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Purpose: Accurate assessment of visual field (VF) trend may help clinicians devise the
optimumtreatment regimen. This studywas conducted to investigate thebehavior of VF
sequences using pointwise and region-wise linear, exponential, and sigmoid regression
models.

Materials and Methods: In a retrospective cohort study, 277 eyes of 139 patients with
glaucomawhohadbeen followed for at least 7 yearswere investigated. Linear, exponen-
tial, and sigmoid regression models were fitted for each VF test location and Glaucoma
Hemifield Test (GHT) region to model the trend of VF loss. The model with the lowest
root mean square error (RMSE) was selected as the best fit.

Results: The mean age (standard deviation [SD]) of the patients was 59.9 years (9.8)
with a mean follow-up time of 9.3 (0.7) years. The exponential regression had the best
fit based on pointwise and region-wise approaches in 39.3% and 38.1% of eyes, respec-
tively. The results showed a better performance based on sigmoid regression in patients
with initial VF sensitivity threshold greater than 22 dB (71.6% in pointwise and 62.2%
in region-wise approaches). The overall RMSE of the region-wise regression model was
lower than the overall RMSE of the pointwise model.

Conclusions: In the current study, nonlinear regression models showed a better fit
compared to the linear regression models in tracking VF loss behavior. Moreover,
findings suggest region-wise analysis may provide a more appropriate approach for
assessing VF deterioration.

Translational Relevance: Findings may confirm a nonlinear progression of VF deterio-
ration in patients with glaucoma.

Introduction

Glaucoma, the second leading cause of blindness
worldwide,1 is a progressive disorder characterized by
changes in the optic nerve head accompanied by visual
field (VF) loss. It typically affects subjects who are 40
to 80 years old and nearly 3.5% of this population. It is
estimated that approximately 111.8 million people will
develop glaucoma by 2040.1–3

VF tests are used routinely in clinical practice
to assess glaucoma. Standard automated perimetry

(SAP) measures the sensitivity of VF in patients
with glaucoma to localize functional changes in the
damaged areas.4,5 Assessing a longitudinal series of
VF enables clinicians to detect early progression of the
disease to direct treatment resources optimally toward
worsening cases.6,7 VF global measures, such as mean
deviation (MD), fail to ascertain local changes.8 As
such, some researchers have suggested using point-
wise or region-wise models to better capture the local
characteristics of VF loss.9,10

Numerous studies have been conducted to model
longitudinal VF sensitivity for each VF test location
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great caution for clinicians in the case of facing normal
sensitivities that may progress later in a sigmoid shape.
Although, biologic underpinnings of glaucoma disease
may not be represented by models accurately, it may
provide valuable insights for clinicians regarding VF
changes through a simplified form of progression. This
would be attained by identifying the model that fits
the data more truly. Our study showed the superior-
ity of the exponential regression over the other two
models and in conditions with more aggressive form
of decay, sigmoid regression had a better performance.
Although the pointwise approach enabled us to evalu-
ate local changes, such models suffer from a high
degree of variability.35 Hereon, region-wise analysis
may partially address the VF variability.

A major limitation of our study is the unknown
number of incisional surgeries, such as trabeculectomy,
the implantation of a large drainage tube, or laser
trabeculoplasty. Although we believe only a handful of
patients went through surgical intervention, the models
may be influenced by these interventions. Thus, the
results should be interpreted with caution as these
interventions may change the trend of VF loss into a
nonlinear pattern during the follow-up time.

Conclusion

We compared pointwise and region-wise VF
worsening over time based on linear, exponential, and
sigmoid regression models and observed that sigmoid
provided overall lower RMSE in both pointwise and
region-wise analyses. However, the exponential model
provided the largest number of best fits (least RMSE)
in both pointwise and region-wise analyses. Our analy-
ses also suggested the sigmoid regression consistently
provided the best fit in subjects with (pointwise and
region-wise) VF sensitivity values corresponding to
the first visits in the normal range but (pointwise and
region-wise) VF sensitivity values corresponding to the
last visits in the total loss range. This fact may suggest
that rate of VF worsening is not constant and may
change across the course of the disease.
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