refraction, intraocular pressure (IOP) measurement, gonio-
scopy examination, and a dilated fundus examination with
stereoscopic biomicroscopy of the optic nerve head con-
ducted via slit lamp and indirect ophthalmoscopy. All partic-
ipants were required to have a best-corrected visual acuity of
20/40 or better, a spherical error within a range between +4.0
and −6.0 diopters, a cylinder within ±2.0 diopters, and open
angles (grade 3 and 4 according to Shaffer grading) in order
to be included in the study. Subjects were excluded if they
had a history of any kind of retinal pathology or neurologic
disease or had previously undergone a retinal laser procedure
or retinal surgery. One eye was randomly chosen for exami-
nation in each participant in the study. The enrolled normal
controls were required to have a normal visual field with an
IOP≤ 21mmHg and no history of retinal pathology. Eyes
were defined as being glaucomatous if they exhibited struc-
tural glaucomatous changes that included a cup-to-disc ratio
of ≥0.6, vertical cup-disc asymmetry between fellow eyes
of ≥0.2, and narrowing of the neuroretinal rim, notches,
localized pallor, or the presence of defects in the RNFL
with glaucomatous VF loss in the corresponding hemifield.
In order for the VF to be defined as glaucomatous, the
glaucoma hemifield test (GHT) had to be outside of the
normal limits, and after excluding the points on the edge of
the field or those directly above and below the blind spot, it
was necessary for at least three contiguous test points to be
present within the same hemifield on the pattern deviation
plot at P < 1%, with at least one at P < 0 5% [15]. The target
condition under investigation was “definite glaucoma,” and
the reference standard in this study was VF defect definition
and structural glaucomatous change.

The severity of the visual field damage was assessed using
the VF index (VFI). Details of the VFI calculation have been
described elsewhere [16]. In brief, the VFI represents the per-
centage of normal age-corrected visual function, with this
value intended for use in calculating the progression rates
and staging of glaucomatous functional damage. Use of VFI
to evaluate the rate of functional loss in glaucomatous eyes
has been suggested to be less susceptible than the mean devi-
ation to the effects of cataract or diffuse media opacities [17].
VFI values can range from 100% (normal visual field) to 0%
(perimetrically blind field).

3. Cirrus HD-OCT Imaging

All eyes were scanned by the Cirrus HD-OCT system, which
used software version 6.0. The ONH was centered on the live
image, after which the centering and enhancement were opti-
mized. Subsequently, the laser scanned a 6× 6 mm area,
which captured a cube of data that consisted of 200 A-scans
from 200 linear B-scans (40,000 points) over approximately
1.5 s (27,000 A-scans). After first determining the optic disc,
the Cirrus HD-OCT algorithms automatically placed a calcu-
lation circle of 3.46mm in diameter evenly around the disc.
Software version 6.0 calculated the ONH parameter results
via the use of a fully automatic algorithm that defined both
the disc and cup margins within the three-dimensional data
cube. The present study performed global measurements that
included the disc area, rim area, cup-to-disc ratio, horizontal
cup-to-disc ratio, and cup volume as previously described
[18]. All the scans had a signal strength of at least 6. Both
VF testing and OCT measurements were performed during
the same visit.

4. Statistical Analysis

Continuous data were described by mean values± standard
deviation (SD) while categorical data were described by
frequency analysis. Differences between the control and
glaucoma groups were assessed by an independent Student’s
t-test, and the chi-square test for categorical parameters.
P < 0 05 was considered statistically significant. Sensitivities
were compared between the parameters by choosing cutoff
points that corresponded to a fixed 90% specificity. The influ-
ence of disc size on the diagnostic accuracy of the imaging
devices under evaluation was assessed using the following
method. The study population was first divided into 2 disc
size groups based on the cutoff of the median value of the disc
area [19]. Analyses were then performed in both groups, with
the coefficient of variation (CoV) calculated for the sensitiv-
ity estimates using the following formula: CoV= [standard
deviation of sensitivities across the disc size groups/mean of
the sensitivities across the disc size groups]∗ 100. The
influence of the optic disc size on the glaucoma diagnosis
was subsequently assessed by each parameter of OCT and
was assessed by likelihood ratio chi-square test. Statistical
analyses were performed using SPSS version 19.0 (IBM,
New York).

5. Results

Table 1 presents the basic characteristics of the diagnostic
groups. Patients in the glaucoma group were significantly
older than the participants in the normal group. Figure 1
shows the distribution of the disease severity, which was
based on the VFI in the glaucomatous eyes. Figure 2 shows
the distribution of the optic disc size in the entire cohort.
The mean disc area was 1.91± 0.41mm2 (median, 1.84).

Thirty-four glaucoma patients and 25 normal partici-
pants were in small disc group and 37 glaucoma patients
and 26 normal participants were in large disc group
(Table 2). The rim area provided a sensitivity of 92% at a
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specificity of 90%, which corresponded to a cutoff of
0.96mm2. The variability of the diagnosis sensitivity across
the disc size ranged from 2.8% to 48.9%, with the rim area
parameter found to produce the most stable values among
the small and large discs (sensitivity of 88% and 92% in the
small and large discs, respectively; CoV=2.8%). Sensitivity
at fixed specificity was recovered from the receiver operating
characteristic curve plot.

Glaucoma diagnosis using the rim area was not affected
(P = 0 17) by the disc size, although the other parameters
were associated with diagnosis (P < 0 05, Table 3).

There was no significant difference of disease severity
between the large disc group (81.5± 21.1%) and the small
disc group (75.7± 23.2%; P = 0 28).

6. Discussion

In the current study, we demonstrated that the optic disc size
did not influence the accuracy of the Cirrus HD-OCT when
determining the ONH rim area parameter. While the rim

area was determined to be the most sensitive of the ONH
parameters (sensitivity 92%), the cup volume, however, was
found to be a poor diagnostic parameter. A previous study
has shown that values above 80% for fixed specificities of
90% indicate very good discriminating capabilities between
healthy and glaucomatous eyes [20].

Other previous studies [11–14] that used the Heidelberg
Retina Tomograph (HRT, Heidelberg Engineering, Heidel-
berg, Germany) have shown that the size of the optic disc
can significantly influence the diagnostic accuracy of a quan-
titative ONH assessment, with larger discs associated with
lower specificities and smaller discs associated with lower
sensitivities. Coops et al. previously reported that optic disc
size had a significant effect on the HRT3 classification, with
an estimated 21% increase in the odds of a positive glaucoma
probability score (GPS) classification and a 15% positive
Moorfields regression analysis (MRA) classification for each
0.1mm2 increase in disc size [17]. The diagnostic accuracies
for the HRT parameters, particularly the linear discriminant
functions and the MRA, have been found to improve in con-
junction with increasing disc sizes. It has been suggested that
this may be due to difficulties in detecting the neuroretinal
rim loss in a small disc as compared to a large disc [19].

In contrast to these previous findings, Medeiros et al.
recently demonstrated that the sensitivities of the Cirrus
HD-OCT RNFL parameters were not significantly influenced
by the size of the optic disc [19]. Instead, they reported that
larger discs were associated with higher sensitivities, and that
these were responsible for significantly influencing the HRT
diagnostic performance. It has also been reported that the
disc size has no significant influence on the AUCs for any
of the RTVue (Optovue, Fremont, CA) scanning protocols
[21]. Additionally, the rim area has been shown to have very
good sensitivities when above 80% for fixed specificities of
90% in both small and large discs. This demonstrates the
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Figure 1: Distribution of disease severity, as measured by the VFI in
the glaucoma group.
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Table 1: Clinical characteristics in study participants.

Normal Glaucoma P value

N 51 71

Age (y) 61.0± 10.1 64.5± 11.7 0.09

Gender (M/F) 24/27 25/46 0.19

MD (dB) −6.85± 7.66
VFI (%) 78.4± 22.1
Disc size (mm2) 1.89± 0.36 1.92± 0.45 0.64

Spherical equivalent (D) −1.26± 1.98 −1.00± 2.30 0.51

M: male; F: female; MD: mean deviation; VFI: visual field index.
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excellent capabilities of this parameter for successfully
discriminating between healthy and glaucomatous eyes. At
the present time, it is unknown why HRT imaging is affected
by disc size while OCT appears not to be affected. One
possible explanation could be that there was a type II error
associated with this study.

Since diagnostic accuracies are significantly influenced by
disease severity [19, 21–23], it is important to adjust for the
severity of diseases when comparing the effect of the disc size
on the diagnostic accuracy of the imaging tests. In the current
study, we found no significant differences for disease severity
between the large and small disc groups.

One of the limitations of our current study was that the
sample size in this study was modest, which could have led
to relatively wide confidence limits for our estimates of the
sensitivity. Also, we based the disc size in this study on the
Cirrus HD-OCT disc area. By using the disc area from the
same instrument, this could have potentially introduced bias
for the other parameters that were being evaluated. There-
fore, in order to determine more precise estimates of the
diagnostic accuracy, larger studies will need to be undertaken
in the future.

In conclusion, the results of this study indicate that
Cirrus HD-OCT can be used to precisely determine the
ONHrimarea,with variations in the optic disc size having vir-
tually no or only a minimal effect on the diagnostic accuracy.
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Background. The possible sequel of poorly controlled intraocular pressure (IOP) includes treatment failure, unnecessary
medication use, and economic burden on patients with glaucoma. Objective. To assess the impact of adherence and instillation
technique on IOP control. Methods. A cross-sectional study was conducted on 359 glaucoma patients in Menelik II Hospital
from June 1 to July 31, 2015. After conducting a Q-Q analysis, multiple binary logistic analyses, linear regression analyses, and
two-tailed paired t-test were conducted to compare IOP in the baseline versus current measurements. Results. Intraocular
pressure was controlled in 59.6% of the patients and was relatively well controlled during the study period (mean
(M) = 17.911mmHg, standard deviation (S) = 0.323) compared to the baseline (M = 20 866mmHg, S = 0 383, t (358) =−6.70,
p < 0 0001). A unit increase in the administration technique score resulted in a 0.272mmHg decrease in IOP (p = 0 03).
Moreover, primary angle-closure glaucoma (adjusted odds ratio (AOR) = 0.347, 95% confidence interval (CI): 0.144–0.836) and
two medications (AOR = 1.869, 95% CI: 1.259–9.379) were factors affecting IOP. Conclusion. Good instillation technique of the
medications was correlated with a reduction in IOP. Consequently, regular assessment of the instillation technique and IOP
should be done for better management of the disease.

1. Introduction

Glaucoma is a type of eye disorder resulting from optic neu-
ropathy and leads to a progressive loss of retinal ganglion cell
axons and ultimately irreversible blindness if left untreated
[1–3]. It is the foremost cause of blindness among blacks
[4] and the second leading cause of blindness globally next
to cataract [5]. Worldwide, about 64 million people were
affected by glaucoma in 2013 and this prevalence is expected
to reach 76.0 and 111.8 million by 2020 and 2040, respec-
tively [2]. Glaucoma inexplicably affects more Africans and
Asians than whites [6] and it is considered as a public health
problem in sub-Saharan Africa [7].

Because elevated intraocular pressure (IOP) is a major
risk and causal factor for glaucoma [3], hence, hypotensive
medications are prescribed as primary medications to control
this pressure [8, 9]. Different studies proved that an elevated
IOP hastens optic nerve head damage and waning of the
visual field unless good adherence and appropriate instilla-
tion proficiency of topical glaucoma medications are strictly
followed by the patients [10, 11].

During application of topical glaucoma medications into
the eye, the administered dose could be lost through leakage
and the punctum route. Approximately 80% of the adminis-
tered drug could be removed from this route and go into the
systemic circulation. Accordingly, the eyelid should be closed
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and the punctum route should be occluded in order to max-
imize the ocular bioavailability and to minimize the adverse
systemic effects of these topically applied medications. Both
these techniques serve to increase the therapeutic index of
these eye drops and minimize dosage requirements [12, 13].

Previous studies showed that a large proportion of
patients improperly administer their eye drops. For instance,
a multicenter study from ten centers across Canada showed
that over 50% of the patients were either nonadherent or
demonstrated improper instillation proficiency [14]. A study
conducted by Sleath et al. also found that 44% of the patients
reported frequently missing the eye during attempted drop
application [15]. A further study by Stone et al. also found
that 17%–25% of patients were unable to effectively apply
eye drop medications to their eye [16].

There are many factors that lead to poor control of IOP.
Uncontrolled IOP could be due to poor adherence and/or
incorrect instillation technique such as missing the eye
during application. Possible sequel of poorly controlled IOP
includes treatment failure, unnecessary use of additional
medications, and economic burden on the patients [17–19].
The goal of every efficient antiglaucoma therapy is the attain-
ment of target IOP. Target IOP is the level of IOP that is
related to an insignificant likelihood of optic nerve damage
and/or visual field loss. An association between the curve of
IOP decrease and glaucoma progression is demonstrated in
previous studies. In general, better protection from the loss
of vision and visual field impairment in glaucoma patients
could be achieved through reduced level of IOP [20]. Con-
sequently, this study was done to assess the impact of
adherence and instillation proficiency of topically applied
medications on intraocular pressure among patients
attending the glaucoma clinic of Menelik II Hospital.

2. Methods

The study was conducted at the glaucoma clinic of Menelik II
Hospital (Addis Ababa, Ethiopia) using a cross-sectional study
design. Patients, who attended the clinic from June 1, 2015, to
July 31, 2015, were enrolled in the study to determine their
level of intraocular pressure. Their medical records were
reviewed for the type and severity of glaucoma and intraocular
pressure in the baseline and current measurements. Baseline
measurements and current measurements were extracted
from the patients’ record and were referring to the measure-
ments of IOP during the first visit in the hospital and at the
end of the data collection period, respectively. All glaucoma
patients who were obtaining services at the clinic during the
study period were considered as the study population. To
select samples from the study population, a systematic ran-
dom sampling technique was used in this study.

To estimate the minimum sample size required for the
study, a single population estimating formula [21], accompa-
nied by a conservative sample estimate (since there was no
information from similar studies, past studies, or studies
done on similar populations and no pilot study about the
proportion was done), was used. The following points were
taken into consideration during the sample size calculation:
95% confidence interval, 80% power of the study, 5% margin

of error, 10% attrition, and 0.5 prevalence. Therefore, the num-
ber of study samples for this study was found to be 359. On
average, 2110 patients were being served at the clinic per two
months (statistics office of the hospital). Accordingly, the sam-
pling interval (k) was calculated to be six (k=2120/359=6). A
starting number (i.e., two) was chosen randomly and blindly
from number one to six so that patients were recruited in this
study at every second interval from a list of six patients.

Besides the above methodological aspects, the following
inclusion and exclusion criteria were applied in the study.
Patients who were 18 years and older, diagnosed with glau-
coma or ocular hypertension, were on eye drops for at least
six months, had a regular follow-up, and had not undergone
either laser or glaucoma surgery in the past three months
were included in the study. Glaucoma patients with post-
operative follow-up without having any medications and
who were not willing to give informed written consent were
excluded from the study.

An appropriate two-day training was given to three
ophthalmic nurses before data collection. The data collectors
had more than three years of work experience at the clinic,
but neither recently nor currently working at the clinic
during the study period. The data collection tool was pre-
tested in 18 patients (5% of the sample size) to maximize
the quality of data. Adherence to topical glaucoma medica-
tions and instillation technique were measured using the
Morisky Medication Adherence Scale-8 [21–25] and aWorld
Health Organization (WHO) recommended Eye Drop Instil-
lation Technique [2, 9, 12, 26]. The IOP was measured in the
hospital using a standardized and calibrated tonometry.
Notwithstanding differences in the control of IOP among
studies, a favorable strategy to achieve IOP control is
20% reduction from the initial IOP or below 18mmHg
in an advanced stage of glaucoma. In patients with initial
glaucoma, 25% reduction from the initial IOP will slow
down the disease progression by 45% [20]. Accordingly,
in this study, an IOP was deemed to be controlled if there
was more than 20% reduction for moderate and advanced
glaucoma, and more than 25% in early glaucoma or the
target IOP (10–21mmHg) have been achieved.

Data were entered using Epi Info™ version 3.5.3 and
analyzed using SPSS® version 21. Factors affecting con-
trolled IOP were identified using multiple logistic regression.
Likewise, multiple linear regression was done, after incorpo-
rating variables that were statistically significant at p < 0 2
during the bivariate analysis, to relate intraocular pressure
with the level of adherence and instillation technique.
After conducting Q-Q plots to determine the distribution
normality of the IOP, a two-tailed paired t-test was also
employed to assess the level of IOP control in the baseline ver-
sus the current measurements of IOP. Statistical significance
for the aforementioned analyses was declared at p < 0 05.

3. Results

3.1. Sociodemographic and Clinical Characteristics. The
response rate in this study was found to be 100%. Concerning
the sociodemographic characteristic of the patients, more
than two-thirds (69%) of the patients were males. The mean
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age of the participants was found to be about 61± 12.34 years
ranging from 18 to 88 years. Furthermore, approximately one
in three (32%) of the patients was retired. Despite the fact
that a large proportion (90%) of the patients was living in
urban areas, a lower educational level accounted for 64% of
the patients. The sociodemographic data of these patients
have been previously published [27, 28].

The mean duration of taking topical glaucoma medica-
tions for patients who had uncontrolled and controlled
IOP were 4.92 years (standard error of mean (SE): ±0.40;
95% CI: 4.13–5.71; range: half a year to 20 years) and
5.61 years (SE: ±0.38; 95% CI: 4.87–6.35; range: half a year
to 48 years) (Figure 1).

The severity of glaucoma in these patients showed that
advanced, moderate, and early glaucoma accounted for about
24%, 64%, and 12% of the patients, respectively. The most
common type of glaucoma was pseudoexfoliative glaucoma,
responsible for about 41% of the disease followed by primary
open-angle glaucoma (27%) Figure 2.

In this study, based upon the international council of
ophthalmology’s classification for visual acuity [29], about
34%, 37%, and 32% of the patients were having (near) normal
vision, low vision, and (near) blindness.

3.2. Eyelid Closure and Nasolacrimal Occlusion. Almost all of
the study participants (98%) claimed that they were not
occluding their nasolacrimal route during the application of
glaucoma medications. In contrast, approximately 91% of
the patients claimed the closure of their eyelid (Figure 3).

3.3. Level of Intraocular Pressure Control. The mean IOP, in
mmHg, in the right eye and left eye was 17.8 (SD: ±7.7; range:
8 to 52) and 18.3 (SD: ±8.8; range: 6 to 61), respectively. For

more than half of the patients, their IOP in the left eye (59%),
right eye (57%), and both eyes (60%) were controlled using
the glaucoma medications. The overall level of controlled
IOP was found to be about 60% (Figure 4).

To test normality of the mean IOP of the patients for the
purpose of linear regression analysis and paired t-test, a Q-Q
plot was made. The Q-Q plots of IOP revealed that the pres-
sure was almost normally distributed with a slight skewness
to the left (−0.523± 0.129).

Figure 5 shows a relationship of a percentage of difference
IOP (reduction or increment) from the baseline in relation to
the duration of taking glaucoma medication by a number of
medications (panel a) and types of glaucoma medications
(panel b). Generally, there was a greater reduction of intraoc-
ular pressure as the time of medications increased, as
expected. A relatively slightly better IOP was controlled for
patients taking timolol and pilocarpine compared to other
medications (Figure 5).

Of the 113 patients who claimed to be highly adherent to
their topical glaucoma medications, 57% of them had con-
trolled IOP and the remaining (43%) had uncontrolled
IOP. Likewise, among 62 patients who were appropriately
instilling their topical glaucoma medications, 61% of them
had controlled IOP compared to 39% of them whose IOP
was not controlled.

Adherence status was found to be statistically associated
with the instillation technique of topical glaucoma medica-
tions. Accordingly, the odds of appropriately instilling glau-
coma medications were about 68% (crude odds ratio
(COR)=0.318, 95% CI: 0.174–0.579, p < 0 0001) and 76%
(COR=0.245, 95% CI: 0.096–0.621, p < 0 003) lower for
patients with medium and low level of adherence, respectively,
compared to those with high level of adherence (Table 1).
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Figure 1: Level of intraocular pressure by the duration of taking glaucoma medications in Menelik II Hospital, 2015. ∗Outliers.
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Regarding the association of the status of adherence with
IOP, a unit increase in the score of nonadherence results in a
0.026mmHg increase in IOP (p = 0 665). Concerning the

administration technique, a unit increase in the score of
administration technique results in a 0.272mmHg decrease
in IOP (p = 0 03) (Table 2).

The glaucoma patients had also a lower score of IOP
during the study period (mean (M) = 17.911, standard
error (S) = 0.323) compared to the baseline measurements
(M = 20 866, S = 0 383, t (358) =−6.70, p < 0 0001).

3.4. Factors Associated with Intraocular Pressure. The list
of factors associated with the IOP is summarized in
Figure 6. Accordingly, the glaucoma type and the number
of glaucoma medications were found to be factors that
were significantly associated with controlled IOP. Patients
with primary angle-closure glaucoma were having 65%
(adjusted odds ratio (AOR)=0.347, 95% confidence inter-
val (CI): 0.144–0.836, p < 0 018) lower odds of controlled
IOP compared to patients with pseudoexfoliative glau-
coma. Furthermore, the odds of having controlled IOP in
patients who were taking two medications were almost
twofold (AOR=1.869, 95% CI: 1.259–9.379, p < 0 047)
more compared to patients who were taking only one
medication (Figure 6).

4. Discussions

This study assessed the impact of glaucoma medications on
the level of IOP control. In the previous publications, 42.6%
of the patients were found to be adherent to their prescribed
hypotensive agents [27] and the rate of the appropriate
administration technique was also found to be 17.3% [28].
Despite the importance of assessing the adherence behavior
towards the prescribed medications and administration tech-
nique of eye drops in glaucoma management, their effect on
the treatment outcome of glaucoma, that is, intraocular pres-
sure should be determined. Accordingly, for about 60% of the
study participants, their IOP was controlled using the glau-
coma medications. This finding might be substandard as
substantiated by the findings that the majority (57%) of the
patients were being nonadherent to their medications and
most (83%) of the patients were not appropriately
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Table 1: Association of medication adherence with instillation proficiency among patients attending the glaucoma clinic of Menelik II
Hospital, 2015.

Adherence
Instillation proficiency, n (%)

COR (95% CI) p value
Inappropriate Appropriate

High adherence 79 (69.9) 34 (30.1) ref

Medium adherence 161 (88.0) 22 (12.0) 0.318 (0.174–0.579) 0.0001

Low adherence 57 (90.5) 6 (9.5) 0.245 (0.096–0.621) 0.003

CI: confidence interval; COR: crude odds ratio.

Table 2: Association of intraocular pressure with adherence and administration technique among patients attending the glaucoma clinic of
Menelik II Hospital, 2015.

Variable Beta estimate (SE) CI (p value)

Adherence 0.026 (0.325) −0.613 to 0.665 (0.936)

Administration technique −0.272 (0.214) −0.692 to −0.149 (0.03)
CI: confidence interval; SE: standard error of mean.
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administering their topical glaucoma medications, according
to the WHO guide. In this study, almost 60% of the study
participants were neither adherent nor properly adminis-
tered their eye drops, which was similar to studies that
reported analogous rates in the USA [30], Greece [10], and
Canada [14].

Besides the above findings, the present study also
revealed that 77.2% of the study participants closed their
eyes, but only 2.2% of them occluded their punctum route
for at least two minutes during the administration procedure.
Nevertheless, this result deviated from a study done in India
that indicated a prevalence rate of about 29% of eyelid closure
and 6% for punctum occlusion [18]. This difference might be
instigated from discrepancies in patient education and
awareness regarding instillation of eye drops and from varia-
tions in study methods. The practice of punctum occlusion
was much poorer in the present study and almost all of
the study participants admitted that they never occluded
the punctum route. This poor practicing might be emanating
from the poor patient education system and the unavailability
of posters and brochures regarding instillation proficiency
in the study center.

Among the patients who claimed to be adherent and who
were appropriately instilling their medications, about two-
thirds of them had controlled IOP. Being adherent and
applying eye drops correctly maximize the intraocular con-
centration of the medications and minimize the systemic
adverse effects. This could lead to a cumulative effect of better
control of IOP. Furthermore, patients with high level of
adherence were more likely to accurately administer their

eye drops compared to patients with a low and medium level
of adherence. This finding was attributable to the more
cautious nature of the adherent patients in the correct
instillation of their medications. This implied that adher-
ence and instillation proficiencies are interconnected and
poor practicing in instillation proficiency could jeopardize
adherence and vice versa.

Another finding of this study also showed that a unit
increase in a score of the nonadherence and in a score of
the administration technique results in a 0.026mmHg
increase and a 0.272mmHg decrease in the IOP, respectively.
Improper instillation proficiency and poor adherence
increase failure to deliver the desired drug to the eye and in
turn lead to wasted medication. This, in turn, leads to poor
IOP control and eventually augments frequent changes in
the types of prescribed medications and more frequent hos-
pital visits [31]. In contrast, enhancement of drug delivery,
improvement in treatment effectiveness, and reduction of
the number of patient visits to the hospital could be achieved
through good adherence and proper instillation technique of
the medications [31]. Thus, eye care providers and other
stakeholders should give more emphasis on the proper edu-
cation of adherence, instillation technique, and their effect
on IOP control.

Glaucoma patients had better controlled IOP at the end
of the study period compared to the baseline measurements.
Despite the poor instillation proficiency and suboptimal
adherence observed among the study participants, applica-
tion of these medications results in the overall reduction of
the IOP through their pharmacodynamic mechanism.
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Figure 6: Factors associated with controlled intraocular pressure among patients attending the glaucoma clinic of Menelik II Hospital, 2015.
The following factors were used in the logistic regression model: age, sex, marital status, ethnicity, educational level, residence, religion,
occupation, monthly family income, type and severity of glaucoma, duration of the glaucoma in years, duration of taking medications in
years, average follow-up period per year, the presence of previous surgery or laser treatment, major comorbidities, side effects of
medications, acquisition of the medications (free of charge or not), financial problem to purchase the medications, the presence of other
types of eye drops, adherence towards the medications, and instillation proficiency of the eye drops. The factors were assumed statistically
significant at p < 0 05 and the end of the bar graph shows the odds ratio. PACG: primary angle-closure glaucoma; PEG: pseudoexfoliative
glaucoma; POAG: primary open-angle glaucoma. ∗Secondary glaucoma, ocular hypertension, normal tension glaucoma, juvenile glaucoma
∗∗latanoprost; pilocarpine; timolol and latanoprost; timolol with other types of eye drops; pilocarpine with other types of eye drops;
latanoprost with other types of eye drops; timolol, latanoprost, and pilocarpine; timolol and latanoprost with other types of eye drops;
timolol and pilocarpine with other types of eye drops.
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The number of medications and type of glaucoma were
statistically associated with the level of IOP control. Accord-
ingly, patients who were taking two glaucoma medications
were more likely to have a controlled IOP compared to
patients who were taking only one medication. Applying dif-
ferent medications with a different mechanism of action will
effectively lower IOP more than a single medication. On the
contrary, patients with primary angle-closure glaucoma had
lower odds of controlled IOP compared to patients with pseu-
doexfoliative glaucoma and this might be attributable to the
aggressive nature of the latter disease (i.e., pseudoexfoliative
glaucoma) which tied to more attention and close follow-up
for patients with this disease. On the other hand, the character-
istics of the study participants might affect the nonexistence of
a relationship observed among controlled IOP with sociode-
mographic factors, adherence level, and instillation profi-
ciency. Demographic factors might have less influence on the
level of IOP because of a longer duration of glaucoma (with a
mean of 5.6 years) and a lengthy period of taking the topical
glaucoma medications (with a mean of 5.4 years).

The present study has certain limitations. Primarily, the
nature of the design, that is, cross-sectional, did not allow a
longitudinal follow-up of the study participants to compre-
hensively identify the factors contributing for uncontrolled
IOP. Secondly, two measurements, the baseline and current,
were used to assess IOP control. The baseline measure-
ment—which was assumed as the first measurement recorded
during their first follow-up in the hospital—might not neces-
sarily mean the actual baseline measurements as some of the
patients might be referred from other eye care centers with
medications. Besides this, variability in IOP measurements
can occur as a function of instrumentation or even in patients’
own diurnal variation. Thirdly, the value of controlled IOP
depends on the pretreatment level of IOP and other factors.
However, these factors were difficult to assess during the
study period and hence, future studies should be done consid-
ering these factors. Lastly, self-reported adherence has been
shown to be poorly predictive of adherence compared to
objective measurements such as electronic monitoring.
Therefore, objective measurements of adherence using drug
concentrations and with longer assessment follow-up periods
should be planned in future studies.

5. Conclusion

There was a substandard level of controlled intraocular
pressure in the tertiary referral hospital. Good instillation
technique of topical glaucoma medications is correlated
with a reduction in intraocular pressure. Applying two
topical glaucoma medications is found to be a contributing
factor for having a controlled intraocular pressure. Conse-
quently, regular assessment of the patients’ instillation tech-
nique and intraocular pressure should be done for better
management of the disease.
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Purpose. We used three-dimensional anterior-segment optical coherence tomography (3D AS-OCT) to evaluate time-dependent
posttrabeculectomy changes in bleb wall volume and intensity. Methods. This prospective observational study included patients
with open-angle glaucoma who underwent fornix-based trabeculectomy between January 2012 and October 2012. Twenty-nine
eyes met inclusion criteria, and the bleb walls of 22 were amenable to three-dimensional analysis by 3D AS-OCT for 1 year after
surgery. The high-intensity volume ratio was calculated as the proportion of the high-intensity region in the total bleb wall.
Changes in the high-intensity volume ratio were of high intensity, and parameters influencing the ratio were analyzed using 3D
AS-OCT. Results. The mean high-intensity volume ratios (±SDs) were 43.5± 21.4, 44.1± 14.8, 41.5± 22.6, and 43.2± 19.7%
at 0.5, 3, 6, and 12 months after trabeculectomy, respectively. When the volume ratios obtained 0.5 and 12 months
posttrabeculectomy were compared, four and five eyes exhibited decreases and increases of over 20%, respectively. The volume
ratios at 12 months correlated with the intraocular pressure (IOP) at that time (t = 2 44, P = 0 024) and the bleb wall vascularity
score at 12 months (t = 5 44, P < 0 001). Conclusions. The high-intensity bleb wall at 12 months posttrabeculectomy reflected
the IOP and the bleb wall vascularity at that time.

1. Introduction

Lowering of intraocular pressure (IOP) in glaucoma patients
reduces the risk of progression of visual field damage; surgery
may be required in patient refractory to medication. Trabe-
culectomy is considered to be a standard surgical modality
used to manage IOP, and IOP control is closely related
to morphological changes in the filtering bleb [1]. Optical
coherence tomography (OCT) is noninvasive and affords
high resolution and deep penetration; OCT can thus be used
to monitor bleb condition [1]. Recently, three-dimensional
clinical images afforded by anterior-segment OCT (3D
AS-OCT), an advanced imaging technology, have been
obtained by several researchers, including us [2–6].

In previous studies, we used 3D AS-OCT to identify
aqueous humor filtration openings on the scleral flaps
created by trabeculectomy; these openings were identifiable

in more than 95% of filtering blebs [4, 5]. Furthermore, we
prospectively investigated time-dependent changes in bleb
parameters after trabeculectomy and found that the width
of the filtration opening at 0.5 months correlated with the
IOP 12 months posttrabeculectomy. Thus, the width of the
filtration opening in the early postoperative period was
suggested to be potentially prognostic of long-term IOP
control. However, any mechanism by which a narrow
filtration opening causes later IOP elevation remains unclear.
One possibility is that a narrow opening directly controls the
future IOP and would thus not correlate with features of the
bleb wall and surrounding tissues. Another possibility is that
the width of the opening could serve as an index of the extent
and rapidity of future bleb scarring, including scarring of the
bleb wall. To address this issue, we prospectively observed
three-dimensional changes in the intensities of bleb walls
using 3D AS-OCT.
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2. Methods

2.1. Ethics, Consent, and Permissions. All procedures adhered
to the tenets of the Declaration of Helsinki. This prospective
observational study was approved by the Institutional Review
Board and Ethics Committee of Kumamoto University
and was registered with the University Hospital Medical
Information Network Clinical Trials Registry of Japan (ID
UMIN000006008; date of access and registration, July 21,
2011). Each patient gave written informed consent prior to
study commencement.

2.2. Patients. The inclusion criteria were described earlier [6];
all had open-angle glaucoma and underwent fornix-based
trabeculectomy which was not combined with other surgery,
with application of mitomycin C (MMC), at the Kumamoto
University Hospital between January 2012 and October
2012, and their eyes yielded analyzable 3D anterior-segment
OCT (3D AS-OCT) images of the filtering blebs 0.5 months
after surgery. Patients who had undergone any prior ocular
surgery were excluded, with the exception of those who had
been treated with phacoemulsification prior to trabeculect-
omy. When both eyes of a patient met the inclusion criteria,
only the eye that was treated first was included in the analy-
sis. When additional glaucoma surgeries (including nee-
dling) were required, that eye was excluded from the
analysis of time-dependent changes in bleb parameters.

2.3. Surgical Procedures. Two experienced surgeons (TI and
HT) performed all surgeries in an identical manner. All
trabeculectomies employed the same procedure, as described
previously [6]. Postoperatively, all patients were prescribed
similar topical medical regimens: 1% (w/v) topical atropine
sulfate for 1 week and 0.1% (w/v) topical betamethasone
and 1.5% (w/v) levofloxacin for approximately 3 months.
Laser suture lysis was not performed during the 0.5–
12-month observational period after surgery. The surgeons
who performed the primary trabeculectomies considered
the need for postoperative glaucoma eye drops based on
IOP values, the extents of visual field disturbance, and the
appearance of the blebs upon slit lamp biomicroscopy.
However, the surgeons were blinded to bleb parameters as
revealed by 3D AS-OCT. When the IOPs could not be
controlled postoperatively by the maximum permissible dose
of eye drops, additional glaucoma surgeries were performed.

2.4. Data Collection. Each baseline IOP was the average of
three measurements taken during three consecutive visits
prior to trabeculectomy. At 0.5, 3, 6, and 12 months after
trabeculectomy, filtering bleb images (8× 8mm square) were
acquired via 3D AS-OCT (CASIA; Tomey, Nagoya, Japan) as
described previously [4–6]. At each visit, the eyes were
examined using a slit-lamp and IOP values measured by
Goldmann tonometry between 13:00 and 16:00. Bleb
vascularity was assessed via color photography of the
anterior ocular segment and classified using the Moor-
fields Bleb Grading System (http://www.readingcentre.
org/Projects/bleb.aspx) at each visit.

As a post hoc analysis, we defined surgical success as an
IOP of <21mmHg (condition A) or <18mmHg (condition

B) with (qualified success) or without (complete success)
the use of topical ocular hypotensive medication. Complete
failure was defined as hypotony of <4mmHg. Kaplan-
Meier survival curve analyses were used to calculate the ratio
of surgical success.

Three-dimensional AS-OCT images of filtering blebs
were evaluated using CASIA Bleb Assessment Software,
version 4.0L (Tomey), as described previously [5, 6]. Briefly,
we rotated the 3D AS-OCT images to superimpose the
C-scan image planes on the scleral planes. Next, the bleb
wall was subjected to three-dimensional analysis. First, 27
imaging slices were automatically selected from all images
of the horizontal raster (256 scans; one of every eight slices
was thus chosen) using built-in software. Next, the selected
images were automatically color-coded into four categories
based on optical densities: (1) high intensity (optical density,
150–250); (2) medium intensity (optical density, 100–149);
(3) low intensity (optical density, 50–99); and (4) fluid
cavity (optical density, 0–49), again using built-in software
(Figures 1(a) and 1(b)). Finally, we defined the bleb wall
region to be subjected to analysis by manually drawing
lines perpendicular to the scleral flap at the edges of the
fluid-filled cavities of every selected image (Figure 1(c)).
Next, the volume of each color-coded category was automat-
ically calculated via reconstructive accumulation of each
two-dimensional image (Figures 1(d) and 1(e)), using the
built-in software. The high-intensity volume ratio was
calculated as the proportion of high-intensity region in
the total bleb wall (with high, middle, and low intensities).

Three independent reviewers (SK, KN, and AF) blinded
to clinical backgrounds evaluated all 3D AS-OCT images of
the internal structures of filtering blebs and associated find-
ings. The mean values of bleb parameters measured by the
three reviewers were subjected to further analysis. Surgeons
were blinded for AS-OCT data during the follow-up period,
and authors who analyzed the data of AS-OCT were
blinded for clinical history until the end of the analysis of
all AS-OCT data.

2.5. Statistical Analysis. Data were analyzed with the aid of
JMP version 8 (SAS Institute, Cary, NC). Changes over
time in IOP value, vascularity score, and the volumes of
the color-coded bleb-wall categories were compared using
the paired Student t-test, the Wilcoxon signed-rank test,
and the χ2 test, respectively. Correlations among clinical
factors including bleb parameters, vascularity scores, and
IOPs were sought by calculating Spearman’s correlation
coefficients. A probability (P) value of less than 0.05 was
considered to indicate statistical significance.

3. Results

3.1. Subjects. Twenty-nine eyes (29 patients) met the inclu-
sion criteria; 26 (89.7%) had participated in prior 1-year
investigations and have been described previously [6]. Of
these, three eyes required additional glaucoma surgeries
(needling revision in one eye and retrabeculectomy in two
eyes) within 1 year of trabeculectomy, and one eye exhibited
a diffuse bleb (the length of the fluid-filled cavity was wider
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Figure 1: Assessment of bleb wall volume and intensity using 3D AS-OCT. (a) A selected imaging slice from all images of the horizontal
raster. (b) A selected imaging slice that was automatically color-coded into four categories based on the optical density: (1) high intensity
(red; optical density, 150–255); (2) medium intensity (yellow; optical density, 100–149); (3) low intensity (green; optical density, 50–99);
and (4) fluid cavity (blue; optical density, 0–49), using built-in software. (c) A selected imaging slice with color code only in the bleb wall,
which was defined to be subjected to analysis by manually drawing lines perpendicular to the scleral flap at the edges of the fluid cavity.
(d) Schematic image of the three-dimensional reconstruction of the selected imaging slices after color-coding and bleb wall definition.
(e) En-face, vertical, horizontal, and C-scan images after reconstruction with color code in the bleb wall. The red and blue lines indicate
the horizontal and vertical axes, respectively. The yellow line represents the z-axis of the C-scan images. The volumes of each color-coded
category were automatically calculated by reconstructive accumulation of the two-dimensional images, using the built-in software.
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than the scan area of the 3D AS-OCT). Thus, time-
dependent changes in bleb wall volume and intensity were
analyzed in 22 eyes (75.9%) (Figure 2). Patient characteristics
are shown in Table 1. Of those, 9 eyes received laser suture
lysis and 10 eyes received bleb massage within 2 weeks
after trabeculectomy.

3.2. Time-Dependent Changes in IOP Control and Bleb
Vascularity after Trabeculectomy. Kaplan-Meier survival
analyses indicated that the probabilities of success at 1 year
were 71.8% and 75.6% based on complete and qualified
success under condition A, respectively (Figure 3(a)). The
corresponding values under condition B were 71.8% and
71.8%. Posttrabeculectomy, IOP values were 8.3± 2.9,
12.4± 6.5, 13.8± 4.7, and 12.8± 5.0mmHg at 0.5, 3, 6,
and 12 months, respectively. A corresponding number of
glaucoma eye drops were 0, 0.1± 0.6, 0.3± 0.9, and 0.6± 1.3,
respectively. Higher IOP values were observed at 3, 6, and
12 months posttrabeculectomy than at 0.5 months postsur-
gery (95% CI: 1.64 to 6.54, P = 0 002; 95% CI: 2.92 to 6.81,
P < 0 001; and 95% CI: 2.23 to 6.75, P < 0 001, resp.).
Although the requirement for glaucoma eye drops (in
terms of number) tended to increase over time, no signif-
icant difference among the various time points was evident.
In contrast, the bleb vascularity scores at 3, 6, and 12 months
after surgery were greater than those at 0.5 months (95% CI:
−0.59 to −1.85, P = 0 002; 95% CI: −0.50 to −1.72, P = 0 004;
and 95% CI: −0.44 to 0.55, P = 0 025, resp.) (Figure 3(b)).

3.3. Time-Dependent Changes in Bleb Wall Volumes after
Trabeculectomy. Time-dependent changes in color-coded
bleb wall volumes are shown in Figure 4. For all intensity cat-
egories, the bleb wall volumes at 0.5 months tended to be
greater than those at 3, 6, and 12months posttrabeculectomy,
although the differences were not significant (Figures 3(c),
3(d), and 3(e)). In addition, all average color-coded volume
ratios were similar throughout the 12 months posttrabecu-
lectomy (Figure 3(f)). However, time-dependent changes in
high-intensity volume ratios were dissimilar (Figure 3(g)).
When these ratios were compared 0.5 and 12 months
posttrabeculectomy, four and five eyes exhibited decreases
and increases (to 12 months) of over 20%, respectively,

suggesting that time-dependent changes were both evident
and variable.

3.4. Correlations among Parameters. At 12 months posttra-
beculectomy, the high-intensity volume ratio correlated
with the IOP, the number of eye drops needed, and bleb
vascularity (R2 = 0 23, 0.24, and 0.61; t = 2 44, 2.55, and 5.44;
P = 0 024, 0.019, and less than 0.001, resp.) (Figures 4(a),
4(b), and 4(c)).

4. Discussion

In the present study, we successfully acquired bleb wall
volumes and color-coded these values, reflecting variations
in optical density as revealed by 3D AS-OCT. Previously,
we performed (only) two-dimensional analyses of time-
dependent changes in bleb wall thickness and intensity [6].
To the best of our knowledge, this is the first study to assess
bleb walls three dimensionally. The average color-coded
bleb wall volume ratios were similar at all time points
(Figure 3(e)). However, time-dependent changes in intensity
ratios varied among blebs (Figure 3(f)). Also, the ratios
obtained 0.5 months posttrabeculectomy did not correlate
with those obtained at 12 months. Thus, wound healing
and bleb formation differed from eye to eye, indicating
that it may be difficult to predict bleb wall status at
late postsurgical stages by bleb wall examination soon
after trabeculectomy.

29 met inclusion criteria 

1 lost to follow-up

3 excluded

22 completed 1-year follow-up
without additional surgery

26 followed at 12 months
4 excluded

3 required additional glaucoma
surgery within a year
1 wider bleb area than scan area

2 protocol deviations 

Figure 2: Flowchart showing patient inclusion. One patient of “lost to follow-up” could not come at a given moment, because the patient was
admitted to a hospital for a general disease. Two patients of “protocol deviations” presented unanalyzable OCT imaging slices due to
involuntary eye movement during the follow-up period.

Table 1: Demographic characteristics patients.

Gender (men/women) 20/2

Mean age± SD (years old) 64.7± 14.1
Mean IOP± SD (mmHg) 28.1± 8.6
Mean number of glaucoma eye drops± SD 3.1± 0.4
Mean MD of Humphrey visual field
analyzer± SD (dB)

−17.53± 8.12

Etiology of glaucoma (POAG/EXG) 11/11

Previous cataract surgery (%) 1 (4.6%)

EXG: exfoliation glaucoma; IOP: intraocular pressure; MD: mean deviation;
POAG: primary open-angle glaucoma; SD: standard deviation.
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In the present study, the high-intensity volume ratio
correlated with the IOP, the number of antiglaucoma eye
drops required, and bleb vascularity, at the same time points
(Figure 3(a)). These data are in good agreement with those of
other studies, which found that bleb wall status correlated
with IOP control after trabeculectomy [3, 7–13]. The close
relationship between IOP and bleb wall status at the same
time points is confirmed by the three-dimensional analysis
of the present study. We previously showed that oozing of
the bleb surface was indicative of a relatively low IOP and
low bleb vascularity [13]. Thus, one possible explanation of
the relationship between bleb wall status and IOP control
may be oozing, which has been suggested to contribute to
the lowering of IOP after trabeculectomy. An alternative
explanation is that bleb wall status reflects the condition of
surrounding tissues, which may in turn be associated with
absorbance of aqueous humor into the general circulation.

Bleb wall reflectivity at 2 weeks was suggested to predict
bleb functionality 6 months posttrabeculectomy [11]. In the
cited study, the subjects were divided into two groups, uni-
form and multiform, based on qualitative data, such as layer
multiplicity, subconjunctival separation, and the presence/
absence of microcysts. However, the high-intensity volume
ratio at 0.5 months did not correlate with the IOP at 12
months posttrabeculectomy in our present study, indicating
that an early quantitative measure of bleb wall intensity was
not prognostic of future IOP control. The reason for the
between-study discrepancy may be the difference in the

manner of assessment; we did not explore multiple layering,
subconjunctival separation, or microcyst status in our
present work. However, the width of the filtration opening
on the scleral flap, measured 0.5 months postsurgery, was
prognostic of the IOP 12 months posttrabeculectomy in our
previous study [6]. Thus, the data suggest that the width of
the filtration opening soon after surgery may predict future
changes in bleb wall intensity. That width may serve as an
index of the extent and rapidity of future bleb scarring,
including scarring of the bleb wall.

All of our patients underwent fornix-based trabeculect-
omy. As the manner of conjunctival flap creation affects
bleb morphology and internal structure, including the
positions of filtration openings on the scleral flap [5, 14],
it would be interesting to employ 3D AS-OCT to compare
time-dependent changes in bleb wall volume and intensity
between patients undergoing fornix- and limbal-based tra-
beculectomy. It is well known that limbal-based trabecu-
lectomy tends to be relatively less vascular and to create
a higher bleb than fornix-based trabeculectomy. Addition-
ally, limbal-based trabeculectomy reportedly yields better
surgical results in high-risk cases than does the fornix-
based approach [15]. Large-scale randomized comparative
studies are needed to compare bleb wall status and IOP
control between patients undergoing fornix- and limbal-
based trabeculectomy.

The limitations of the present study include our relatively
small sample size (22 eyes), and a high exclusion ratio
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Figure 3: Time-dependent changes in IOP control and bleb parameters. (a) The probability of surgical success (IOP control between 4 and
21mmHg) based on complete (solid line) and qualified success (dashed line). (b) Time-dependent changes in bleb vascularity score (c, d, e)
changes in bleb wall intensity assessed by 3D AS-OCT. Each bleb wall was coded based on optical density: low (c), middle (d), and high (e)
intensities. (f ) Time-dependent change in the volume ratio of each category was assessed by averaging. (g) Time-dependent change in the
high-intensity volume ratio in each eye. ∗P < 0 05; ∗∗P < 0 01 compared with the value 0.5 months after trabeculectomy.
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(10.3%) before the 1-year observation period was concluded.
In addition, the 1-year follow-up results may not be predic-
tive of long-term outcomes; the pathological progression of
glaucoma is chronic, extending for decades in many cases.
Furthermore, diffuse blebs with fluid-filled cavities wider
than the scan length of 3D AS-OCT could not be analyzed.
Thus, the data should be interpreted with caution. Larger-
scale studies with longer follow-up times are required.

In conclusion, the high-intensity volume ratio 12 months
posttrabeculectomy correlated with the IOP and bleb wall
vascularity measured at the same time.
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Background/Aims. To investigate the patterns of retinal ganglion cell damage at different stages of glaucoma, using the
circumpapillary retinal nerve fiber layer (RNFL) and macula ganglion cell-inner plexiform layer (GCIPL) thicknesses.
Methods. In 296 eyes of 296 glaucoma patients and 55 eyes of 55 healthy controls, the correlations of mean deviation (MD) with
the superior and inferior quadrant RNFL/GCIPL thickness (defined as the average of three superior and inferior sectors, resp.)
were analyzed. Results. In early to moderate glaucoma, most of the RNFL/GCIPL thicknesses had significant positive
correlations with the MD. In advanced glaucoma, the superior GCIPL thickness showed the highest correlation with MD
(r = 0 495), followed by the superior RNFL (r = 0 452) (all; P < 0 05). The correlation coefficient of the inferior RNFL
thickness with MD (r < 0 471) was significantly stronger in early to moderate glaucoma compared to that in advanced glaucoma
(r = 0 192; P < 0 001). In contrast, the correlations of the superior GCIPL thickness with MD (r = 0 452) in advanced glaucoma
was significantly stronger compared to that in early to moderate glaucoma (r = 0 159; P < 0 001). Conclusions. The most
preserved region in advanced glaucoma appears to be the superior macular GCIPL, whereas the most vulnerable region for
initial glaucoma is the inferior RNFL around the optic disc.

1. Introduction

Glaucomatous damage usually spares the horizontal merid-
ian in the early stage and occurs asymmetrically across the
horizontal meridian [1]. In the early stages of glaucoma,
the inferior retina, corresponding to superior hemifield, is
involved more frequently [2, 3], with faster progression,
compared with the superior retina, corresponding to the
inferior hemifield [4]. In terms of progression, the retinal
nerve fiber layer (RNFL) on the inferotemporal side
(324–336°) is the most common location of progressive
changes detected by optical coherence tomography
(OCT) [5]. Studies of the disparity in glaucomatous dam-
age between the superior and inferior retina have focused
on the relatively early stages of glaucoma [4–6]. By

contrast, in advanced glaucoma, few studies have
addressed the pattern of structural loss because, in this
stage, extensive RNFL loss in both the superior and infe-
rior retina has already occurred, and the assessment of
the severity of disease is based largely on visual field
(VF) parameters.

It has been well known that the selective retinal gan-
glion cell loss is a pathological hallmark of the glaucoma
optic neuropathy. That begins at optic disc lamina as it
is compressed and deformed by intraocular pressure
(IOP) and makes the axonal damage as a consequence
[7]. In practical field, we can observe them as a cupping
enlargement in the disc and an RNFL defect. The next
sequence might be a soma change, and that would be a
natural history of the retinal ganglion cell loss in the

Hindawi
Journal of Ophthalmology
Volume 2017, Article ID 6078365, 8 pages
https://doi.org/10.1155/2017/6078365

https://doi.org/10.1155/2017/6078365


glaucomatous optic neuropathy [8–10]. But unfortunately,
this sequence is hardly recognizable by the clinical
observations.

Cirrus high-definition- (HD-) OCT (Carl Zeiss Meditec,
Dublin, CA), a commercial OCT device, can measure
the macular ganglion cell-inner plexiform layer (GCIPL)
thickness using a ganglion cell analysis (GCA) algorithm
[11–13]. With an aid of this recent advancement of OCT
technology, we can now figure out the structure of the whole
retinal ganglion cell from the dendrite/soma (GCIPL) to the
axon (cpRNFL). So we hope, in this study, we can evaluate
the whole sequence of the retinal ganglion cell damage
by observing the cpRNFL and GCIPL thickness changes
in different stages of glaucoma from the beginning to
the end. This would help us clinically to know the sensi-
tive sites and the parameters for glaucoma severity in
different stages and, in addition, help us academically to
understand the natural history of the retinal ganglion cell
death in glaucoma.

2. Patients and Methods

2.1. Study Samples. The medical records of all consecutive
patients with open-angle glaucoma and healthy controls
examined by a glaucoma specialist (CKP) between April
2012 and May 2013 at the glaucoma clinic of Seoul St. Mary’s
Hospital (Seoul, Korea) were reviewed retrospectively. This
study was performed according to the tenets of the Declara-
tion of Helsinki after approval by our institutional review
board. When both eyes met the inclusion criteria, one eye
was chosen randomly for the study.

All subjects underwent a medical history review, mea-
surement of the best-corrected visual acuity, refraction,
slit-lamp biomicroscopy, gonioscopy, Goldmann applana-
tion tonometry, dilated stereoscopic examination of the
optic disc, disc and red-free fundus photography (Canon,
Tokyo, Japan), standard perimetry (24-2 Swedish Interac-
tive Threshold Algorithm SAP, Humphrey Field Analyzer
II; Carl Zeiss Meditec, Dublin, CA), and spectral-domain
OCT (Cirrus HD-OCT; Carl Zeiss Meditec). All included
subjects had a best-corrected visual acuity≥ 20/40, spheri-
cal refraction within± 6.0 diopters, cylinder correction
within± 3.0 diopters, and normal and open anterior cham-
ber angle by gonioscopy, and no history or evidence of
retinal disease or nonglaucomatous optic nerve diseases.
Patients with neurological or intraocular diseases that
could cause VF defects and eyes with consistently unreli-
able VF results (defined as >25% false-negative results,
>25% false-positive results, or >20% fixation losses) were
excluded from the study.

Glaucoma was diagnosed when patient had a glaucoma-
tous VF defect on two consecutive, reliable VF examinations
and by the presence of typical glaucomatous optic disc
damage (diffuse or localized rim thinning on stereoscopic
color fundus photographs), irrespective of the level of
IOP. A glaucomatous VF change was defined as the consis-
tent presence of a cluster of three or more points on the
pattern deviation plot with a probability of occurrence of
<5% in the normal population, having one point with a

probability of occurrence in <1% of the normal population,
glaucoma hemifield test results outside the normal limits, or
a pattern standard deviation (PSD) with P < 5%.

The severity of the glaucomatous damage was classified
into early, moderate, and advanced stages according to
the Hodapp-Parrish-Anderson criteria [14]. Healthy con-
trol eyes had an IOP≤ 21mmHg, no glaucomatous disc
appearance, no visible RNFL defect on red-free RNFL
photography, and a reliable normal VF test (an MD or
PSD within the 95% confidence interval (CI) and a normal
glaucoma hemifield test).

2.2. OCT Imaging. All subjects underwent imaging using
spectral-domain OCT (Cirrus high-definition-OCT; Carl
Zeiss Meditec) to acquire one optic disc (Optic Disc Cube
200× 200 protocol) scan and one macular (Macular Cube
514× 128 protocol) by the same operator on the same day.
The circumpapillary scan allowed measurement of the RNFL
thickness, whereas the macular scan allowed determination
of the macular GCIPL thickness using the GCA algorithm
[11–13, 15]. The circumpapillary scan measures on the
6mm× 6mm data and the GCA algorithm detect and
measure macular GCIPL thickness within an annulus with
inner vertical and horizontal diameters of 1 and 1.2mm,
respectively, and outer vertical and horizontal diameters
of 4 and 4.8mm, respectively. Image quality was assessed
by an experienced examiner blinded to the patient’s iden-
tity and other test results. Only well-focused, well-centered
images without eye movement with signal strengths of 6/10
or greater were used.

For the cpRNFL thickness measurements, the average,
superior, and inferior quadrant and clock-hour thicknesses
were used. The following GCIPL thickness measurements
were analyzed: average, sectoral (superior (S), superonasal
(SN), inferonasal (IN), inferior (I), inferotemporal (IT),
superotemporal (ST)), the superior GCIPL thickness
(defined as the average of the measurements in the S, SN,
and ST sectors), and the inferior GCIPL thickness (defined
as the average of the measurements in the I, IN, and IT sec-
tors). Right eye orientation was used for the documentation
of measurements in left eye.

2.3. Cross-Sectional Analysis of VF Progression Patterns in
Advanced Stage Glaucoma. To visualize the average maps at
different disease stage in advanced glaucoma, eyes with
advanced stage glaucoma were further classified into 5 sub-
groups according to MD (I: −12 dB≥MD>−15 dB, II:
MD>−18 dB, III: MD>−21 dB, IV: MD>−24 dB, V:
MD≤−24 dB). Within each subgroup, threshold sensitivity
map numeric values of the 24-2 VF tests were averaged
for each VF test point, generating 1 average map for each
subgroup. Based on the maximum and minimum thresh-
old sensitivity values of all average maps, a linear grayscale
was generated and applied to all maps [16].

2.4. Data Analysis. Multiple comparisons among the groups
were conducted using one-way analysis of variance
(ANOVA) and Tukey’s test. The independent Student’s t-test
was used to compare the superior and inferior cpRNFL/
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GCIPL thicknesses in each group. The associations of MD
and cpRNFL/GCIPL thicknesses were evaluated using
Pearson’s correlation coefficient. To compare the associa-
tions between the VF MD and sectoral OCT measure-
ments obtained using ONH scan and macular GCIPL
modes, the bootstrap method (1000 replicates) using the
R means from 1000 samples reported for each relationship
was used to assess the significance of differences between
any two correlation coefficients. And a t-test was done to
test the null hypothesis that the R value between two
models is equal. To evaluate the goodness of fit of the pre-
diction curve to our dataset, we plotted locally weighted
scatterplot smoothing (LOWESS) curves. All statistical
analyses were performed using SPSS software ver. 17.0
(SPSS, Chicago, IL). Values of P < 0 05 (two-tailed) were
considered to be significant.

3. Results

The study included 296 eyes of 296 patients with open-angle
glaucoma and 55 eyes of 55 healthy controls. According to
the glaucoma classification criteria, 190, 58, and 48 eyes had
early, moderate, and advanced glaucoma, respectively.

Among the demographic and ocular parameters, age
and central corneal thickness (CCT) differed significantly
between the healthy control and glaucomatous eyes
(P < 0 001 and 0 004, resp.) (Table 1).

Figure 1 shows the overall patterns of the average, supe-
rior, and inferior cpRNFL/GCIPL thicknesses according to
disease severity assessed by the MD in the study population.
The LOWESS plot suggests a curvilinear relationship of the
MD with the average, superior, and inferior cpRNFL/GCIPL
thicknesses. In advanced disease, the relationship between

the MD and the superior versus inferior cpRNFL/GCIPL
thicknesses differed. The relationship with the MD was
stronger for the superior cpRNFL/GCIPL (Figures 1(e) and
1(h)) than that for the inferior cpRNFL/GCIPL thicknesses
(Figures 1(f) and 1(i)). Particularly, the superior GCIPL
thickness had a strong relationship with the MD in advanced
disease (Figure 1(h)).

In the healthy controls, the inferior cpRNFL (130.07±
11.6μm) tended to be thicker than the superior
cpRNFL (126.96± 14.6μm), but with marginal significance
(P = 0 079; Figure 2(a)), whereas the superior GCIPL
(86.71± 4.53μm) was significantly thicker than the inferior
GCIPL (85.25± 4.40μm; P < 0 001; Figure 2(b)). In early,
moderate, and advanced glaucoma, the inferior cpRNFL/
GCIPL thicknesses were persistently and significantly
thinner than the superior cpRNFL/GCIPL thicknesses (all
P < 0 05; Figures 2(a) and 2(b)).

In early to moderate glaucoma, most of the cpRNFL/
GCIPL thicknesses had significant positive correlations with
the MD; particularly, the average (r = 0 477) and inferior
cpRNFL (r = 0 471) thickness showed relatively high correla-
tions with the MD (Table 2). In advanced glaucoma, the
superior GCIPL thickness (r = 0 495) was most strongly
correlated with the MD, followed by the superior cpRNFL
thickness (r = 0 452) and inferior GCIPL (r = 0 342) thick-
ness (all P < 0 05). The correlation coefficient of the inferior
RNFL thickness with MD (r = 0 471) was significantly
stronger in early to moderate glaucoma compared to that
in advanced glaucoma (r = 0 192; P < 0 001). In contrast,
in advanced glaucoma, the correlations of the superior
GCIPL thickness with MD (r = 0 495) were significantly
stronger compared to those in early to moderate glaucoma
(r = 0 159; P < 0 001).

Table 1: Demographic and clinical characteristics of the total studied populations.

Normal controls
(n = 55)

Early glaucoma
(n = 190)

Moderate glaucoma
(n = 58)

Advanced glaucoma
(n = 48) P Post hoc

Age (years) 48± 12 53± 12 53± 10 60± 13 <0.001 N=E=M<A
Gender (% of female) 41.8 46.3 43.1 62.5 0.399

Spherical equivalent (diopter) −1.00± 1.62 −1.65± 2.31 −1.53± 2.61 −2.07± 3.18 0.232

Axial length (mm) 24.0± 0.75 24.4± 1.2 24.3± 1.3 24.3± 1.3 0.348

CCT (μm) 552.0± 26.1 538.6± 35.9 529.2± 30.1 528.9± 32.5 0.004 N>E=M=A

MD (dB) −0.38± 1.39 −2.43± 1.70 −8.55± 1.92 −19.24± 5.63 0.000 N>E>M>A
PSD (dB) 1.43± 0.29 4.41± 2.41 11.13± 2.92 11.80± 3.02 0.000 N<E<M<A
VFI 100± 1 94± 5 76± 8 45± 18 0.000 N>E>M>A
Average cpRNFL thickness (μm) 100.0± 7.7 80.3± 9.5 70.5± 8.9 62.5± 8.9 0.000 N>E>M>A
Average macular GCIPL
thickness (μm)

85.9± 4.3 74.0± 6.3 69.1± 5.4 59.8± 14.0 0.000 N>E>M>A

ONH parameters

Rim area (mm2) 1.31± 0.19 0.94± 0.20 0.76± 0.15 0.63± 0.19 0.000 N>E>M>A
Cup area (mm2) 0.19± 0.16 0.46± 0.30 0.51± 0.30 0.56± 0.31 0.102 N>E=M=A

VCD 0.50± 0.11 0.72± 0.11 0.77± 0.08 0.81± 0.07 0.000 N<E<M=A

CCT: central corneal thickness; MD: mean deviation of perimetry; PSD: pattern standard deviation of perimetry; VFI: visual field index; dB: decibels; cpRNFL:
circumpapillary retinal nerve fiber layer; GCIPL: ganglion cell-inner plexiform layer; VCD: vertical cup to disc ratio. The severity of the glaucomatous damage
was classified into early (MD ≥ −6.00 dB), moderate (−12.00 dB ≤MD < −6.00 dB), and advanced glaucoma (MD < −12.00 dB). Values are mean ± standard
deviation. Comparison among study groups was done by analysis of variance (Tukey multiple comparison).
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Figure 3 shows the correlation coefficients of the MD
with the cpRNFL and GCIPL sectoral parameters in early
to moderate and advanced glaucoma. In early to moderate
glaucoma, the inferior cpRNFL clock-hour thickness (clock
hours 6–8) and inferior GCIPL sectors (IN, I, and IT)
showed relatively high correlations with the MD. However,
in advanced glaucoma, the superior cpRNFL clock-hour
thicknesses (clock hours 10–12) and superior GCIPL sec-
tors (ST, S, and IT) and IN sector showed relatively high
correlations with the MD.

Figure 4(a) shows the average threshold sensitivity maps
of the 24-2 VF tests for subgroups by disease severity assessed

by MD in advanced glaucoma. With increasing disease sever-
ity, the deepening and enlargement of scotomas occurred
more frequently in superior hemifield. The scotomas in both
hemifields spread toward the physiologic blind spot and
toward the nasal periphery in an arcuate pattern. The scoto-
mas in superior hemifield occurred very closely to the area
corresponding to the papillomacular bundle, whereas the
parafoveal area of inferior hemifield was relatively spared.
With the disease severity, superior cpRNFL thickness became
significantly thinner (P = 0 003) with disease severity,
whereas changes of inferior cpRNFL was not significant
(P = 0 505; Figure 4(b)). Superior GCIPL thickness became

–35
40

60

80

100

120

140

–30 –25 –20 –15 –10 –5 0 5
Mean deviation (dB)

G
CI

PL
/R

N
FL

 th
ic

kn
es

s (
�휇

m
)

Average cpRNFL
Average GCIPL

(a)

–35
40

60

80

100

120

140

–30 –25 –20 –15 –10 –5 0 5
Mean deviation (dB)

Av
er

ag
e c

pR
N

FL
 th

ic
kn

es
s (
�휇

m
)

(b)

–35
40

60

50

80

70

90

100

110

–30 –25 –20 –15 –10 –5 0 5
Mean deviation (dB)

Av
er

ag
e G

CI
PL

 th
ic

kn
es

s (
�휇

m
)

(c)

–35

40

60

80

100

120

140

160

–30 –25 –0 –15 –10 –5 0 5
Mean deviation (dB)

cp
RN

FL
 th

ic
kn

es
s (
�휇

m
)

Superior cpRNFL
Inferior cpRNFL

(d)

–35

60

100

80

120

140

160

–30 –25 –20 –15 –10 –5 0 5

Mean deviation (dB)

Su
pe

rio
r c

pR
N

FL
 th

ic
kn

es
s (
�휇

m
)

(e)

60

40

100

80

120

140

160

–35 –30 –25 –20 –15 –10 –5 0 5

Mean deviation (dB)

In
fe

rio
r c

pR
N

FL
 th

ic
kn

es
s (
�휇

m
)

(f)

–35

40

70

50

60

80

90

100

110

–30 –25 –20 –15 –10 –5 0 5
Mean deviation (dB)

G
CI

PL
 th

ic
kn

es
s (
�휇

m
)

Superior GCIPL
Inferior GCIPL

(g)

70

50

60

80

90

100

110

–35 –30 –25 –20 –15 –10 –5 0 5
Mean deviation (dB)

Su
pe

rio
r G

CI
PL

 th
ic

kn
es

s (
�휇

m
)

(h)

–35

40

60

50

80

70

90

100

110

–30 –25 –20 –15 –10 –5 0 5
Mean deviation (dB)

In
fe

rio
r G

CI
PL

 th
ic

kn
es

s (
�휇

m
)

(i)

Figure 1: Scatterplot showing the average, superior, and inferior cpRNFL/GCIPL thicknesses according to glaucoma severity assessed using
mean deviation (MD) in the study population.
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significantly thinner (P = 0 005) with disease severity,
whereas changes of inferior GCIPL was not significant
(P = 0 109; Figure 4(c)).

4. Discussion

Our study was designed with the purpose of investigating
the patterns of retinal ganglion cell damage at different
stages of glaucoma, using the cpRNFL and macula GCIPL
thicknesses. We observed that the inferior cpRNFL change
had the highest correlation with the MD in early stage
glaucoma as well as the superior GCIPL change in advanced
glaucoma (Table 2).

Through the patterns of structural loss observed in the
present study, the natural history of retinal ganglion cell
degeneration may be inferred. At initial stage, the glaucoma-
tous damage remains localized involving the inferior
(mainly) or superior temporal RNFL. With the progression
of disease, lesions are expanded and deepened and new lesion

is developed [5, 17]. Finally, at the far advanced stage, exten-
sive glaucomatous damage occurs, with the relative preserva-
tion of retinal ganglion cell bodies at superior macula area.
This is further supported by the finding that the VF in far
advanced glaucoma is gradually reduced to small central
VF area, called the “central isle,” which involves mainly the
inferior temporal parafoveal VF area next to the blind sco-
toma [18]. In accordance with this, we found that superior
cpRNFL/GCIPL thickness corresponding to inferior hemi-
field became significantly thinner, whereas changes of infe-
rior cpRNFL/GCIPL corresponding to superior hemifield
were not significant (Figures 4(b) and 4(c)). It is well known
that OCT is less clinically useful due to a “floor effect” of
RNFL thickness. At this stage of disease, sequential VF tests
are more reliable to detect progression. Our study results sug-
gest that the detection of progressive thinning of the superior
cpRNFL/GCIPL may be useful in determining the progres-
sion of the disease in advanced glaucomatous eyes before
reaching a “floor effect.”
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Figure 2: Comparisons of the superior and inferior cpRNFL/GCIPL thickness in healthy controls, in early, moderate, and advanced
glaucomatous eyes. ∗P < 0 05.

Table 2: Correlation coefficient for MD on Humphrey visual field analysis with circumpapillary RNFL and GCIPL parameters on OCT in
different stages of glaucomatous eyes.

Early to moderate glaucoma∗ Advanced glaucoma∗

R R2 P R R2 P

cpRNFL

Average 0.477 0.227 <0.001 0.198 0.039 0.177

Superior (quadrant) 0.252 0.063 <0.001 0.452 0.204 0.001

Inferior (quadrant) 0.471 0.221 <0.001 0.192 0.037 0.191

GCIPL thickness

Average 0.345 0.119 <0.001 0.093 0.009 0.528

Superior 0.159 0.025 0.012 0.495 0.245 <0.001
Inferior 0.397 0.157 <0.001 0.342 0.117 0.020

∗The severity of the glaucomatous damage was classified into early (MD ≥ −6.00 dB), moderate, (−12.00 dB ≤MD < −6.00 dB), and advanced glaucoma
(MD < −12.00 dB).
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The reason for the relative sparing of the retinal ganglion
cells in the superior macula at advanced stage remains
obscure. First, the inferior temporal lamina cribrosa has
larger single pores and the least supporting connective tissue
[3, 19], which might render the region more susceptible to
glaucomatous damage. In addition, the superior GCIPL is
reported to be thicker than the inferior GCIPL in normal
populations [20]. In this study, the superior GCIPL was also
significantly thicker on average than the inferior GCIPL in
healthy controls (Figure 2(b)). These findings suggest that
relatively more ganglion cells exist in the superior macula
compared to the inferior macula.

In glaucoma, structural loss precedes functional
changes [21, 22]. Accordingly, most of the RNFL/GCIPL
thicknesses, particularly the average and inferior cpRNFL/
GCIPL thicknesses, had significant correlations with dis-
ease severity assessed by the MD in early to moderate glau-
coma (Table 2 and Figure 3). This observation is in
agreement with previous reports that the RNFL loss was
most evident at the inferotemporal meridian in the fre-
quency distribution and progression analysis [5, 22]. The
inferior quadrant RNFL has also been considered to be
the best RNFL parameters discriminating glaucoma from
normal control [11, 23]. Regarding the GCIPL parameters,
the inferotemporal GCIPL sectors also showed the high
diagnostic accuracy in early glaucoma, regardless of the
initial location (superior versus inferior) of the glaucoma-
tous damage [11, 13, 24]. These results suggest that the

inferior temporal RNFL is particularly susceptible to the
glaucomatous damage and tends to be involved frequently
in the initial stage of disease.

Conversely, in advanced glaucoma, the superior GCIPL
thickness had the highest correlation with the MD,
followed by the superior cpRNFL thickness, whereas the
inferior cpRNFL and inferior GCIPL thicknesses had rela-
tively low correlations with the MD (Table 2). In the sec-
toral analysis in advanced glaucoma, the superior (ST, S,
and SN) and some of inferior (IN) GCIPL sectors were
also found to have relatively higher correlations with the
MD compared to the inferior (I and IT) GCIPL sectors
(Figure 3). At advanced stages of glaucoma, it is often dif-
ficult for clinicians to detect progression of the disease
because extensive structural damage has been occurring.
The evaluation of VF parameters constitutes an important
part of progression detection. However, due to low reliabil-
ity and low reproducibility of the VF results in the
advanced stage [25], there has been a need for an objective
method for assessing glaucomatous damage in the
advanced stage. In this regard, the superior GCIPL thick-
ness parameter may represent a complementary tool to
the VF assessment for the monitoring of advanced glauco-
matous eyes.

Our study had limitations to be acknowledged. First, this
study had a cross-sectional study design; to confirm our
study finding, longitudinal studies are necessary. Next, the
mean age of the advanced glaucoma group is older than that
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Figure 3: Correlation coefficients for the MD from the Humphrey visual field analysis with the cpRNFL and GCIPL sectoral parameters by
OCT in glaucomatous eyes at different stages. ∗P < 0 05.
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of the other group. As aging could be a potential factor
that alters the RNFL and GCIPL, the correlation coeffi-
cient and changes of RNFL and GCIPL thicknesses were
separately analyzed in early to moderate glaucoma and
advanced glaucoma. Finally, potential misclassification of
the study groups and inaccurate assessment of disease
severity, based on the MD of perimetry, are possible, due
to the high test-retest variability of the VF test.

In conclusion, we observed that the distinct patterns of the
cpRNFL and GCIPL change in different stages of glaucoma.
The findings in this study suggest that the most vulnerable
region for initial glaucoma is the inferior RNFL around the
optic disc, whereas the most preserved region in advanced
glaucoma is the superior macular GCIPL. This information
may provide important insights into understanding the
natural history of retinal ganglion cell death in glaucoma.
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Figure 4: Average threshold sensitivity maps of the advance glaucoma subgroups (I to V) in cross-sectional analysis. The grayscale applied is
shown on the top left. With increasing disease severity, the deepening and enlargement of scotomas occurred more frequently in superior
hemifield. The scotomas in both hemifields spread toward the physiologic blind spot and toward the nasal periphery in an arcuate pattern.
The scotomas in superior hemifield occurred very closely to the area corresponding to the papillomacular bundle, whereas the parafoveal
area of inferior hemifield was relatively spared (a). With the disease severity (I to V), superior RNFL and superior GCIPL thickness
became significantly thinner (P = 0 003 and 0 005, resp.), whereas changes of inferior RNFL and inferior GCIPL were not significant
(P = 0 505 and 0 109, resp.) (b and c). “X” indicates blind spot; dB = decibel.
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Introduction. Intraoperative observation of ocular structures using microscope-integrated optical coherence tomography (iOCT)
has been adopted recently. I report my initial feasibility assessment of iOCT for the incised trabecular meshwork observation
during microhook ab interno trabeculotomy. Case Series. Both the nasal and temporal sides or either side of the trabecular
meshwork/inner wall of Schlemm’s canal was incised more than 3 clock hours. After then, under observation using a
Swan-Jacob gonioprism lens with the real-time 5-line scan mode, OCT images of the area were successfully acquired in 10 (83%)
of 12 sides in nine eyes. Based on the appearance of the acquired images of the 10 sides, the trabeculotomy cleft could be
classified into three incisional patterns, that is, six (60%) anterior-opening patterns (posterior-based flap), three (30%)
middle-opening patterns (posterior- and anterior-based flaps), and one (10%) posterior-opening pattern (anterior-based flap),
according to the predominant locations of the trabecular meshwork flaps. Conclusion. Intraoperative observation of the gonio
structures including the trabeculotomy cleft was feasible using the RESCAN 700 in combination with a gonioprism.

1. Introduction

Recently, optical coherence tomography (OCT) was inte-
grated into surgical microscopes and is no longer handheld.
So far, intraoperative observation of ocular microarchitec-
tural structures using OCT (iOCT) has been adopted in the
assessment of macular hole and epiretinal membrane during
vitreoretinal surgery, visualization of the donor cornea
during endothelial keratoplasty, and evaluation of the intra-
ocular lens position during cataract surgery [1–4]; however,
its feasibility was not fully assessed in glaucoma surgery.

I and collaborators initially reported the case of both eyes
of one patient with steroid-induced glaucoma who under-
went a novel ab interno trabeculotomy, which we referred
to as microhook ab interno trabeculotomy (μLOT) [5].
Because of the substantial IOP decrease in that case and less
ocular surface invasiveness, we began to perform the proce-
dure in other cases and reported the early postoperative
results and safety profile of μLOT in an initial case series
[6]. In that case series, at the final 6-month evaluation, μLOT
alone decreased the IOP from the preoperative value of
25.9mmHg to 14.7mmHg, a 43% decrease.

I report my initial feasibility assessment of iOCT for the
incised trabecular meshwork observation during microhook
ab interno trabeculotomy (μLOT), a novel minimally inva-
sive glaucoma surgery [5, 6].

2. Case Series

This observational case series included consecutively 9 glau-
coma eyes from 9 subjects (mean± standard deviation age of
68.3± 8.2 years; 6 males and 3 females) who received μLOT
for the reduction of IOP in July 2016. The study adhered to
the tenets of the Declaration of Helsinki; the institutional
review board of Matsue Red Cross Hospital reviewed and
approved the research. Preoperatively, all subjects provided
written informed consent for surgery and use of clinical data
regarding the glaucoma treatment obtained during the
follow-up periods. The demographic data of subjects were
glaucoma types of 5 (56%) primary open-angle glaucoma, 1
(11%) pseudoexfoliation glaucoma, 1 (11%) steroid-induced
glaucoma, 1 (11%) uveitic glaucoma, and 1 (11%) mixed
mechanism glaucoma; angle-opening grade of 3.2± 0.7 in
Shaffer grading; lens status of 8 (89%) phakic and 1 (11%)
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pseudophakic eyes; and 1 eye that had a history of previous
glaucoma surgery (ab externo trabeculotomy). The proce-
dure included μLOT alone in 33 (33%) eyes and μLOT
combined with cataract surgery in 6 (67%) eyes.

The μLOT was performed through two corneal side ports
as reported previously [6]. Briefly, a spatula-shaped micro-
hook designed specifically for use during μLOT was used
(M-2215, Inami, Tokyo, Japan). Viscoelastic material (1%
sodium hyaluronate, Opegan Hi, Santen Pharmaceutical)
was injected into the anterior chamber through the clear cor-
neal ports created using a 20-gauge microvitreoretinal knife
(Mani, Utsunomiya, Japan) at the 2 to 3 and 9 to 10 o’clock
positions. A microhook was inserted into the anterior cham-
ber through the corneal port using a Swan-Jacob gonioprism

lens (Ocular Instruments, Bellevue, WA) to observe the angle
opposite to the corneal port. The tip of the microhook then
was inserted into Schlemm’s canal and moved circumferen-
tially to incise the inner wall of Schlemm’s canal and trabec-
ular meshwork over 3 clock hours (Figure 1(a)). Using the
same procedure, LOT was performed in the opposite angle
using a microhook inserted through the other corneal port.

iOCT then was performed to assess the gonio structures
using spectral-domain iOCT (RESCAN 700, Carl Zeiss
Meditec Japan, Tokyo, Japan); however, the angle structure
was not visualized through the limbal tissue because of poor
penetration of the light source. Alternatively, under observa-
tion using a Swan-Jacob gonioprism lens with the real-time
5-line scan mode, I successfully acquired OCT images of
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Figure 1: iOCT during μLOT. (a) Intraoperative findings during microhook ab interno trabeculotomy. Under observation using a
Swan-Jacob gonioprism lens, a microhook is inserted into Schlemm’s canal. In this case of the left eye, temporal angle is being incised
with the microhook that was inserted from the nasal corneal port. (b) Intraoperative observation of the incised trabecular meshwork and
inner wall of Schlemm’s canal by 5-line scans of the RESCAN 700 in combination with a Swan-Jacob gonioprism lens. In this case of the
right eye, temporal angle is visualized with iOCT. (c, d, e) Based on the flap locations (white and red arrows), the trabeculotomy cleft is
classified into an anterior incisional pattern (c) (seen with posterior-based flaps predominantly), middle incisional pattern (d) (seen with
posterior- and anterior-based flaps), or posterior incisional pattern (e) (seen with anterior-based flap predominantly). (f) The
trabeculotomy cleft is unclear because the OCT signal is blocked by a blood clot. The white arrow, a posterior-based flap; the red arrow,
an anterior-based flap; the blue arrow, a blood clot; and the asterisk, the lumen of Schlemm’s canal.
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the area I intended to observe in 10 (83%) of 12 sides (i.e.,
nasal and/or temporal angles) in nine eyes in which iOCT
was performed (Figure 1(b), Supplementary Video 1 avail-
able online at https://doi.org/10.1155/2017/6310835). After
the iOCT imaging, the viscoelastic material was aspirated
bimanually and the corneal ports were closed by corneal
stromal hydration.

At the final follow-up of 7.0 ± 1.7 months postsurgically,
the baseline IOP of 20.6± 7.9mmHg reduced to 14.9±
2.6mmHg (25% reduction; p = 0 0078, Wilcoxon signed-
rank test) while the baseline number of glaucoma medication
of 3.3± 0.9 unchanged to 2.9± 1.0 (p = 0 2500). Baseline
best-corrected visual acuity of 0.2± 0.6 in the logarithm
of the minimum angle of resolution improved to 0.0± 0.1
(p = 0 0313) with no eye decreased visual acuity. Other than
perisurgical hyphema, no surgery-related complication
was recorded; one eye (uveitic glaucoma) required Ahmed
glaucoma valve implantation at 5 months after μLOT
because of insufficient IOP reduction.

Based on the appearance of the acquired images of the 10
sides, the trabeculotomy cleft could be classified into three
incisional patterns, that is, six (60%) anterior-opening
patterns (Figure 1(c), posterior-based flap), three (30%)
middle-opening patterns (Figure 1(d), posterior- and
anterior-based flaps), and one (10%) posterior-opening
pattern (Figure 1(e), anterior-based flap), according to the
predominant locations of the trabecular meshwork flaps.

3. Discussion

Although previous reports have suggested that good visuali-
zation of the gonio structures can be achieved through a deep
sclerectomy window during canaloplasty [7], my current
experience indicated that Schlemm’s canal cannot be visual-
ized through the full-thickness sclera because of poor
penetration of the RESCAN 700 light source. I observed a
trabeculotomy cleft and the lumen of Schlemm’s canal using
both the RESCAN 700 and a gonioprism. In that region,
where refluxed blood from the aqueous vein was presented,
the trabeculotomy cleft was sometimes unclear due to block-
age of the OCT signal (Figure 1(f), blue arrow). Even in such
region, the 5-line scan allowed visualization of the cleft at
least in part in all 10 sides when the OCT images of the region
of interest were obtained. Because the iOCT itself is the
noncontact method and the gonioprism use is required to
perform μLOT, application of iOCT in combination with a

gonioprism during μLOT seems a safe procedure. In two
(17%) sides, no OCT image was obtained due to the
lengthy time required to frame/focus the image. Previously,
successful iOCT images were obtained in 224 (99%) of 227
eyes, most during corneal or vitreoretinal surgeries [1].
Thus, iOCT of the gonio structures performed in combina-
tion with a gonioprism requires some experience for success-
ful image acquisition.

I morphologically classified the appearance of the trabe-
culotomy cleft into three groups (Figure 2), and the cleft at
the anterior edge of the trabecular meshwork was the most
frequent pattern after the incision using a microhook; this
should associate with the significant IOP reduction after
μLOT [5, 6], although the association between the patterns
and surgical efficacy has not been clarified yet. Recently,
based on postoperative observation using anterior segment
OCT, a possible connection between the anterior chamber
and suprachoroidal space through the iris root was reported
in cases after trabectome surgery [8]. Although I did not find
evidence of cyclodialysis or dissociation of the pectinate
ligaments of the iridocorneal angle in our cases, iOCT
can be used to elucidate the mechanism of the phenomenon
reported by Akagi et al.

4. Conclusion

Intraoperative observation of the gonio structures including
the trabeculotomy cleft was feasible using the RESCAN 700
in combination with a gonioprism. The reported technique
might be useful to confirm the proper opening of the inner
wall of Schlemm’s canal during trabeculotomy.
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Figure 2: Schematic drawings of three patterns of trabeculotomy cleft. (a, b, c) Based on the flap locations (black and red arrows), the
trabeculotomy cleft is classified into an anterior (a), middle (b), or posterior (c) incisional patterns. The black and red arrows indicate
posterior- and anterior-based flaps, respectively. The asterisk indicates the lumen of Schlemm’s canal.
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consent was obtained from all patients for being included
in the study.
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The Aim. The aim of this study was to assess general and ocular profiles of patients with single-localisation changes in visual
field. Material and Methods. The study group consisted of 215 Caucasian patients with normal-tension glaucoma with
scotoma on single localisation or with preperimetric glaucoma. During regular follow-up visits, ophthalmic examination
was carried out and medical history was recorded. The results of the visual field were allocated as paracentral scotomas,
arcuate scotomas, peripheral defects, or hemispheric defects. Statistical analysis was conducted with Statistica 12, and
p < 0 05 was considered statistically significant. Results. Risk factors such as notch, disc hemorrhage, general hypertension,
migraine, and diabetes were strongly associated with specific visual field defects. Paracentral defect was significantly more
frequent for women (p = 0 05) and patients with disc hemorrhage (p < 0 001). Arcuate scotoma occurred frequently in
patients without disc hemorrhage (p = 0 046) or migraines (p = 0 048) but was observed in coexistence with general
hypertension (p < 0 001). The hemispheric defect corresponded with notch (p = 0 0036) and migraine (p = 0 081). Initial
IOP was highest in patients with arcuate scotoma and lowest in patients with preperimetric glaucoma (p = 0 0120).
Conclusions. The specific morphology of scotoma in patients with normal-tension glaucoma is connected with definite
general and ocular risk factors.

1. Introduction

Normal-tension glaucoma is a subtype of primary open-
angle glaucoma where maximal intraocular pressure (IOP)
never exceeds 21mmHg [1]. Some studies did not differ-
entiate normal-tension glaucoma (NTG) from high-tension
glaucoma (HTG) finding it a continuum of the same disease.
IOP remains well recognized and the only modifiable factor
in pathogenesis and treatment of primary open-angle glau-
coma [2]. In glaucoma with initial IOP within the normal
range in the absence of this pathogenic factor, the other
causative agents need consideration. The risk factors for
development and progression of normal-tension glaucoma
are associated with general status as low blood pressure [3],
migraines [4], dysregulation of blood flow [5], and diabetes
mellitus [6]. Additionally, there are studies showing that

NTG has some ocular indicators such as disc hemorrhages
[7], parapapillary atrophy [8], and low central corneal
thickness [9].

An interesting issue are visual field scotomas described
in NTG patients. It has been reported that visual field
defects are more likely to be deeper, steeper, and closer
to fixation in NTG compared to HTG [10, 11]. The charac-
teristics of visual field changes in NTG have been reported
as the occurrence of dense scotomas close to fixation
and often at low levels of total loss, whereas in primary
open-angle glaucoma (POAG) with typical arcuate scotoma
at Bjerumm’s region, paracentral scotomas tend to occur in
association with a more advanced field loss [12].

The aim of this study was to evaluate general and ocular
profile of patients with specific visual field (VF) changes in
the absence of elevated IOP.
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2. Material and Methods

The studied group included in this retrospective analysis
consisted of 215 Caucasian patients with NTG (151
females and 64 males) treated at the Department of
Diagnostics and Microsurgery of Glaucoma of the
Medical University of Lublin, Poland, between 2012
and 2015. Clinical characteristics of the group were
shown in Table 1. Only the patients with scotoma on
single localisation or with preperimetric glaucoma were
recruited. Preperimetric glaucoma was diagnosed accord-
ing to disc morphology and RNFL OCT measurements
(Cirrus, Zeiss).

Written consent was obtained from all patients
before their enrolment in the study and was included
in each patient’s study documentation. The study
adhered to the tenets of the Declaration of Helsinki,
and the study design was approved by the Ethics
Committee of the Medical University of Lublin (approval
number: 127/12).

Patients with NTG met the following inclusion criteria: a
glaucomatous neuroretinal rim loss, an open angle under
gonioscopy, and IOP consistently <21mmHg (the highest
measured before introduction of antiglaucoma therapy was
≤21mmHg and was called maximum IOP). During regular
follow-up visits, best-corrected visual acuity (BCVA), maxi-
mum IOP, and IOP with Goldmann applanation tonometry
were measured, and gonioscopic, pachymetric, visual field
(VF) (30-2 SITA-fast, Humphrey), biomicroscopy, and
stereoscopic fundus examinations were carried out. Of
all the VF data, we excluded the unreliable VF results
(fixation loss> 20%, false positive and false negative> 15%).
All IOP measurements were corrected according to mea-
surements of central corneal thickness (CCT) obtained
during pachymetry. Medical history was recorded regard-
ing glaucoma, other ophthalmic diseases, chronic general
disorders, and vascular risk factors (migraine, low blood
pressure, and cold extremities).

The results of the visual field examinations were
allocated as paracentral scotomas, arcuate scotomas,
peripheral (nasal/temporal step) defects, or hemispheric
defects as described previously [13, 14]. Patients with
different morphologies of the scotoma in the right and
left eye were excluded from the study. While testing the
ocular factors, each eye was counted separately; while
considering general risk factors, they were assessed for
each patient.

Statistical analysis of the results was conducted with
the Statistica 12 software, and p < 0 05 was considered
statistically significant. The results were reported mainly
as mean± SD or percentage values. Normal distribution
was checked with Shapiro-Wilk test. We used t-test to
compare normally distributed data and in case of non-
normally distributed data ANOVA Kruskal-Wallis test
with Tukey as post hoc test. Chi-square test with Yates
modification when needed was used to check the associa-
tion between risk factors of glaucoma and visual field
defects. In case of statistical significance obtained in chi-
square test, logistic regression analysis was performed to

assess odds ratios (OR). Correlations were assessed using
Spearman test.

3. Results

Two hundred eighty eyes of 215 subjects were included in
the study. Demographic and clinical characteristics of the
whole studied group was shown in Table 1. Preponderance
of women was observed in the studied group.

After dividing patients according to the localisation of
scotoma, no differences were found in age (p = 0 8561),
age of diagnosis (p = 0 6255), BCVA (p = 0 1880), and
CCT (p = 0 7201) in patients with different visual field
features (Table 2).

The highest initial IOP was observed in patients with
arcuate scotoma and the lowest in patients with preperi-
metric glaucoma (p = 0 0120; arcuate versus preperimetric:
p = 0 0276). There was no correlation between intraocular
pressure and MD at diagnosis (p = 0 529). We did not
observe any correlation between initial intraocular pressure
and age of diagnosis (p = 0 18).

In chi-square analysis, paracentral defect was signifi-
cantly more frequent in women (p = 0 05) and patients
with disc hemorrhage (p < 0 001) but less frequent in patients
with diabetes mellitus (p = 0 0168). Early arcuate scotoma
occurred less frequently in patients with disc hemorrhage
(p = 0 046) and migraines (p = 0 048), but it was more fre-
quent in patients with general hypertension (p < 0 001).
Hemispheric defect was observed in patients with notches
(p = 0 0036) and migraine (p = 0 081) but rarer in patients
with disc hemorrhages (p = 0 0815). In patients with a
preperimetric form of normal-tension glaucoma, female
gender (p = 0 0221) and general hypertension (p < 0 001)

Table 1: Demographic characteristic of the studied group.

Studied group

Number of patients 215

Number of eyes 280

Females
151 (70%)

212 eyes (76%)

Mean age 70.5± 10
Time from diagnosis 4.6± 4.9 years
BCVA (mean) 0.7

Maximal IOP (mmHg) 17.3± 2.6
CCT (μm) 537± 36.9
CDR (mean) 0.76± 0.12
PPA (number of eyes) 69

Notch (number of eyes) 129

Disc hemorrhages (number of eyes) 101

Diabetes mellitus 70

Migraines 44

Hypertonia arterialis 104

Cold extremities 60

General hypotension 46
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were observed less frequently. The details of the data are
put in Tables 2 and 3.

The results of logistic regression analysis were shown in
Table 4. Paracentral scotoma was 3.98 more frequent in
patients with disc hemorrhages. Disc hemorrhages were less
frequent in hemifield defect (OR=0.28) and in preperimetric
NTG (OR=0.44).

4. Discussion

Primary open-angle glaucoma (POAG) involves optic nerve
fiber layer dropout that produces a visual field (VF) loss,
which has heterogeneous patterns. The optic nerve contains
distinct retinal ganglion cell populations with different vul-
nerabilities [14, 15], so the etiology of POAG may differ in
diverse patterns of early VF loss. Early scotomas in glaucoma
are typically found in Bjerumm’s region 10–20 degrees from
the fixation point, thus sparing central visual acuity until the
advanced stage of the disease, but some eyes develop defects
threatening fixation in the earlier stages of glaucoma with a
consequent greater risk of the reduced quality of life.

Patients with a glaucomatous paracentral VF loss may be
at greater risk of losing useful visual acuity [16]. Addition-
ally, a paracentral VF loss causes problems in the perfor-
mance of daily life activities by difficulty in reading [17]
and worsened driving performance [18]. In this study, typi-
cal arcuate scotoma was the most frequent type of early
changes in VF in normal-tension glaucoma. However, para-
central defect was present in 25% of patients with NTG,
which was twice more frequent comparing to that of Polish
patients with primary open-angle glaucoma with high initial
IOP [19].

According to the results of our study, every pattern of
observed single-site changes in visual field has specific
features. Risk factors for paracentral defects are female
gender and disc hemorrhages, but diabetes seems to be
protective. The results of our study did not confirm the
influence of migraines, cold extremities, or general hypo-
tension as suggested in some studies [20]. Patients with
arcuate scotoma had more frequently general hypertension,
with low occurrence of migraines and disc hemorrhages.
In case of hemispheric defects the lowest initial IOP,

Table 2: Ocular characteristics of the subgroups of visual field defects. In the table, a number of eyes were shown; a chi-square test
compared if the specific feature is more/less frequent in the group with specific morphology of scotoma comparing to that in the rest
of the studied group.

Paracentral Arcuate Peripheral Hemispheric Preperimetric

Number of eyes 70 93 28 23 66

Number of eyes of women
59 70 21 19 43

p = 0 0535 p = 0 9024 p = 0 8892 p = 0 8454 p = 0 0221∗
Age (years) 71 71.3 66.8 66.1 71.6

Maximal IOP (mmHg) 17.7 17.8 17.8 16.5 16.3

CCT (μm) 534 534.8 544.6 542.3 540.5

Parapapillary atrophy
13 27 7 5 17

p = 0 0989 p = 0 4261 p = 0 8917 p = 0 9051 p = 0 9470

Notch
29 44 11 17 28

p = 0 2402 p = 0 9645 p = 0 4594 p = 0 0036∗ p = 0 3449

Disc hemorrhage
41 26 16 4 14

p = 0 0000∗ p = 0 046∗ p = 0 14 p = 0 0161∗ p = 0 0004∗
∗Statistically significant.

Table 3: General risk factors in studied subgroups. In the table, a number of eyes were shown; a chi-square test compared if the specific risk
factor is more/less frequent in the group with specific morphology of scotoma comparing to that in the rest of the studied group.

Paracentral Arcuate Peripheral Hemispheric Preperimetric

General hypertension
26 52 7 10 9

p = 1 0 p = 0 0000∗ p = 0 4871 p = 0 5116 p = 0 0000∗

General hypotension
15 12 4 4 11

p = 0 1924 p = 0 2616 p = 0 9571 p = 0 87 p = 0 9524

Migraines
9 10 4 7 14

p = 0 2171 p = 0 0438∗ p = 0 8528 p = 0 0815 p = 0 94

Diabetes mellitus
10 24 8 8 20

p = 0 0168∗ p = 0 826 p = 0 6037 p = 0 2831 p = 0 1886

Cold extremities
10 20 9 3 18

p = 0 1301 p = 0 9827 p = 0 2249 p = 0 4486 p = 0 1857
∗Statistically significant.
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notches on the disc and migraines were observed, but disc
hemorrhages were rare. Patients with no changes in VF
were more frequently males with lower IOP and without
DH or general hypertension.

Normal-tension glaucoma is believed to be at least
partially IOP dependent. There are studies which show the
influence of intraocular pressure on different aspects of
NTG. Lee et al. [21] demonstrated that VF deterioration
increases 4.2-fold for each 1mmHg increase in IOP in
patients with POAG including NTG and ocular hyperten-
sion. According to the results of EMGT, the mean rate of
VF deteriorations −1.31 dB/year in the higher initial IOP
group compared to −0.36 in dB/year in the lower baseline
IOP group [22]. This is in concordance with the results of
this study where IOP differentiates patients with no scotoma
who tend to have lower IOP from the group with changes in
VF (in case of arcuate scotoma, this difference is statistically
significant) with the exception of hemispheric defect, which
developed in patients with low baseline IOP. Additionally,
it is claimed that NTG eyes progress more often in the center
[23] and that central worsening of scotoma may have signif-
icant association with IOP during the follow-up period [24].
In our study, initial IOP of patients with paracentral defect
was similar to the one observed for arcuate and peripheral
scotomas (as in Rao and Mukherjee [25]), which stays on
the contrary to the results of some studies [15, 26].

In our patients with early NTG, there was a clear prepon-
derance of women which was observed by the others [27].
Female gender was also more frequent in the case of paracen-
tral visual loss. It may indicate that there are factors associ-
ated with female gender influencing the course of the
disease. Some hypotheses concerning female preponderance
suggest an association between the estrogen SNP pathways
and POAG among females [28]. But there may be other
biological mechanisms underlying the observed gender
specificity such as epigenetic differences and possible neuro-
protective action of sex hormones [29].

Disc hemorrhage (DH) is a feature of glaucomatous
optic neuropathy commonly observed in NTG and rarely
found in normal eyes [30]. The pathogenesis of DH
remains unclear. It develops on the level of the lamina cri-
brosa where there are four biomechanical forces: IOP,
arterial pressure, venous pressure, and cerebrospinal fluid
pressure. The occurrence of DH may be associated with
pathologic changes or an imbalance of these forces [31].
In this study, DH were more than 3.5 times frequent in
patients with paracentral scotoma being not only the predic-
tor of progression as suggested by some authors [32–34] but
also the indicator of localisation of the defect in the paracen-
tral region of VF and endangerment of an early visual loss,
which was described previously by Kang et al. for the Korean
population [35].

Table 4: Logistic regression analysis of morphology of the scotoma with risk factors.

Morphology of scotoma Risk factor p value Odds ratio (OR) Confidence interval (CI)

Paracentral

DH 0.0000∗ 3.98
−95%CI = 2.25
+95%CI = 7.03

DM 0.18 0.5
−95%CI = 0.18
+95%CI = 1.39

Arcuate

DH 0.103 0.64
−95%CI =−0.38
+95%CI = 1.09

General hypertension 0.058 2.01
−95%CI =−0.97
+95%CI = 4.16

IOP 0.056 1.11
−95%CI = 0.99
+95%CI = 1.24

Migraine 0.54 0.78
−95%CI = 0.35
+95%CI = 1.74

Hemifield

DH 0.046∗ 0.28
−95%CI = 0.08
+95%CI = 0.97

Notch 0.016∗ 4.75
−95%CI = 1.33
+95%CI = 16.75

Migraine 0.09 2.47
−95%CI = 0.85
+95%CI = 7.12

Preperimetric

DH 0.013∗ 0.44
−95%CI = 0.23
+95%CI = 0.84

General hypertension 0.09 1.89
−95%CI = 0.89
+95%CI = 4.03

IOP 0.0036∗ 0.83
−95%CI = 0.74
+95%CI = 0.94

DH: disc hemorrhages; DM: diabetes mellitus; IOP: intraocular pressure. ∗Statistically significant.
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Primary vascular dysregulation with general hypoten-
sion, migraines, and cold extremities, which destabilises
perfusion pressure in the eye, was described by some
authors with higher frequency in paracentral scotomas
[24, 35]. We could not confirm this for the Polish popu-
lation, which may be connected with different ethnic
specificity as described for Raynaud’s phenomenon [36].
The frequency of migraines observed in our group was
similar to those of a general population [37]. Additionally,
diabetes mellitus, one of the main causes of secondary vas-
cular dysregulation, was less frequent in patients with
paracentral scotomas. Similar to our results, in the recent
study of visual field profiles for POAG, early peripheral
scotoma, as opposed to paracentral scotoma, a visual field
loss, was more common in POAG patients with diabetes
mellitus [14].

Barbados Eye Study [38] reported that hypertension
has a protective role in development of glaucoma by
maintaining an adequate perfusion for the optic nerve.
However, according to the results of the Blue Mountains
Eye Study, hypertension was significantly associated with
OAG and this relation was strongest in subjects with poorly
controlled treated hypertension [39]. In the Rotterdam
Study, systemic blood pressure and hypertension were
associated with IOP and high-tension glaucoma but no
association was found between blood pressure or hyper-
tension and NTG [40]. In our study, general hypertension
was twice more frequent in patients with arcuate scotoma.
Interestingly, this group had also the highest values of
initial IOP. It may indicate that arcuate scotoma, typical
for glaucoma, is mainly IOP dependent. In our study, gen-
eral hypertension was not a risk factor in paracentral or
peripheral scotoma as described previously [14, 15, 35, 41].

Ischemia due to periodic vasoconstriction as described
during migraines is considered as a potential risk factor
for glaucomatous visual field damage [37]. In our group,
migraines were more frequent in patients with hemi-
spheric defect. Some authors speculate that initial para-
central scotomas during progression become a hemifield
defect [42], but all patients with a hemifield defect in
our study had this morphology of scotoma since the time
of diagnosis. In the last study of NTG and POAG eyes
with hemifield structural and functional defects, vessel
diameter was not significantly different in the affected
and unaffected quadrants, which may point toward the
possibility that vascular diameter changes are not the
cause for glaucomatous changes [43]. In the study charac-
terizing the visual fields of subjects with migraine head-
aches, many of the visual field deficits observed were
present in the peripheral visual field and were similar to
the arcuate type of deficits reported for early stages of
glaucoma [44].

According to the results of this study, it is possible to
hypothetically predict the morphology of early scotoma
appearing in the visual field by taking into consideration
the general and ocular profile of a patient with normal-
tension glaucoma. It could potentially be helpful in identify-
ing the patients endangered with an early loss of useful visual
acuity because of paracentral scotoma.
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Background. Assessment of color disc photograph (C-DP) is affected by image quality, which decreases the ability to detect
glaucoma. High-dynamic-range (HDR) imaging provides a greater range of luminosity. Therefore, the objective of this study
was to evaluate the capability of ophthalmology residents to detect glaucoma using HDR-concept disc photography (HDR-DP)
compared to C-DP. Design. Cross-sectional study. Methods. Twenty subjects were classified by 3 glaucoma specialists as either
glaucoma, glaucoma suspect, or control. All C-DPs were converted to HDR-DPs and randomly presented and assessed by 10
first-year ophthalmology residents. Sensitivity and specificity of glaucoma detection were compared. Results. The mean± SD of
averaged retinal nerve fiber layer (RNFL) thickness was 74.0± 6.1 μm, 100.2± 9.6 μm, and 105.8± 17.2μm for glaucoma,
glaucoma suspect, and controls, respectively. The diagnostic sensitivity of HDR-DP was higher than that of C-DP (87% versus
68%, mean difference: 19.0, 95% CI: 4.91 to 33.1; p = 0 014). Regarding diagnostic specificity, HDR-DP and C-DP yielded 46%
and 75% (mean difference: 29.0, 95% CI: 13.4 to 44.6; p = 0 002). Conclusions. HDR-DP statistically increased diagnostic
sensitivity but not specificity. HDR-DP may be a screening tool for nonexpert ophthalmologists.

1. Introduction

Glaucoma is a chronic progressive optic neuropathy that is
characterized by loss of retinal nerve tissue and field of
vision. Due to the asymptomatic nature of the disease, most
patients are not aware that they have glaucoma until the late
stage of the disease. Currently, more than 8.4 million people
worldwide are bilaterally blind from glaucoma [1]. It has
been estimated that worldwide prevalence of glaucoma will
rise to 111.8 million by 2040, with a high proportion in Asia
and Africa [2, 3]. However, the actual prevalence of glau-
coma may be higher than this estimation, because more than
half of glaucoma patients are under diagnosed [4–6]. Early
diagnosis and treatment is the key to preventing blindness
from glaucoma. One of the highest sensitivity methods for

monitoring early glaucomatous change is detection of retinal
nerve fiber layer (RNFL) defect [7–9]. Color optic disc pho-
tography (C-DP) is a standard tool for RNFL evaluation due
to its convenient, low-cost, and noninvasive technique.
However, the ability to detect glaucoma, especially by clini-
cians lacking expertise in glaucoma, has been hindered by
the poor quality of C-DP images (e.g., light exposure, poor
contrast, and color tone), which are frequently found in
media opacity and tigroid fundus cases [10]. High-
dynamic-range (HDR) imaging is a computerized technique
that was developed to produce a greater dynamic range of
luminosity, compensate for loss of detail by adapting differ-
ent exposure levels, and integrate those exposure levels to
reproduce a new image with broader tonal range [11, 12].
Accordingly, the aim of this study was to evaluate the
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capability of ophthalmology residents to detect glaucoma
and peripapillary RNFL defect using HDR optic disc photog-
raphy (HDR-DP), as compared to detection using C-DP.

2. Materials and Methods

This cross-sectional study was conducted at the Department
of Ophthalmology, King Chulalongkorn Memorial Hospital
(Bangkok, Thailand) and was approved by the Institutional
Review Board of the Faculty of Medicine, Chulalongkorn
University. This study was conducted in accordance with
the Declaration of Helsinki and all of its subsequent amend-
ments. There were 3 groups of participants in this study,
including glaucoma patients, glaucoma suspect patients,
and healthy volunteers. Color optic disc photographs were
taken from the eyes of participants in all 3 subgroups. Evalu-
ators consisted of 10 first-year ophthalmology residents.
After receiving permission to access and retrieve images,
color disc photographs of glaucoma and glaucoma suspect
patients were recruited from our hospital’s imaging database.
Written informed consent was obtained from healthy volun-
teers prior to their participation in the study. All subjects
were more than 18 years old and had a spherical refractive
error between −6 diopters and +6 diopters and astigmatism
of less than 3 diopters. Exclusion criteria were history of
intraocular trauma, retinal disease, neurological disease,
and uncooperative subject. All glaucoma and glaucoma sus-
pect subjects had undergone C-DP (KOWA Company Ltd.,
Nagoya, Aichi, Japan), optical coherence tomography
(OCT) (Cirrus-HD OCT; Carl Zeiss Meditec, Dublin, CA,
USA), and standard automated perimetry (SAP) (Carl Zeiss
Meditec, Dublin, CA, USA) within 6 months prior to the
start of the study. All C-DPs from the glaucoma and glau-
coma suspect groups were performed in dilated condition
by a single experienced photographer at dimensions and set-
tings of 1600× 1216 pixels and RGB color space in JPEG for-
mat. Only qualified images were recruited. Glaucoma patient
was defined as vertical cup-to-disc ratio greater than 97.5th
percentile of normal population with presence of RNFL
defect in OCT or disc photograph that correlated with visual
field defect in SAP. Presence of vertical cup-to-disc ratio
between 97.5th and 99.5th percentiles of normal population
without RNFL defect or functional visual field loss and IOP
of less than 21mmHg were classified as glaucoma suspect
subjects. Healthy volunteers who participated in this study
had visual field tests and images taken following the same
process by the same single photographer. Healthy partici-
pants had a vertical cup-to-disc ratio of less than 97.5th per-
centile with a normal reliable SAP result. Nonqualifying
images, OCT, and visual fields included the following: (1)
images with poor visualization of retinal blood vessels; (2)
OCT scans with incorrect ONH detection, off-centered
ONH, motion artifacts, wrong segmentation, or signal
strength less than 6; and (3) unreliable SAP with fixation loss,
false-positive or false-negative responses greater than 20%.
Images from 10 glaucoma patients, 5 glaucoma suspect
patients, and 5 healthy volunteers were taken, recorded,
and included in the study. A total of 20 C-DPs from all sub-
jects were recruited from April to October 2014. Three

glaucoma specialists (VT, AM, and SC) evaluated C-DP,
OCT, and SAP to confirm the diagnosis and to identify the
number and affected areas of peripapillary RNFL defect in
six quadrants (nasal, superonasal, superotemporal, temporal,
inferotemporal, and inferonasal) (Figure 1). The determina-
tions reached by the 3 specialists were marked as references
for further evaluation by the ophthalmology residents.

All recruited C-DPs were then processed into HDR
photos by adjusting the light exposure as overexposed, nor-
mally exposed, or underexposed (Figure 2).

Image editing was performed using preview program for
Mac OS X version 8.0. Three different exposure images were
then combined using the following settings: strength −4.4,
brightness 0.4, local contrast 8.4, white Clip 1.0, black Clip
0, midtone 0, and color saturation −1.5 (Figure 3).

After that, the ten first-year ophthalmology residents
who volunteered to join the study provided written informed
consent to participate as evaluators. All evaluators were
trained in how to diagnose glaucoma and identify RNFL
defect. Evaluators were blinded to patient clinical informa-
tion and diagnosis. The ophthalmology resident evaluators
independently assessed a set of 40 randomly sequenced disc
photographs consisting of 20 C-DPs and 20 HDR-DPs.
Images were projected onto a projector screen at a resolution
of 1280× 800 pixels with 32-bit color in a dark room, and all
of the evaluators assessed the image within a period of 30 sec-
onds. The residents were asked to answer 2 questions within
30 seconds, as follows: determine whether the presenting
image is glaucoma or not and identify the number and loca-
tion of RNFL defect.

3. Statistical Analysis

All statistical analyses were performed using SPSS version
17.0 (SPSS Inc., Chicago, IL, USA). Paired t-test was used
to test statistical differences of sensitivity and specificity
between C-DP and HDR-DP, as evaluated by the residents
when using the glaucoma specialists’ references. The primary
outcomes were mean difference± SD of sensitivity and spec-
ificity of the test. p values less than 0.05 were considered
statistically significant.

4. Results

Demographic and clinical data of study subjects are shown
in Table 1.

All subjects had best-corrected visual acuity better than
20/30. Distribution of sensitivity and specificity of glaucoma
diagnosis using C-DP and HDR-DP by the 10 ophthalmol-
ogy residents is shown in Figure 4. The scatter plot graph
shows high level of distribution for sensitivity in HDR-DP,
compared to medium level of distribution for specificity.

The average sensitivity of glaucoma detection inHDR-DP
was better than that in C-DP (87%±13.4% and 68%±19.3%,
resp.). Themean difference of sensitivity was 19.0 ± 19.7 (95%
CI: 4.91 to 33.1). The average specificity of glaucomadetection
in HDR-DP and C-DP was 46%±28.8% and 75%±17.2%,
respectively. The mean difference in specificity was 29.0
± 21.8 (95% CI: 13.4 to 44.6) (Table 2).
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The average sensitivity of RNFL defect detection between
C-DP and HDR-DP in each quadrant of the glaucoma group
was analyzed, but no statistical significant difference was
observed (Table 3). Interobserver agreement in our study
was 0.33 (95% CI: 0.21 to 0.45) and 0.43 (95% CI: 0.31 to
0.56) for HDR-DP and C-DP, respectively.

5. Discussion

In this study, we applied the HDR technique and evaluated
diagnostic accuracy compared with original C-DP in

nonexperienced trainees. We found that HDR-DP had
higher sensitivity for detecting glaucoma than C-DP, but
specificity for detection of glaucoma using HDR-DP was
lower than that using C-DP. RNFL defect detection was sim-
ilar between the two techniques.

Color disc photograph is the backbone diagnostic
method for glaucoma diagnosis and is widely used in clinical
practice. To improve the visualization of optic disc character-
istics, stereoscopic disc photograph for three-dimensional
evaluation is normally recommended. Many studies have
compared the diagnostic ability of using stereoscopic versus

Figure 1: Locations of peripapillary retinal nerve fiber layer. N: nasal; SN: superonasal; ST: superotemporal; T: temporal; IT: inferotemporal;
IN: inferonasal.

(a) (b)

(c)

Figure 2: High-dynamic-range image processing of color disc photography with three different exposure levels. (a) Underexposed image; (b)
normally exposed image; (c) overexposed image.
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monoscopic disc photographs to detect multiple optic disc
characteristics, and they have reported varying and some-
times controversial results [13, 14]. A recent paper by the
Glaucomatous Optic Neuropathy Evaluation (GONE) Pro-
ject found that intraobserver and interobserver agreements
for determining glaucoma, including vertical cup-to-disc
ratio and RNFL defect detection, were similar between
monoscopic and stereoscopic disc photographs in experi-
enced observers [15, 16]. They then explored the factors
associated with underdiagnosis of glaucoma in trainees using
monoscopic disc photograph. The most common factor was

inability to identify RNFL defect, followed by unseen disc
hemorrhage, neural rim loss, and vertical cup-to-disc ratio
[17]. These results were more pronounced in ophthalmology
trainees than in fully trained ophthalmologists. In our study,
two-thirds of glaucoma patients were diagnosed using C-DP
by trainees, with approximately 32% of the confirmed
glaucoma being missed. This reflected the limitation of
identifying RNFL defect and detecting glaucoma using
only C-DP.

To highlight RNFL visualization, red-free disc photo-
graph and blue reflectance RNFL with confocal scanning

(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 3: Examplesof color andhigh-dynamic-rangedisc photographsof 2normal controls (a, b andc, d) and2glaucomapatients (e, f andg, h).
Left column (a, c, e, and g) color disc photograph and right column (b, d, f, and h) high-dynamic-range concept disc photograph.
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laser ophthalmoscopy were assessed and compared with C-
DP [18]. They found that both red-free and blue reflectance
images provided better sensitivity than C-DP; however, spec-
ificity was not statistically significantly different from C-DP.
Marlow et al. applied an image-processing technique to ana-
lyze glaucoma progression [19]. Baseline and subsequent
optic disc photographs were autoaligned and subtracted to
show differences in optic disc characteristics. For glaucoma
detection, the objective of our study, this technique could also
be applied. However, this technique is unable to deliver
prompt glaucoma diagnosis, since it requires at least 2 photo-
graphs to detect changes. In addition, this method requires
good quality images and complicated manual processes. In
this study, we applied HDR concept using a wide range of
luminosities to create a final image with more visible details,
especially to highlight the RNFL and the characteristics of the
optic disc. There are several advantages of HDR concept over
original disc photograph. First, HDR does not require a good

quality image, as HDR can enhance image quality by adjust-
ing parameters. As a result, images with media opacity will
benefit from this technique (Figures 3(c), 3(d), 3(g) and 3(h)).
In addition, the background of fundus in high myopia and
tigroid fundus usually interfere with the evaluation of RNFL.
HDR can emphasize the visualization of RNFL in such cases
(Figures 3(e) and 3(f)). Furthermore, HDR requires no spe-
cial device other than software that is autoadjustable and
normally available free of charge. Using the HDR applica-
tion, the sensitivity of glaucoma detection was significantly
higher than using C-DP. In this study, HDR-DP was created
by adjusting the light exposure from 1 original C-DP image,
because true HDR technology is difficult to obtain due to
motion artifact. While not true for HDR technology, HDR-
DP modification facilitates the creation of final images with
broader dynamic ranges than those of C-DP images [11].

However, HDR-DP had lower specificity than C-DP, as
well as average sensitivity for RNFL defect in each quadrant

Table 1: Demographic and clinical data of study subjects.

Demographic and clinical data Glaucoma (N = 10) Glaucoma suspect (N = 5) Normal (N = 5)
Age (y), mean± SD 61.0± 9.8 55.8± 12.1 47.6± 1.8
Female (eyes) 7 3 5

Laterality (right eye) 5 3 3

Lens status

Clear 0 3 3

Nuclear sclerosis grade 1 7 2 2

Nuclear sclerosis grade 2 2 0 0

Pseudophakia 1 0 0

Cup-to-disc ratio, mean± SD 0.7± 0.1 0.7± 0.1 0.3± 0.0
Spherical equivalent (D), mean± SD 0.1± 0.1 2.2± 0.2 0.1± 0.7
Intraocular pressure (mmHg), mean± SD 14.0± 3.2 12.2± 2.9 15.6± 3.7
Average RNFL thickness (μm), mean± SD 74.0± 6.1 100.2± 9.6 105.8± 17.2
Mean deviation (dB), mean± SD −4.1± 2.9 −1.5± 1.9 −0.4± 0.7
Pattern standard deviation (dB), mean± SD 4.1± 2.1 2.4± 0.9 1.5± 0.3
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Figure 4: Scatter plot of distribution of sensitivity and specificity in
glaucoma diagnosis between C-DP and HDR-DP.

Table 2: Comparison of averaged sensitivity and specificity between
C-DP and HDR-DP.

Mean± SD
(95% CI)

Mean
difference

± SD (95%CI)
p value∗

C-DP HDR-DP

Sensitivity
(%)

68.0± 19.3
[54.2, 81.8]

87.0± 13.4
[77.4, 96.6]

19.0± 19.7
[4.91, 33.1]

0.014

Specificity
(%)

75.0± 17.2
[62.7, 87.3]

46.0± 28.8
[25.4, 66.6]

−29.0± 21.8
[ 44.6, −13.4] 0.002

PPV (%)
75 .0± 15.1
[64.2, 85.8]

64.4± 15.4
[53.3, 75.4]

−10.6± 16.2
[−22.2, 0.9] 0.068

NPV (%)
72.1± 12.3
[63.3, 81.0]

79.7± 19.7
[65.6, 93.7]

7.5± 23.3
[−9.1, 24.2] 0.332

∗p values less than 0.05 indicate statistical significance. SD: standard
deviation; CI: confidence interval; C-DP: color optic disc photography;
HDR-DP: high dynamic-range concept optic disc photography; PPV:
positive predictive value; NPV: negative predictive value. Mean difference is
the comparison of each item between HDR-DP and C-DP (HDR −C).
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in the glaucoma group. This finding was possibly due to the
higher false-positive rate among normal disc photographs
and glaucoma suspect photographs. Both slit defect mimick-
ing true wedge-shaped RNFL defect and unrecognized defect
in diffuse RNFL loss images could be the explanation for high
false-positive results. Differences between the HDR-DP and
C-DP techniques for RNFL defect detection in each quadrant
were not observed. This may be explained by the fact that
HDR potentially improved visualization of not only the
RNFL but also the disc characteristics, which may have led
to the bias of RNFL defect at the corresponding disc area.

Interobserver agreement in our study was 0.33 (95% CI:
0.21 to 0.45) and 0.43 (95% CI: 0.31 to 0.56) for HDR-DP
and C-DP, respectively. This was similar to Callewaert
et al. that reported interobserver variability on fundus
images of 0.29 for trainees and 0.37 for residents [20].
Even after training, nonexpert ophthalmologists demon-
strated interobserver agreement of 0.27 [10]. Although defi-
nitions of nonexperienced clinicians/evaluators varied
among studies, glaucoma experts always showed better inter-
observer agreement [21].

There were some limitations in our study. First, low spec-
ificity was found due to overestimation of RNFL defect in the
HDR-DP group. The RNFL pattern in HDR-DP of normal
and glaucoma suspect patients mimicked slit RNFL defect
and may have induced false-positive results. Improvement
in HDR program parameters may improve overall specificity
and increase sensitivity of RNFL defect, when compared to
C-DP. Secondly, we performed the study using first-year res-
idents that had only 3 months of clinical ophthalmology
training. Although we had briefly trained them on how to
evaluate optic disc photograph in glaucoma, their lack of
experience remained the predominant drawback. In addi-
tion, the residents may have had added difficulty with HDR
interpretation, because this was the first time HDR concept
was applied to disc photograph. These factors resulted in
the high interobserver variations found in our study. Further
study is needed using evaluators with different levels of
experience. Moreover, we did not explore other specific

characteristics of the optic disc that affect or may affect
glaucoma detection. These optic disc characteristics should
also be further investigated.

In summary, HDR-DP provided better sensitivity for
glaucoma detection than C-DP, but specificity was not
improved. HDR-DP might be an effective alternative
glaucoma screening tool for general practitioners, nonexpert
ophthalmologists, and trainees.
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