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Comparison of structural and functional tests in primary open angle glaucoma
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Purpose: To comparatively analyze the structural and functional tests used in the diagnosis and follow‑up 
of glaucoma. Methods: Eighty eyes of 40 patients with primary open angle glaucoma (POAG) and 46 
eyes of 23 healthy individuals were included in the study. Transient pattern electroretinography (PERG), 
steady‑state PERG (ssPERG), computerized visual field (VF) screening, and examination of retinal nerve 
fiber layer (RNFL) and macular thickness on optical coherence tomography (OCT) were undertaken. The 
results were compared between the groups. Results: 80 eyes belonging to 40 patients with a diagnosis of 
POAG (23 female, 17 male) (18 mild 22 moderate POAG) with a mean of 57.37 (±8.6) years, and 46 eyes 
of 23 healthy individuals (14 female, 9 male) with a mean age of 55.30 (±8.09) years were included in the 
study. PERG P50 and N95 and ssPERG latency revealed a significant delay in the POAG group. When the 
wave amplitudes were examined, they were found to be significantly lower in both PERG and sSPERG tests 
for the POAG group, but the results were more pronounced in ssPERG. The latency values of PERG and 
ssPERG tests were not significantly correlated with any of the parameters of the remaining tests. However, 
the amplitude values of these tests had a positive correlation with the mean deviation value and negative 
correlation with the pattern standard deviation value of VF. All associated parameters were significant for 
the amplitude value of the ssPERG test. Conclusion: For the proper management of glaucoma, rather than 
approaching damage simply as the loss of retinal ganglion cells or the neuroretinal rim, it is necessary to 
focus on the ongoing anatomical and functional relationship and evaluate structural and functional tests 
together. In addition, ssPERG test, which is not widely adopted in routine practice, provides valuable 
information and is significantly correlated with OCT parameters.
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Glaucoma is defined as a progressive chronic optic neuropathy 
that causes atrophy of the optic nerve head, retinal ganglion 
cell (RGC) damage, and distinctive visual field losses. These 
changes are usually accompanied by elevated intraocular 
pressure (IOP). Although the major risk factor in glaucoma 
is increased IOP values, it has been suggested that glaucoma 
is a multifactorial disease since glaucomatous changes in the 
optic nerve head and progressive visual field defects are also 
detected in eyes with normal tension.[1,2]

Today, there is an ongoing search for non‑invasive, 
practical and objective diagnostic methods for the early 
diagnosis of glaucoma. One of these diagnostic methods are 
electrophysiological tests that provide the clinician with very 
important information via the measurement of electrical activity 
in the visual pathways from the retina plane to the cortex. There 
is extensive research on the use of electrophysiological tests 
in the diagnosis of glaucoma as well as pioneering studies 
involving case series. Nevertheless, electrophysiological tests 
have not yet achieved their well‑deserved place in routine 

practice. In addition to automated visual field (VF) screening, 
which is used as the gold standard for the determination of 
the presence of glaucoma, tests that allow for the structural 
examination of the optic nerve head and retinal nerve fiber 
layer are generally preferred.[3,4]

In this study, we aimed to compare the results obtained from 
functional tests transient pattern electroretinography (PERG) 
and steady‑state PERG (ssPERG), functional but subjective 
test VF, and optic coherence test (OCT), which structurally 
evaluates the optic nerve head and retina, in healthy individuals 
and primary open angle glaucoma (POAG) cases and to 
determine the sensitivity and selectivity of glaucoma of these 
tests by identifying the test parameters that significantly 
differed between the two groups.

Methods
The study was conducted with patients that were followed up 
with a diagnosis of POAG and fulfilled the inclusion criteria, 
and healthy individuals that satisfied the control group criteria 
between January 2008 and September 2009 in the Department 
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of Ophthalmology, Glaucoma Division of our University. 
Prior to the study, the approval of Local Ethics Committee was 
obtained, and the participants were informed about the study 
and provided their informed consent, which was conducted in 
accordance with the tenets of the Helsinki Declaration.

The inclusion criteria for the POAG group were as follows: 
being diagnosed with POAG, being aged 40 to 70 years, 
having a mild to moderate glaucomatous visual field defect 
according to the Hodapp‑Anderson‑Parrish (HAP) grading 
system, presence of typical glaucomatous optic disc changes 
consistent with a visual field defect, no history of eye surgery, 
no pupillary anomaly, and no refractive error based on the 
spherical equivalent of greater than ±3.0 diopters.

The control group comprised individuals aged 40 to 70 years, 
having no glaucomatous visual field defect according to HAP, 
healthy optic disc appearance, no systemic or ophthalmologic 
disease, no history of eye surgery, an IOP of 21 mm Hg or 
below, no pupillary anomaly, and no refractive error based 
on the spherical equivalent of greater than ±3.0 diopters. The 
participants who were not able to comply with the tests or 
had a high level of artifacts despite repeated tests, as well as 
those that wanted to withdraw from the study were excluded.

VF, OCT (RNFL and macular thickness measurements) and 
PERG and ssPERG tests were applied to both groups. The mean 
deviation (MD) and pattern standard deviation (PSD) values, 
the Glaucoma Hemifield Test (GHT) classification (normal, 
borderline, abnormal), PERG N35, P50 and N95 wave latencies 
and N35‑P50, P50‑N95 amplitudes, and ssPERG wave and 
amplitude were recorded. 5 values for the RNFL thickness 
examination performed with OCT (temporal, superior, nasal 
and inferior quadrants of the optic nerve head and their 
average) and nine values for macular thickness (central 1 mm 
area, the temporal, superior, nasal and inferior quadrants 
of the central 3 mm ring, the temporal, superior, nasal and 
inferior quadrants of the central 6 mm ring) were obtained. 
The average of the data obtained from all these tests were 
compared between the 2 groups. For the parameters that were 
found significant, the sensitivity, selectivity and areas under 
the receiver operating characteristic (ROC) curve for glaucoma 
were calculated. In addition, the correlations between PERG 
and ssPERG parameters and the parameters of other tests 
were explored.

For all participants, the order of procedures was as follows: 
PERG and ssPERG, visual field, and OCT. Due to the length 
of the procedures, PERG and ssPERG tests were performed in 
the morning, and VF and OCT in the afternoon.

Due to the possible differences in the electrophysiological 
test measurements performed at different times of the day, the 
study and control group test measurements were undertaken 
at similar hours. Furthermore, care was taken to ensure that 
the ages of the participants in the study and control groups 
were similar. Again, taking into account studies that advocate 
the effect of gender on electrophysiological measurements, we 
gender‑matched participants in both groups.

VF
In the evaluation of the visual field, we used the 24‑2 
threshold program (stimulus: White White, background: 31.5 
asb, strategy: SITA‑FAST) of the Humphrey 750i VF device 

(Carl Zeiss Ophthalmic System, Humphrey Division, Dublin, 
California USA). Near vision corrections of the participants were 
applied using perimeter software according to the age of the 
individuals. As the reliability criteria, 20% was used for fixation 
loss, false positive response, and false negative response. The 
MD and PSD values and GHT classification were evaluated. 
The results of VF were classified according to the HAP system.

PERG and ssPERG
PERG and ssPERG were performed in accordance with ISCEV 
2007 standards using Roland‑Consult RETIPORT (Germany). 
The responses were recorded with reference electrodes 
placed 2 cm from the outer canthus with conductive 
gel, earth electrodes in the middle of the forehead, and 
Dawson‑Trick‑Litzkow (DTL)‑type electrodes in the lower 
fornixes of both eyes. No topical anesthetic was used during this 
procedure. Stimulation was displayed as reversing black and 
white checkerboard patterns with a red central fixation point 
(lighting 255 cd/m², contrast 99%, pattern change 3 Hz for PERG 
and 8 Hz for ssPERG, pattern size 1˚) on a 20” CRT monitor 
(40 cm wide, 30 cm long) (Sony Multiscan G520TM, Japan).

The pupils did not expand during binocular scanning 
(3‑4 mm). The refraction error was corrected before the 
procedure. Raw images at 1‑100 Hz (artifact level 5%) were 
converted to evaluable data by passing them through the 
band‑pass filter. Imaging was performed at a distance of 1 m 
from the screen (viewing angle 5.7˚ vertical, 8.5˚ horizontal). 
The evaluation was based on N35, P50, and N95 wave latencies 
(ms) and N35‑P50 and P50‑N95 amplitudes (µV) for transient 
PERG and the latency (ms) and amplitude (µV) of the first 
positive wave for ssPERG.

OCT
The OCT test was performed using a Carl Zeiss Model 3000 
system (Carl Zeiss Meditec Inc. Dublin CA, USA). All patients 
were informed about the procedure to adapt to the test. 
During the test, a 0.5% tropicamide drop (0.5% Tropamid, 
5 ml drop, Bilim Pharmaceuticals) was applied to the eyes 
which were considered to have an insufficient pupil diameter. 
In all cases, RNFL (fast RNFL analysis) and macular thickness 
measurements were performed. The imaging quality was 
adjusted using the ‘optimized’ mode. A check was undertaken 
to determine whether the device correctly detected the limits 
of the RNFL and optic nerve head structures, and if not, the 
imaging procedure was repeated. Only images with a quality 
of 8 or above were included in further analysis. After scanning 
and selecting appropriate sections, the values were recorded 
in microns.

Statistical analysis
SPSS package program v. 15.0 (SPSS Inc., Chicago, IL, USA) was 
used for the data analysis. In the presentation of descriptive 
statistics, the mean and standard deviation (mean ± ss) values 
were used. An independent samples t‑test was employed for 
the comparisons between the two groups for all parameters 
except gender. The gender‑related comparison was undertaken 
by a Chi‑square test. The relationships between the parameters 
were investigated by the Pearson correlation. To determine 
the predictive power of the clinical measurements for 
glaucoma diagnosis, the ROC curve was generated based 
on the sensitivity and specificity of each test, and AUC was 
calculated and compared to identify the test parameter that 
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most accurately predicted the presence of glaucoma in the 
POAG group. The best cut off point for each clinical indicator 
and the sensitivity and selectivity values for this point were 
obtained. The probability level was chosen as 0.05, and P values 
equal to or lower than this level were interpreted to indicate 
statistically significant difference.

Results
80 eyes belonging to 40 patients with a diagnosis of POAG 
(23 female, 17 male) (18 mild 22 moderate POAG) with 
a mean of 57.37 (±8.6) years, and 46 eyes of 23 healthy 
individuals (14 female, 9 male) with a mean age of 
55.30 (±8.09) years were included in the study. There was 
no statistically significant difference between the POAG 
and control groups in terms of age, gender, refraction error, 
or IOP values. However, the MD and PSD of visual field 
significantly differed between the two groups [Table 1]. 
Also, there was no statistically significant difference between 
the mild and moderate POAG patients. 8 participants who 
were not able to comply with the tests or had a high level of 
artifacts despite repeated tests as well as those that wanted 
to withdraw from the study were excluded.

The mean and standard deviation values of the latency 
and amplitudes of PERG and ssPERG tests were compared 
between the POAG and control groups [Table 2]. There was 
no significant difference in PERG N35 latency between the two 
groups. In PERG P50, N95 and ssPERG latencies, a significant 
delay was determined for both tests in the POAG group. 
Furthermore, the wave amplitudes in the POAG group were 
found to be significantly lower for both tests, and even more 

prominent in ssPERG. Along with the sensitivity and selectivity 
of the parameters of both tests, ROC AUC was examined 
[Table 3 and Fig. 1]. In addition, the relationship of PERG and 
ssPERG with other tests used for the diagnosis and follow‑up 
of glaucoma, namely VF and OCT, were also evaluated.

Among all parameters examined, PERG N95 latency (for the 
cut‑off value of 102), PERG N35‑P50 (cut‑off value of 4.32), and 
ssPERG amplitude (cut‑off value 5.13) were found to have the 
most significant sensitivity and selectivity values for glaucoma 
diagnosis (p ≤ 0.001). The widest ROC AUC belonged to the 
ssPERG amplitude (0.810).

The correlation of PERG and ssPERG tests with the MD 
and PSD values of VF was examined [Table 4]. None of the 
latency values obtained from both tests were correlated 
with the VF parameters. However, the amplitudes of both 
PERG and ssPERG were correlated positively with MD and 
negatively with PSD. This correlation was stronger for the 
ssPERG amplitude, and the most prominent of all results was 
the correlation of the ssPERG amplitude with MD (r: 0.507, 
P < 0.001).

The correlation of PERG and ssPERG tests with the 
temporal, superior, nasal and inferior quadrants and the mean 
RNFL thickness measured by OCT was analyzed [Table 4]. 
There was no significant correlation between the latency 
values of both tests and OCT parameters. The PERG N35‑P50 
and P50‑N95 amplitudes were correlated with all OCT values 
except RNFL thickness in the temporal quadrant (P < 0.001). 
Compared to the PERG amplitudes, the ssPERG amplitude 
was more strongly correlated with the mean RNFL thickness 
and all quadrants except the temporal quadrant, for which 
the correlation was mild. The correlation between the ssPERG 
amplitude and OCT was also stronger than that of the PERG 
N35‑P50 and P50‑N95 amplitudes. The overall results showed 
that the ssPERG amplitude had a very strong correlation with 
the mean RNFL thickness (r = 0.75, P < 0.001). This suggested 
that ssPERG was more effective in functional demonstration 
of structural losses.

The correlation of PERG and ssPERG tests with the macular 
thickness measured from the temporal, superior, nasal and 
inferior quadrants in the central 1 mm, 3 mm and 6 mm of 
the OCT macular map was examined [Table 5]. There was a 
poor correlation between the latency values of both tests and 

Table 1: Demographic characteristics of the two groups 

POAG (mean±sd) 
(n=40)

Control 
(mean±sd) (n=23)

P

Age (year) 57.37±8.6 55.30±8.09 0.351*

Sex (F/M) 23/17 14/9 0.857**

MD (dB) ‑2.66±4.09 ‑0.27±1.01 <0.001*

PSD (dB) 2.72±2.67 1.39±0.31 <0.001*
IOP (mm Hg) 15.98±2.85 15.23±2.32 0.095*

*Independent samples t‑test, **Chi‑square test. POAG: Primary Open Angle 
Glaucoma, sd: Standard deviation, MD: Mean Deviation, PSD: Pattern 
Standard Deviation, IOP: Intraocular pressure, dB: Decibel

Table 2: The amplitude and latency parameters of PERG 
and ssPERG for the POAG and control groups

POAG 
(mean±sd) 

(n=40)

Control 
(mean±sd) 

(n=23)

P

PERG N35 (ms) 28.08±5.11 26.84±3.04 0.137

PERG P50 (ms) 54.06±6.01 51.93±3.17 0.028

PERG N95 (ms) 107.51±10.03 101.82±8.44 0.002

PERG N35‑P50 (µV) 3.75±1.43 4.48±0.59 0.001

PERG P50‑N95 (µV) 5.62±1.89 6.35±1.24 0.022

ssPERG Latency (ms) 55.65±6.06 52.52±4.27 0.003
ssPERG Amplitude (µV) 3.95±1.50 5.54±0.91 <0.001

POAG: Primary Open Angle Glaucoma, sd: Standard deviation, ms: Millisecond, 
µV: Microvolt Figure 1: Sensitivity and Specifity of PERG
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all values obtained from the OCT macular thickness map 
(r < 0.250). No significant relationship was observed between 
the amplitude values of the two tests and the central 1 mm 
area. However, a significant relationship was found with the 
remaining thicknesses, and this was more pronounced in 
the 6 mm area. The two tests also had a fair correlation with 
the 3 mm ring, and the inferior, superior and particularly 
nasal quadrants of the central and 6‑mm ring. The ssPERG 
amplitude had the highest correlation among all PERG and 
ssPERG parameters. These positive correlations suggest that 
both PERG and ssPERG can better identify structural changes 
in the retina as the distance from the central of the macula is 
increased.

Discussion
Glaucoma, a chronic optic neuropathy presenting with 
progressive atrophy and RGC damage at the optic nerve 
head, is the second most common cause of blindness.[5] For the 
diagnosis of glaucoma, it is necessary to assess visual field and 
neuroretinal rim losses in the optic disc, and the relationship 
between visual function and ganglion cell loss should also be 
well known to determine the stage and prognosis of the disease.

In glaucoma and ocular hypertension (OHT) studies 
conducted with transient PERG, amplitude reduction has 
always been more at the forefront compared to latency 
delay.[6,7] Although researchers agree that amplitude is reduced 
in glaucoma cases, there is no such consensus about the 
changes in latency. Berninger and Arden suggested that the 
PERG latencies are stable and rarely affected by diseases.[8] 
In contrast, there are reports of delayed latency in patients 
with glaucoma.[9‑11] In the current study, using 1˚ pattern size 
and 3 and 8 Hz alternating pattern for PERG and ssPERG, 
respectively, we found a significant delay in the PERG P50 and 
N95 latencies and the ssPERG latency. However, there was no 
significant change in the PERG N35 wave latency. This may 
be related to the recording parameters, such as electrode type, 
electrode mounting and stimulation values as well as the type 
and depth of damage in our glaucoma cases. In addition, some 
studies have shown a decrease in latencies and amplitudes with 
increasing age in healthy cases.[12‑14] Thus, we paid attention to 
matching the mean age of the participants for the POAG and 
control groups.

In glaucoma cases, PERG amplitudes show a decreasing 
tendency in line with the increase in the level of damage.[15,16] 
After the first publication on PERG by May et al. in 1982,[17] there 
has been a growing interest in this topic. In a study conducted 
by Trick, when flash‑elicited electroretinograms were used in 

glaucoma cases, the depression in wave amplitudes reached the 
highest level.[18] In the years following this publication, there 
was an increase in the number of studies showing that ssPERG 
responses were more useful in the treatment of glaucoma, 
and as a results, ssPERG has become the preferred method 
in recent studies.[19,20] One of the latest studies concerning the 
subject belongs to Porciatti and Ventura,[21] who developed 
a new PERG called PERGLA in which skin electrodes and 
reversing at 16 pattern reversal gratings per second were used. 
The comparative analysis in the current study revealed the 
superiority of the ssPERG amplitude over the PERG amplitudes 
in all parameters in the determination of glaucomatous damage. 
Rapid stimulus change appears to be more effective in detecting 
the problem in the affected cells. This is similar to the case in 
the electroretinograms of patients with early‑stage cone‑rod 
dystrophy, revealing a good single flash cone response but 
a suppressed 30‑Hz flicker response.[22] Researchers have 
also attempted to provide a metabolic explanation for the 
superiority of ssPERG over transient PERG in eyes affected by 
glaucoma. It has been suggested that fast alternating gratings 
would release more energy in RGCs than slow alternating 
gratings and a metabolically suppressed glaucomatous retina 
may not be able to handle this load.[21,23,24]

In cases with early onset glaucoma, 15‑50% loss of RGCs 
constitutes an important problem prior to the development of 
a visual field defect.[25,26] Some researchers suggested that PERG 
is more sensitive in detecting early glaucomatous damage 
and the presence of RGH damage in patients with known 
glaucomatous damage in the visual field and an IOP within the 
normal range.[27,28] In our study, we did not investigate whether 
or not glaucomatous damage can be detected by PERG in cases 
where VF or structural tests fail. Rather, we identified which 
parameters of PERG/ssPERG differed in patients with known 
glaucomatous damage and explored the possible correlation 
between these test parameters and structural tests. As a result, 
we found significant changes in wave amplitudes in the POAG 
group compared to the control group. We observed a similar 
decrease in both wave amplitudes of transient PERG. In 
contrast, some studies reported that the P50‑N95 amplitude 
was more affected in glaucoma patients.[29] However, similar 
to the current study, Bach also found that the two amplitudes 
were similarly affected in glaucoma cases.[23] In the literature, 
the second amplitude is generally used probably because it is 
considered that the first amplitude provides more information 
on the macula and the second on optic nerve functions.[30]

Electrophysiology and perimeter tests assess visual 
function in different ways. PERG is an objective method that 

Table 3: The sensitivity and specificity of the PERG and ssPERG parameters

Cut‑off value Sensitivity (%) Specificity (%) AUC (%) P*

PERG N35 26 57.7 52.2 0.57±0.05 0.156

PERG P50 52 55.1 63 0.60±0.05 0.058

PERG N95 102 75.6 58.7 0.68±0.04 0.001

PERG N35‑P50 4.32 66.7 67.4 0.29±0.04 <0.001

PERG P50‑N95 6.26 71.5 63 0.34±0.04 0.004

ssPERG Latency 53 65.4 63 0.66±0.04 0.003
ssPERG Amplitude 5.13 77.2 80.4 0.19±0.04 <0.001

AUC: Area under Curve, *ROC analysis
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measures the electrical activity of RGC whereas VF allows for 
a subjective assessment affected by post retinal factors. In our 
study groups, there was a significant difference between the 
VF MD and PSD values. We found that the amplitudes of both 
PERG and ssPERG were positively correlated with MD and 
negatively correlated with PSD. This correlation was even more 
pronounced for the ssPERG amplitude (k: 0.507, P < 0.001). 
In cases of OHT, glaucoma suspicion, and early glaucoma, 
PERG can detect damage before the development of a visual 
field defect as mentioned above.[23,31‑33] However, in peripheral 
defects, PERG may fall behind VF if the stimulated area is not 
extended. In addition, if the majority of RGC in local defects in 
VF are intact, PERG may not be able to detect an abnormality.[21] 
Therefore, approaching these two tests as complementing each 
other will provide more useful information for the clinician.

Studies that undertook the structural and functional 
analysis of glaucoma showed a relationship between RNFL 
thickness and PERG responses.[34,35] In these studies, a positive 
correlation was observed between amplitudes and average 
RNFL thickness measured in OCT. We found that the PERG 
and ssPERG amplitudes were significantly correlated with 
RNFL thickness in all quadrants and this relationship was 
minimal in the temporal quadrant and maximum in the mean 
thickness. The highest correlation was between the ssPERG 
amplitude and the mean RNFL thickness (r: 0.755, P < 0.001). 
The RNFL being normally thinner in the temporal quadrant 
compared to the other quadrants can explain why it had a 
lower level of correlation based on the proportionally fewer 
changes that would have occurred in this quadrant. When the 
relationship of PERG with macular thickness was examined, 
a significant correlation was found between the amplitude 
values and all thickness values except the central macular 
thickness, and this correlation was more marked for the 6 mm 
ring. Among all PERG and ssPERG parameters, the ssPERG 
amplitude had the highest correlation with macular thickness. 
This positive correlation suggests that the relationship between 
structural and functional changes in the retina becomes 
stronger as we move away from the central macula. Similar to 
the case in RNFL thickness, the weak correlation of the central 
thickness value with electrophysiology can be explained by 
the macula being thinner in this segment compared to the 
other macular areas.

PERG reveals the RGC function, but reduced amplitude in 
cases with glaucoma may also be due to RGC dysfunction, as 
well as RGC loss. This should be considered when investigating 
the relationship between anatomy and function. Amplitude 
loss may not be reflected on anatomy at the early stage. In 
other words, anatomical loss may occur after functional loss. 
In this regard, there are studies investigating the relationship 
between structural losses and the severity and progression of 
glaucoma.[36‑40] In their study conducted with 31 OHT, 34 early 
glaucoma and 16 healthy cases, Falsini et al. reported that 
functional loss was more prominent than anatomical loss in 
the OHT group whereas functional and anatomical loss was 
similar in the early glaucoma group.[41]

There are several limitations in the present study. One of 
them is the limited number of patients. The main cause for 
this is the difficulty to find compatible patients to these tests 
at that age. Second, we did not measure the optic nerve head 
diameter. Unstandardized optic nerve head diameter might 

have effected the OCT results and is a lack of this study. These 
limitation warrants further controlled studies.

Conclusion
The good correlation we found between the wave amplitude 
of ssPERG and the parameters of VF and OCT as well as our 
increased confidence in the ssPERG parameters after evaluating 
the results of both the current study and previous research 
reporting satisfactory efficacy of this test in the early diagnosis 
of glaucoma confirm the idea that ssPERG can be safely used in 
routine practice and offer additional benefits when combined 
with VF and other imaging techniques.

In the management of glaucoma, rather than not approaching 
the damage simply as RGC or neuroretinal rim loss, it is 
necessary to evaluate the structural and functional tests as a 
whole with the awareness that there is an ongoing anatomic and 
functional relationship. Among these tests, PERG presents as an 
efficient electrophysiological technique for the early diagnosis 
and follow‑up of glaucoma.
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