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Background: Given that the rates of glaucoma-induced visual incapacitation are 
steadily increasing, predicting glaucomatous optic neuropathy is important.
Purpose: To determine the diagnostic importance of the method proposed for the 
predicting the development and course of glaucomatous optic neuropathy in primary 
open-angle glaucoma (POAG) based on SweptSource-OCT-derived morphometric 
characteristics of the lamina cribrosa and daily intraocular pressure (IOP) in the 
clinical practice.
Materials and Methods: Thirty patients were under observation. At baseline, the risk 
for the development of glaucomatous optic neuropathy in glaucoma suspects or the 
risk for disease progression in patients with already diagnosed POAG was assessed 
using our method. The latter is based on the determination of pressure exerted on 
the ganglion axons at the level of lamina cribrosa, given the specified IOP value and 
individual morphometric characteristics of the lamina cribrosa. Patients were divided 
into three groups depending on their risk levels. A DRI OCT Triton plus swept source 
OCT system (Topcon, Tokyo, Japan) was used to assess morphometric characteristics 
of the retina (ganglion cell complex thickness) and optic disc (lamina cribrosa 
thickness and diameter). The further course of the glaucomatous progression was 
studied using macular GCL++ characteristics. 
Results: At month 18, GCC thickness loss was statistically significantly larger in 
the moderate-risk group than in the low-risk group (p=0.001). In addition, it was 
statistically significantly larger in the high-risk group than in the low-risk group 
(p=0.00001) and in the moderate-risk group (p=0.00013). In the low-risk group, 
mean GCC thickness was 92.90±3.28 µm at baseline and 91.95±3.24 µm at month 18; 
however, the GCC thickness loss was not statistically significant (p=0.838).
Conclusion: First, our method for predicting the development and progression of 
glaucomatous optic neuropathy in POAG based on SS-OCT-derived morphometric 
characteristics of the lamina cribrosa and daily IOP level enables determining the 
risk level of glaucomatous progression, which has been evidenced by the results of a 
prolonged observation. Second, significant macular GCC thinning was noted in 50% 
of cases of the high-risk group, even with a normal IOP level. Finally, introduction of 
the proposed method into clinical practice would enable planning effective glaucoma 
management aimed at prevention of optic nerve atrophy.
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Introduction
As primary open-angle glaucoma (POAG) is a 

multifactorial disease, there are various areas of research 
related to predicting the course of the disease. A method 
for calculating both the index of volumetric blood flow and 
the ratio of blood flow velocities of superior ophthalmic 
vein and internal carotid artery has been proposed on the 
basis of the vascular theory of POAG [1]. Given the role of 
free radical oxidation in the development of POAG, levels 
of peroxidation products in the anterior chamber aqueous 
humor, a potential factor for destruction of anterior eye 
tissue, have been investigated, allowing for identification 
of susceptibility to glaucomatous optic neuropathy [2, 3]. 
Studies on genetic susceptibility to POAG represent a 
major area of research related to predicting the course of 
the disease [4, 5].

Intraocular pressure (IOP) is the best studied factor of 
the development of POAG. The concept of “target IOP” 
is used to determine the IOP reduction. According to the 
European Glaucoma Society Terminology and Guidelines 
for Glaucoma, in general, when there is more advanced 
damage, lower IOPs are needed to prevent further 
progression [6], which is pathogenetically substantiated.

As the development of glaucomatous optic neuropathy 
is the main cause of decreased visual function POAG, 
currently, POAG is defined as a chronic neurodegenerative 
disease developing due to degeneration of retinal 
ganglion cells and their axons, and leading to thinning of 
peripapillary retinal nerve fiber layer, increased optic disc 
excavation, and visual function loss [7]. Optical coherence 
tomography (OCT) is the gold standard for diagnosing 
POAG and determining the severity of glaucomatous 
optic neuropathy; particularly, morphometric analysis 
of the macula and optic disc includes determination 
of retinal nerve fiber layer (RNFL) thickness, retinal 
ganglion layer thickness, neuroretinal rim volume, 
excavation area, excavation volume, cup/disc ratio and 
disc damage likelihood scale (DDLS). It is known that 
structural changes can be revealed based on OCT long 
before abnormal functional manifestations occur [8]. 
Although current diagnostic potential for early detection 
of glaucomatous optic neuropathy is rather high, the rates 
of visual incapacitation due to POAG-related irreversible 
loss of sight are steadily increasing [9].

Frequency doubling technology (FDT) perimetry with 
the Humphrey Matrix (Carl Zeiss Meditec, Inc., Dublin, 
CA) has been widely used for predicting the course of 
POAG. Visual field changes can be predicted using FDT 
after static perimetry (SAP).

Although the capacity for prediction of visual field 
loss among glaucoma suspect patients is an advantage 
of FDT perimetry, the results of this method may be 
influenced by a number of external factors like patient’s 
delayed response, general and neurological condition, and 
presence of concomitant eye disease. However, given that 
functional changes in glaucoma are preceded by structural 
changes in the retina and optic nerve, we believe that the 

methods based on the analysis of preclinical structural 
changes in the retina and optic nerve are more relevant to 
the prediction of the development of POAG.

Therefore, the issue of predicting the onset and 
progression of glaucomatous optic neuropathy is important.

The purpose of this study was to determine the 
diagnostic importance of the method proposed for the 
predicting the development and course of glaucomatous 
optic neuropathy in POAG based on SweptSource-OCT 
morphometry study of the lamina cribrosa and daily IOP 
measurement in the clinical practice.

Materials and Methods
Thirty patients (14 women (46.7%) and 16 men 

(53.3%); age, 56 to 78 years; mean age, 65.6±1.06 years) 
were under observation. All these underwent a routine 
eye examination. A DRI OCT Triton plus swept source 
OCT system (Topcon, Tokyo, Japan) was used to perform 
morphometry of the retina and optic disc. Radial 9 x 9 mode 
was used in the optic disc study for better visualization of 
the lamina cribrosa (LC). Lamina cribrosa diameter and 
thickness were measured. 3D Macula mode was used to 
perform macular study.

In the current study, we used the method that we 
proposed and mathematically substantiated in [10, 11] to 
assess either the risk for the development of glaucomatous 
optic neuropathy in glaucoma suspects or the risk for 
disease progression in patients with already diagnosed 
POAG. Under conditions of increased IOP, optic nerve 
fibers become compressed at the level of lamina cribrosa 
due to longitudinal and transverse displacement of its 
layers. The method is based on determining the pressure 
(P) exerted on the ganglion axons at the level of lamina 
cribrosa, given the specified IOP value and individual 
morphometric parameters of the lamina cribrosa. The 
following formula for determination of pressure exerted 
on the ganglion axons at the level of LC was derived after 
physical and mathematical LC modeling and a series of 
calculations:

 where
P, pressure exerted on the ganglion axons; 
ur, longitudinal displacement of LC layers at distance ri 

from the center of LC;
d, aggregate thickness of the axonal fibers crossing the 

LC;
Ẽ, normalized Young’s modulus;
rw*, modeling parameter;
α (h), function mapping the LC thickness seen on OCT 

images to the actual LC thickness;
h, LC thickness seen on OCT images

The risk for the development or progression of 
glaucomatous optic neuropathy could be assigned three 
levels depending on the P value with respect to retinal 
yield (p0), a physical constant equal to 9 kPa. We designed 
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computer software for automatically determining the risk 
level (Fig. 1). The risk is absent if Р˂р0, and moderate if 
р0˂Р˂3×р0. The risk for the development or progression 
of glaucomatous optic neuropathy is high if Р˃3×р0 and 
irreversible loss of nerve filaments occurs.

Our patients were divided into three groups depending 
on their risk levels. Group 1 included 10 patients (20 eyes) 
with low risk, Group 2 included 10 patients (20 eyes) 
with moderate risk, and Group 3 included 10 patients (20 
eyes) with high risk for the development or progression of 
glaucomatous optic neuropathy. Interestingly, each group 
included patients with grade 1, 2 and 3 POAG as well as 
glaucoma suspects. In each patient both eyes had equal 
risk levels.

Exclusion criteria were terminal glaucoma and 
concomitant eye disease.

At baseline, the risk for the development or progression 
of glaucomatous optic neuropathy was determined for 
each patient. 

Ganglion cell complex (GCC) includes the inner 
plexiform layer (IPL), retinal nerve fiber layer (RNFL), 
and retinal ganglion cell layer (RGCL); given a high 
informative value of OCT-based GCC data in the diagnosis 
of glaucoma [12, 13], the further course of the progression 
of glaucomatous optic neuropathy was studied using 
macular GCL++ characteristics.

The total observation period was 18 months. All groups 
were comparable with regard to tonometric characteristics.

It is noteworthy that IOP was normal in all cases, with 
the mean values of 18.75±0.54 mmHg, 19.4±0.34 mmHg 
and 19.65±0.41 mm Hg for the low-risk, moderate-risk and 
high-risk groups, respectively. Tonometric characteristics 
were assessed as average daily corneal thickness-adjusted 
IOP measured by the Maklakov tonometer [14].

The results were assessed by calculating means of 
variational series (M) with standard error of the mean 
(m). In addition, Student’s test was used to determine 
significance. The level of significance p ≤ 0.05 was 
assumed.

Results and Discussion
In the low-risk group, mean GCC thickness was 

92.90±3.28 µm at baseline and 91.95±3.24 µm at month 
18; however, the GCC thickness loss was not statistically 
significant (p=0.838). The same tendency was observed 
for the moderate-risk and high-risk groups. That is, the 
intra-group difference was not statistically significant for 
all the three groups. However, it is noteworthy that there 
were significant statistical differences between the groups 
with regard to GCC thickness loss (Table 1). Thus, GCC 
thickness loss was statistically significantly larger in the 
moderate-risk group than in the low-risk group (p=0.001). 
In addition, it was statistically significantly larger in the 
high-risk group than in the low-risk group (p=0.00001) 
and in the moderate-risk group (p=0.00013). Noticeable 
GCC loss was found in 20% of cases of the moderate-risk 
group. Significant thinning of GCC layers was noted in 
50% of cases of the high-risk group.

Our glaucoma prediction model has been based on 
the mathematically proved relationship between the 
individual morphological parameters of LC and IOP level. 
The lamina cribrosa was given an important role in the 
development of glaucomatous optic neuropathy as early 
as nineteen seventies and eighties [15]. Deformation of 
the lamina cribrosa is known to result in displacement 
and compression of and damage to the axons of the retinal 
ganglion cells and vessels that penetrate it. This leads 
to pathological processes (like ischemia, free radical 
production, apoptosis, and metalloprotease activation) 
exerting a cytotoxic effect on retinal and optic nerve 
cells. With the advent of advanced technologies enabling 
visualization and accurate assessment of the condition of 
LP, studies in this area have become increasingly popular. 
Thus, it has been reported that progression of glaucoma 
is accompanied by lamina cribrosa thinning [16, 17, 18], 
which can be followed up with OCT (Fig. 2).

It is thinning and IOP-induced deformation of the LP 
that are a key stage in the development of glaucomatous 
optic neuropathy. Our method for predicting the 
development and progression of POAG has been based on 
this morphofunctional relationship. Therefore, the amount 
of balance between morphometric characteristics of the LP 
and IOP influences LP structure and determines the risk of 
disease development. The pilot studies demonstrated that 
our method was highly efficient. Technically substandard 
LC visualization is, however, possible with OCT machines 
of previous generations, which is a limitation of the 
diagnosis method.

Conclusion
First, our method for predicting the development and 

progression of glaucomatous optic neuropathy in POAG 
based on SS-OCT-derived morphometric characteristics of 
the lamina cribrosa and daily IOP level enables determining 
the risk level of glaucomatous progression, which has been 
evidenced by the results of a prolonged observation. 

Second, significant macular GCC thinning was noted 
in 50% of cases of the high-risk group, even with a normal 
IOP level.

Finally, introduction of the proposed method into 
clinical practice would enable planning effective glaucoma 
management aimed at prevention of optic nerve atrophy.
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Table 1. Ganglion cell complex thickness in patients with various risks for progression of glaucomatous optic neuropathy 

Characteristic Study time point
Risk level groups

Low risk Moderate risk High risk

Ganglion cell complex thickness
(GCL++), µm

baseline 92.90±3.28 84.85±4.12 81.65±4.19

18 months 91.95±3.24 80.85±3.96 72.35±3.79

∆ (ganglion cell complex loss), 
µm 18 months 0.95±0.19 4.0±1.10*1 9.30±1.62*1,2

Note: *1, p<0.05 for the comparison against the low-risk group; *2, p<0.05 for the comparison against the moderate-
risk group

Fig.1. Interface of the computer software developed for estimating the risk for glaucomatous 
optic neuropathy in POAG
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Fig. 2. SS-OCT scans obtained by scanning in the Radial 9 x 9 mm mode; (A) SS-OCT scan 
for the optic disc with normal lamina cribrosa thickness; (B) SS-OCT scan for the optic disc 
with the thinned lamina cribrosa	


