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Purpose: To maintain visual fields and quality of life over a lifetime, medical practice must
be conducted taking into consideration not only visual field progression but also future visual
field changes that occur over the patients’ expected lifespan. The purpose of this study is to
investigate the feasibility of establishing a model that predicts prognosis, estimating the
proportion of glaucoma patients with severe visual field defects.

Patients and Methods: The data of 191 patients with primary open-angle glaucoma, with
a predominance of normal-tension glaucoma, were used for this study. The model was developed
based on patients’ backgrounds and risk factors, using Monte Carlo simulation. A “severe visual
field defect” was defined as <-20 dB. The mean deviation (MD) value for 10,000 virtual patients
in each simulation pattern (144 patterns) was calculated using a predictive formula to estimate
the MD slope, and the effects of risk factors and intraocular pressure (IOP) reduction on the
proportion of patients with severe visual field defects were evaluated.

Results: Younger age, later-stage disease, more severe glaucomatous structural abnormalities and
the presence of disc hemorrhage were associated with an increase in the progression rate of patients
with severe visual field defects. Conversely, lower IOP was associated with a decrease in this rate.
Conclusion: Combining regression analysis with Monte Carlo simulation could be a useful
method for developing predictive models of prognosis in glaucoma patients.

Keywords: glaucoma, epidemiology, prognosis, risk factors, simulation

Introduction
Glaucoma is a progressive neurodegenerative disease characterized by the progression of
irreversible morphological degeneration in the optic nerve head or retinal nerve fiber
layer, and visual field defects. In order to maintain the visual fields over a lifetime, we
need accurate evaluation of the progression of glaucoma and long-term treatment, with
prediction of future outcomes. The number of patients with glaucomatous blindness
worldwide in 2010 was reported to be 2.1 million, and those with moderate to severe
visual disorders related to glaucoma numbered 4.2 million.” In the future, societal aging
will accelerate worldwide, and thus the treatment duration of glaucoma may be pro-
longed. Therefore, for future glaucoma management, there will be an increased need to
predict the progression of glaucoma and select appropriate therapeutic strategies.

The only evidence-based treatment for glaucoma is intraocular pressure (IOP)-
lowering therapy.® > Various guidelines recommend setting the target IOP for individual
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patients based on the rate of disease progression.®”” Previous
studies attempted to predict the rate of visual field progression
quantitatively based on risk factors. De Moraes et al reported
a formula for predicting the mean deviation (MD) slope, which
is commonly used as an index of visual field progression, from
variables related to age, central corneal thickness (CCT), disc
hemorrhage (DH), IOP, peripapillary atrophy, exfoliation, and
glaucoma surgery. This formula was developed using
a multiple regression analysis based on patient data obtained
from the New York Glaucoma Progression Study.'® Medeiros
et al also established a formula to predict the MD slope from
variables relating to IOP, CCT, and optic disc progression. This
formula was developed using a Bayesian regression analysis
based on patient data obtained from the Diagnostic Innovations
in Glaucoma Study."" Furthermore, we reported a formula to
predict the MD slope from the severity of glaucomatous struc-
tural abnormalities (retinal nerve fiber layer defect [RNFLD]
angle and vertical cup-disc ratio [C/D]), presence or absence of
DH, and percent change in IOP. This formula was developed
using a multiple regression analysis based on data obtained
from patients with primary open-angle glaucoma (POAG),
mainly comprising normal-tension glaucoma (NTG).'

In the management of glaucoma, it is important to main-
tain the patient’s visual fields over his/her lifetime to prevent
the quality of vision being negatively impacted. In order to
achieve this, medical care must be provided in consideration
of the future visual fields during the patient’s lifespan, as well
as visual field progression.®®° However, methods for life-
long visual field prediction based on the combination of these
factors have not yet been examined in detail. Such an
approach may contribute to the provision of personalized
medication for individual glaucoma patients.

In the present study, we conducted a Monte Carlo simula-
tion to investigate the feasibility of establishing a model that
estimates the rate at which individual patient’s transition to
severe visual field defects over their lifetime, based on their
risk factors and examination of the effect of [OP reduction. The
results of this study are also intended to be used as one of the
tools that allow shared decision-making in clinical practice.

Materials and Methods

Acquisition of Patient Data

We used data obtained from our previous retrospective, long-
term study involving patients diagnosed with POAG (high
tension glaucoma [HTG]) or NTG at Fukui-ken Saiseikai
Hospital between June 2009 and May 2015. In that study,
data were acquired with respect to 20 clinical parameters

belonging to six categories: (1) patient background, (2) visual
field, (3) RNFLD, (4) optic nerve head findings, (5) IOP and
(6) DH. These were collected from 498 eligible eyes of 312
patients, and 191 eyes of 191 patients were selected as the
population to be analyzed. Details of the selection criteria
and data acquisition methods were previously reported.' The
protocol of this study was approved by the Ethics Review
Board of the Fukui-ken Saiseikai Hospital, and was con-
ducted in accordance with the Declaration of Helsinki and
Ethical Guidelines for Medical and Health Research
Involving Human Subjects (issued by the Ministry of
Education, Culture, Sports, Science and Technology and
Ministry of Health, Labour and Welfare on December 22,
2014). Informed consent was obtained from patients using
“opt-out” prior to the start of this study, under approval from
the Ethics Review Board.

Model Development

This prognosis-predicting model was developed to predict
changes in the MD value over the lifetime of individual
patients using our formula for estimating the MD slope of
POAG patients. The details of formula development were
previously reported,'? and can be summarized in the outline
as follows. This formula was obtained using a multiple regres-
sion analysis with data on 20 clinical parameters, belonging to
six categories, from the above patient population (191 eyes of
191 patients). The severity of glaucomatous structural
abnormalities (baseline RNFLD angle and baseline vertical
C/D), presence or absence of DH, and mean percent change in
IOP were selected as predictive parameters by stepwise regres-
sion and the population of 133 eyes of 133 patients that
included all four predictive parameters. The RNFLD angle
was defined by constructing a 3.4 mm circle centered on the
disc center, and finding the angle subtended at the center by the
arc that covered the entire RNFLD (Figure 1).

Formula for predicting the MD slope (dB/year)

MD slope = 0.581 + [(Baseline RNFLD angle) x —0.002]
+ [(Baseline vertical C/D) x —1.079] + [(Presence of DH) x
—0.184] + [(Mean IOP change (%)) x —0.006]

The coefficient of determination for this formula was
0.195. Its internal validity was confirmed using a random
sampling method (bootstrap method). Furthermore, the
discriminative ability was confirmed to have moderate
performance by calculating the area under the curve
(AUC) of the receiver-operating characteristic (ROC)
curves for detecting an MD slope between —0.1 and —0.5
(dB/year), resulting in a calculated AUC that ranged from
0.736 to 0.772.

submit your manuscript

1968

Dove

Clinical Ophthalmology 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Nitta et al

RNFLD angle

Figure | Definition of RNFLD Angle. Draw a circle with a diameter of 3.4 mm
centered on the disc center. Determine the points where the circle intersects the
RNFLD. Draw a line between each point of intersection and the disc center. The
RNFLD angle is defined as the angle between the two resulting lines.
Abbreviation: RNFLD, retinal nerve fiber layer defect.

Lifetime changes in the MD value in individual patients
are predicted based on the MD slope estimated using the above
formula, taking into account the patient’s age and MD value.
This model was developed using Microsoft Excel, and predicts
changes in the MD value over the patient’s lifetime until the
average Japanese life expectancy, 84 years,' is reached. The
MD slope was recalculated using the RNFLD angle and
vertical C/D every 6 years using the rates of change in the
two parameters obtained in a previous study (RNFLD angle:
+9.3 degrees/6 years, vertical C/D: +0.0096/6 years).

In this model, lifetime changes in the MD value in
10,000 virtual patients were estimated using Monte Carlo
simulation of the MD slope in these patients. Monte Carlo
simulation is a method used to estimate an output distribu-
tion by setting up probability distributions for each input
variable in the model. This technique was also used by
Anderson et al to estimate the distribution of the rate of
visual field progression in a population consisting of glau-
coma patients.'* Various range- or incidence-designated
simulation conditions can be readily prepared through
random sampling from the distribution of each variable.

To predict the MD slope, the baseline RNFLD angle and
baseline vertical C/D were set based on normal distributions
calculated from the mean and standard deviation (SD) (base-
line RNFLD angle: 46.5 + 25.8, baseline vertical C/D: 0.79 +
0.1) in the development sample. Based on this distribution,
10,000 combinations of the baseline RNFLD angle and base-
line vertical C/D were prepared through random sampling.

Simulation Conditions

To prepare simulation patterns, we defined two conditions
(presence and absence) for DH, four conditions (0, —10, =20,
and —30%) for the percent change in IOP, six conditions (0,
-2.5,-5,-7.5,-10, and —12.5 dB) for the MD value at the
initiation of the simulation, and three conditions (40, 50, and
60 years) for age. We performed a lifetime simulation on
10,000 virtual patients designed by combining these condi-
tions (2 x 4 x 6 x 3 = 144 simulation patterns). Regarding the
presence or absence of DH, patients with >1 episode of DH
during the simulation period (every 6 years) were considered
to have DH, while those with no episode were not. The same
conditions for DH were used for the lifetime simulation.
Patients, extracted by random sampling, with a clinically
improbable RNFLD angle and vertical C/D (RNFLD
angle: <0 degrees, or vertical C/D: >1.0) were excluded
from this simulation. Concerning the vertical C/D, there
may have been some cases in which values exceeded the
upper limit (1.0) during the simulation period with the
correction of the rate of change every 6 years. In these
cases, the vertical C/D was fixed at the upper limit, and
subsequent changes in the MD value were estimated.

Analysis of Results

In this analysis, high-risk patients were defined as those
with severe visual field defects (<-20 dB) at age 84. Severe
visual field loss was used as the study outcome because
a binary outcome like severe visual field loss is easy for
patients to understand. In each simulation pattern, the
number and rate of high-risk patients were calculated. In
addition, simulation results were divided into 20 groups
based on the RNFLD angle (4 grades: 0-30, >30-60,
>60-90, and >90 degrees) and vertical C/D (5 grades:
<0.6, >0.6-0.7, >0.7-0.8, >0.8-0.9, and >0.9-1.0) at the
initiation of the simulation of each pattern. In each group,
the number and rate of high-risk patients were calculated,
and the influence of the percent change in IOP, MD value,
age, presence or absence of DH, and severity of glauco-
matous structural abnormalities on that rate was examined.

Results
Acquisition of Patient Data

The demographic/ocular characteristics of the 191 eyes of
191 patients investigated in this study are shown in Table 1.
Mean £ SD age was 60.9 £ 10.3 years. The disease type was
POAG (HTG) with an IOP of >21 mmHg in 23 patients
(12.0%) and NTG with an IOP of <21 mmHg in 168 patients
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Table | Demographic/Ocular Characteristics

Study Eyes
(n=191)
Baseline Age (years) 60.9 £ 10.3
Sex (male/female) 123/68
Diagnosis (POAG (HTG)/NTG) 23/168
Disease stage® (early/moderate/severe) | 108/54/29
Untreated IOP (mmHg) 16.5 + 3.95
MD (dB) —6.41 +5.18
RNFLD angle (degrees) 46.5 + 258
No. of eyes with RNFLD 167 (87.4%)
Vertical cup-disc ratio 0.79 £ 0.10
Follow-up period | Mean IOP change (%) -19.7 £ 133
Mean IOP value (mmHg) 12.8 + 1.98
No. of eyes with DH 62 (32.5%)
Frequency of DH (times/year) 0.13 £ 0.26

Notes: Values are shown as mean % standard deviation or frequency. *Defined
using Anderson criterion: early (-6 dB < MD), moderate (—12 dB < MD < —6 dB),
or severe (—12 dB > MD).

Abbreviations: POAG (HTG), primary open-angle glaucoma (high tension glau-
coma); NTG, normal tension glaucoma; IOP, intraocular pressure; MD, mean devia-
tion; RNFLD, retinal nerve fiber layer defect; DH, disc hemorrhage.

(88.0%). The MD value at the start of observations was —6.41
+ 5.18 dB. RNFLD was observed in 167 patients (87.4%),
with an angle 0f 46.5 + 25.8 degrees and vertical C/D of 0.79
+ 0.10. The mean percent change in IOP over 6 years was
—19.7 £ 13.3%. DH was observed in 62 patients (32.5%).

Model Development

A predictive model was developed for estimating lifetime
change in the MD value in 10,000 virtual patients. The
structure of the predictive model is shown in Figure 2.

Simulation Conditions

The number of virtual patients analyzed was 9497, after
extraction from the distributions of RNFLD angle and ver-
tical C/D values by random sampling. Five hundred and three
virtual patients who were clinically improbable (RNFLD
angle: <0 degrees (n = 361), or vertical C/D: >1.0 (n =
147), or both (n = 5)) were excluded from the analysis.

Analysis of Results

With respect to the above 9497 virtual patients, we calcu-
lated the rate (%) of high-risk patients in each simulation
pattern (total number: 144 patterns), as shown in Figure 3.
High-risk patients were defined as those with severe visual
field defects (<-20 dB) at age 84. The influence of each
variable on the rate of high-risk patients is described in the
following section.

Influence of the MD Value at the Initiation

of the Simulation

Where the percent change in IOP was 0% in the absence
of DH at age 50, the proportions of high-risk patients with
MD values of —2.5, —7.5, and —12.5 dB were 25.2%,
72.8%, and 97.1%, respectively (Figure 3B). Similar
results were observed in other cases; the proportion of
high-risk patients increased with a decrease in the MD

value at the initiation of the simulation.

Influence of the Presence or Absence of
DH

Where the percent change in IOP was 0% at age 50, with an
MD value of —7.5 dB at the initiation of the simulation, the
proportion of high-risk patients was 98.7% if DH was pre-
sent, while in its absence the corresponding figure was 72.8%
(Figure 3B and E). Similar results were observed for the
other cases; the proportion of high-risk patients was greater

in the presence of DH than that where it was absent.

Influence of the Percent Change in IOP
Where the MD value was —7.5 dB in the absence of DH at age
50, the proportions of high-risk patients for a percent change in
IOP of 0%, —10%, —20%, and —30% were 72.8%, 53.6%,
33.9%, and 17.2%, respectively (Figure 3B). Similar results
were observed in other cases; the proportion of high-risk
patients decreased with a reduction in IOP.

Influence of the Severity of Glaucomatous
Structural Abnormalities

We analyzed 20 structural abnormalities-based groups,
which were classified according to the RNFLD angle (4
grades) and vertical C/D (5 grades) at the initiation of the
simulation. A representative case in the presence or
absence of DH at ages 50 is presented in Figures 4 and
5. The influence of the severity of glaucomatous structural
abnormalities, such as the RNFLD angle and vertical C/D,
on the rate of high-risk patients can be evaluated by
comparing the proportion in each simulation pattern. For
example, in the patients without DH at age 50 when
the percent change in IOP was 0%, with an MD value of
—7.5 dB and RNFLD angle of 30 to 60 degrees, the
proportions of high-risk patients at a vertical C/D of >0.7
to 0.8, >0.8 t0 0.9, and >0.9 to 1.0 were 80.7%, 100%, and
100%, respectively (Figures 4B and 5A).
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. 1) Sampling of the RNFLD angle and vertical C/D
>{ 1) Sampling of the RNFLD - Normal distributions of the RNFLD angle and vertical C/D were
angle and vertical C/D defined, and random sampling of 10,000 patients was conducted.

!

2) Selection of assumed
patient population

3) Evaluation of the MD slope
3) Evaluation of the MD slope - The MD slope was calculated using a predictive formula for the virtual
patients established by 1) and 2).
4) Estimation of lifetime 4) Estimation of lifetime changes in the MD value
. - The RNFLD angle and vertical C/D were corrected using the rate of
changes in MD value change every 6 years, and the MD slope was recalculated.

- Changes in the MD value were estimated until the ages of patients
reach the average Japanese life expectancy (84 years).

2) Selection of assumed patient population
- Assumed patients were established based on the MD value, age,
presence or absence of DH, and percent change in IOP.

A4

10,000 results
per population

Figure 2 Structure of the simulation model. Lifetime changes in the MD value were calculated using these four steps. This process was repeated 10,000 times for each
simulation pattern.
Abbreviations: RNFLD, retinal nerve fiber layer defect; C/D, cup—disc ratio; MD, mean deviation; IOP, intraocular pressure; DH, disc hemorrhage.

A age 40, DH- B age 50, DH- C age 60, DH-
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Figure 3 The proportion of high-risk patients. The proportions (%) of high-risk patients in 144 simulation patterns are shown. Each bar indicates the proportion of high-risk
patients in 9497 virtual patients. (A) age 40, without DH, (B) age 50, without DH, (C) age 60, without DH, (D) age 40, with DH, (E) age 50, with DH, (F) age 60, with DH.
Abbreviations: DH, disc hemorrhage; IOP, intraocular pressure; MD, mean deviation.
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A -2.5dB B -7.5dB

100%

0%

vertical C/D

vertical C/D

RNFLD angle

C-12.5dB

100%

0%

RNFLD angle vertical C/D

RNFLD angle

Figure 4 The proportion of high-risk patients in representative case at age 50. The proportion (%) of high-risk patients without DH at age 50 where the percent change in
IOP is 0%: (A) MD value is —2.5 dB, (B) MD value is =7.5 dB, (C) MD value is —12.5 dB.
Abbreviations: DH, disc hemorrhage; MD, mean deviation; RNFLD, retinal nerve fiber layer defect; C/D, cup—disc ratio.

Discussion

In the present study, we evaluated the feasibility of
developing a model to estimate the rate of transition to
severe visual field defects by simulating changes in the
MD value over the patient’s lifetime based on the dis-
ease stage, age, presence or absence of DH, percent
change in IOP, and severity of glaucomatous structural
abnormalities (RNFLD angle and vertical C/D) using
the Monte Carlo method.

Various guidelines recommend that therapeutic strate-
gies should be selected in consideration of the disease
stage and life expectancy.®®® However, actual selection
methods have not yet been indicated. In the present study,
we simulated lifetime changes in the MD value in con-
sideration of these factors. In clinical practice, there is
a specific need to identify early- to moderate-stage patients
with a long life expectancy. Severe visual field loss was
used as the study outcome. Through the use of a clear,
binary outcome, results of this study could be used to
educate patients. Although there is no clear cut-off value
that defines a “severe visual field defect” while concentrat-
ing the patient’s quality of life (QoL), previous research
indicates that a decrease in the MD value by —20 dB
causes decreased QoL in glaucoma patients.'> Therefore,
we focused on the proportion of high-risk patients (MD
<-20 dB) among those with early-to-moderate stage dis-
ease (0 to —12.5 dB) and a long life expectancy (aged 40,
50 or 60 years). The results show that the proportion of
high-risk patients increases with a decrease in the MD
value at the initiation of the simulation, and that it was
higher at a younger age (Figure 3). These findings suggest
the importance of considering future visual field over the
lifespan of the patient in treating glaucoma in order to
maintain visual fields for life.

In the present study, we examined the influence of DH on
the proportion of high-risk patients. Various studies have
investigated risk factors for the progression of visual field
loss in glaucoma, and many reports suggest the involvement
of DH.'™' A study using data from long-term (15-year)
observations involving POAG patients indicated that the
cumulative probability of DH reached a plateau.'® This find-
ing suggests that POAG patients comprise those with and
without DH. Therefore, we defined patients with and without
DH in this model. The results showed that the proportion of
high-risk patients was higher in patients with DH than in
those without DH (Figure 3). In our previous retrospective
long-term study, DH was observed in 32.5% of patients
during the six-year observation period, and we previously
reported that the average prevalence of DH was 44.1% over
an 8.2-year observation period in Japanese patients with
NTG."® Suh et al also reported that the prevalence of DH
was 33.3% and 17.6% averaged over a five-year observation
in Korean patients with NTG and POAG,
respectively.'® Based on these findings, patients with DH

period

are not rare in clinical practice. Therefore, in order to accu-
rately evaluate the prognosis of individual patients, it is
important to carefully examine funduscopic findings in
each patient at every visit.

The only evidence-based treatment for glaucoma is IOP-
lowering therapy. A previous large-scale clinical study indi-
cated that a 20% to 30% reduction in IOP was effective for
preventing the progression of visual field defects,”® and
various guidelines recommend that IOP is adequately tar-
geted based on these findings. The concept of our predictive
model is to determine IOP targets for individuals based on
demographic (age) and ocular characteristics (MD value,
presence or absence of disc hemorrhage, severity of glauco-
matous structural abnormalities); we believe that this
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Figure 5 The proportion of high-risk patients in representative case (age 50). The proportion (%) of high-risk patients at age 50 is shown, (A) without DH, (B) with DH.

The risk can be estimated by combining the MD value, percent change in IOP, and the severity of glaucomatous structural abnormalities (RNFLD angle and vertical C/D).

Abbreviations: DH, disc hemorrhage; RNFLD, retinal nerve fiber layer defect; C/D, cup—disc ratio; IOP, intraocular pressure; MD, mean deviation.
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information will be valuable in daily practice. Therefore, we
examined the proportion of high-risk patients by setting
the percent change in IOP to 0, —10, =20, and —30%. This
resulted in a decrease in the rate proportion of high-risk
patients as IOP decreased (Figure 3), indicating that a lower
target IOP is needed for patients with risk factors.

In this model, lifetime changes in the MD value were
simulated using the RNFLD angle and vertical C/D, which
reflect glaucomatous structural abnormalities, as continu-
ous variables. In order to investigate the influence of the
severity of structural abnormalities on the proportion of
high-risk patients, 20 groups were defined (RNFLD angle:
4 grades, vertical C/D: 5 grades). The results indicate that
the proportion of high-risk patients drastically increased
with the severity of glaucomatous structural abnormalities;
therefore, it is suggested that accurate examination of
structural abnormalities is important for prognosis evalua-
tion (Figure 5—7). Furthermore, the proportion of high-risk
patients depends on the combination of the RNFLD angle
and vertical C/D; hence, both parameters need to be eval-
uated. It should be noted that improbable combinations of
RNFLD angle and vertical C/D could potentially be
included in these results because a normal distribution
was used in the Monte Carlo simulation. However,
patients with a small RNFLD angle (<30 degrees), with
a large vertical C/D (0.9<) and a large RNFLD angle (90<)
with small vertical C/D (<0.6) were observed in actual
patient data. Therefore, this classification is considered to
be reasonable. In clinical practice, examining RNFLD is
difficult in some patients. In such cases, methods using
red-free fundus photographs or black and white fundus
photographs obtained by extracting just the blue compo-
nent are useful. Use of RNFLD examinations may con-
tribute to the precise assessment of the prognosis of
individual patients. Figures 5 and 7 suggest that even
some patients with mild visual field defects show transi-
tion to severe visual field defects during their lifetime,
depending on the severity of glaucomatous structural
Therefore, the
abnormalities needs to be accurately examined and ther-

abnormalities. severity of structural
apeutic strategies should be selected in consideration of
these risk factors. Despite the presence of glaucomatous
structural abnormalities, visual field defects are not
detected with standard automated perimetry in some
patients. These patients are regarded as having preperi-
metric glaucoma (PPG) and the necessity for treatment is
decided by individual physicians.® This type of model has
the potential to help physicians to assess the necessity for

treatment of patients with PPG (eg, those with an RNFLD
angle of 0 to 30 degrees and a vertical C/D of >0.8 to 0.9),
because glaucoma progression is considered to be
a continuum from an asymptomatic preperimetric stage
to a functionally impaired perimetric stage.>!

In the present study, we obtained results of 9497 x 144
comprehensive predictions by evaluating various disease
stages, ages, the presence or absence of DH, and
the percent change in IOP. Some results are shown in
Figure 5-7. The proportion of high-risk patients can be
estimated based on the MD value, age, presence or absence
of DH, percent change in IOP, the RNFLD angle, and vertical
C/D in individual patients. Furthermore, a reference value for
an adequate target IOP for individual patients could be esti-
mated by comparing results among the percent change in
I0OP: 0, —10, —20, and —30%. Thus, this type of model could
be useful to quantitatively estimate the rate of transition to
severe visual field defects in individual patients and also in
reviewing the target IOP. It should be noted that a low rate of
transition to severe visual field defects in this model does not
mean that visual field defects do not progress. Therefore, it is
important to select therapeutic strategies while evaluating the
rate of visual field progression using the MD slope in clinical
practice. Furthermore, since the patient’s quality of vision

does not depend on the MD value alone,”***

the pattern of
a visual field defect also needs to be considered.

Glaucoma is a chronic disease, and patient adherence to
lifelong medication is essential for adequate treatment of
glaucoma. However, the presence of dropout cases or
patients with poor adherence is recognized as one of the
major issues in glaucoma treatment.***> Previous studies
showed that understanding of the disease and the necessity
for treatment were insufficient in these patients.®*’
A patient’s understanding of the necessity for treatment will
be improved by presenting the simulation results, and con-
sequently, this model could contribute to the continuation of
treatment, adherence, and acquisition of therapeutic effects.

Although the aim of this study is to investigate the
feasibility of establishing a model, it is difficult to apply
it directly to clinical use because it has some limitations.
First, the predictive formula used in this model was estab-
lished based on data obtained in a six-year retrospective,
observational study; hence, the accuracy of predictions
over a few decades has not yet been confirmed.
A predictive model for clinical use should be examined
by conducting studies using data from long-term observa-
tions. Second, the predictive formula itself has some lim-
itations. The formula

performs moderately well
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Figure 6 The proportion of high-risk patients in representative case (age 60). The proportion (%) of high-risk patients at age 60 is shown, (A) without DH, (B) with DH.
prop gh-risk p: p g prop gh-risk p g

The risk can be estimated by combining the MD value, percent change in IOP, and the severity of glaucomatous structural abnormalities (RNFLD angle and vertical C/D).

Abbreviations: DH, disc hemorrhage; RNFLD, retinal nerve fiber layer defect; C/D, cup—disc ratio; IOP, intraocular pressure; MD, mean deviation.
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Figure 7 The proportion of high-risk patients in representative case (age 40). The proportion (%) of high-risk patients at age 40 is shown, (A) without DH, (B) with DH.
The risk can be estimated by combining the MD value, percent change in IOP, and the severity of glaucomatous structural abnormalities (RNFLD angle and vertical C/D).
Abbreviations: DH, disc hemorrhage; RNFLD, retinal nerve fiber layer defect; C/D, cup—disc ratio; IOP, intraocular pressure; MD, mean deviation.

(coefficient of determination = 0.195, area under the curve
= (0.75). The formula was established based on data from
a single institution, and its external validity in other popu-
lations has not been investigated. In addition, NTG
accounted for 88% of the patient population used to

establish the formula. Therefore, it currently remains
unclear whether the results of predictions using this
model apply to all glaucoma patients. Untreated patients
and patients with a history of glaucoma surgery were
excluded from the development sample; hence, a rate of
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IOP change of 0% in this study does not mean the absence
of treatment, and the effects of a surgery-related IOP
reduction currently remain unclear. In this study, the pre-
valence of DH was carefully observed using a stereo fun-
dus camera at each visit.'> However, it is possible that not
all DHs were detected because the interval of the exam-
ination was generally every 3 months, and DHs could
appear and disappear between examinations.”’*® We
have already established a database in our previous
study, however the sample size is just 500 patients, and
the follow-up period, 6 years. Using our database, it is
difficult to predict the lifetime transition risk of severe
visual field defects in individual patients. In addition,
there is no publicly available, large-scale, long-term, real-
world database in Japan. Furthermore, the variables used
in the previous study were limited because the dataset was
obtained from daily practice.'? In the future, prospective
studies with a range of variables such as those obtained
from advanced imaging technique (OCTA, etc.) will be
needed to establish better predictive accuracy.

In the present study, we confirmed the feasibility of
developing a model to estimate the rate of transition to severe
visual field defects based on the disease stage, age, presence
or absence of DH, percent change in IOP, and severity of
glaucomatous structural abnormalities in POAG patients. In
the near future, more accurate predictive formulae will be
established with cutting-edge technology such as big data
analysis and machine learning. Therefore, combining regres-
sion analysis with Monte Carlo simulation would be a useful
method for establishing a predictive model that allows us to
set an adequate target IOP for individual glaucoma patients,
thereby contributing to the promotion of personalized

medicine.

Conclusion

Combining regression analysis with Monte Carlo simula-
tion is potentially a useful method for developing
a predictive model for prognosis in glaucoma patients.
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