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Visual Evoked Potential (VEP) It is part of  the total, gross, elec-
trical brain activity known as the electroencephalogram and of-
fers the potential of  providing earlier and more specific objective 
functional testing than currently available with subjective thresh-
old visual fields. With newer imaging methods such as Ocular 
Coherence Tomography (OCT), we have made significant strides 
in earlier detection of  structural damage to the optic nerve and 
nerve fiber layer, while our ability to detect functional loss earlier 
than what we achieve via white on white threshold field analysis 
remains a challenge in glaucoma [1].

Primary open-angle glaucoma is described distinctly as a multi-
factorial optic neuropathy that is chronic and progressive with a 
characteristic acquired loss of  optic nerve fibers. Such loss devel-
ops in the presence of  characteristic subjective visual field abnor-
malities and manifests by cupping and atrophy of  the optic disc.

Threshold visual field analysis does not selectively reveal which 
structures contribute to the impairment of  the visual system ob-
served in glaucoma. It has been suggested that damage to the 
ganglion cells and/or their axons produce glaucomatous visual 
field defect. VEP objectively measures the functional responses 
of  the entire visual pathway from the anterior segment of  the eye 
to the visual cortex and, in this context, may reliably add specific 
and unique information to our diagnostic protocols.

The Test

The VEP is the objective measurement of  visual function moni-
tored at the level of  the occipital cortex with scalp electrodes. 
It is recorded with a uniform stimulus check size and a slow re-
versal rate throughout the field. The technology of  SD-tVEP is 
based on a conventional pattern-reversal VEP technique [2]. A 
set of  predetermined stimulus patterns consisting of  a series of  

low-contrast (Lc) and high-contrast temporally modulated check-
erboards is used to elicit VEP responses from the magnocellular 
and parvocellular pathways of  the visual system. The magnocellu-
larand parvocellular pathways can be isolated by the contrast level 
of  the stimulus pattern. The magnocellular pathway responds 
to low-contrast stimulation, while the parvocellular pathway re-
sponds to high-contrast stimulation [3,4]. Glaucoma is character-
ized by progressive loss of  retinal ganglion cells and their axons 
[5]. The electrical pulses from the ganglion cells are transmitted 
to the cerebral cortex via the optic nerve, optic tract, lateral genic-
ulate nucleus, and the optic radiations. Any interruption of  the 
transmission of  these electrical pulses can be monitored using 
VEP [6]. Glaucoma affects the parvocellular and magnocellular 
cells at the same rate; however, the parvocellular cells contrib-
ute 80% of  the total ganglion cell population while magnocellular 
cells make up only 10% [7,8]. Since the ratio of  healthy magnocel-
lular cells compared to the total magnocellular - cell population 
approaches zero much faster than the parvocellular - cell ratio, 
isolation of  the magnocellular - cell group by specific VEP stimuli 
may be beneficial in detecting early disease [6].

The pattern VEP was compared to the Octopus 2000R automated 
perimeter in the assessment of  central visual function in chronic 
simple glaucoma  in 90 patients (52 males and 38 females) in two 
age bands 40–60 years and 61–80 years [9]. VEP demonstrated a 
high detection rate (86.7%) with a relatively low false positive rate 
of  7.7% (P < 0.01). When the two tests were compared, absolute 
latency and field loss were poorly correlated but interocular dif-
ferences showed much stronger correlation with the sum of  field 
losses determined with static perimetry. This was true for both 
upper and lower hemifield testing. Once inter individual variability 
was eliminated; severity of  field loss was mirrored by prolonga-
tion of  VEP latency.

Current Clinical Applications of  VEP

Two commercially available instruments, the Diopsys and the 
EvokeDx, allow clinicians to provide VEP testing with relative 
convenience and affordability.

The Diopsys® NOVA-VEP Vision Testing System is a part of  
the Diopsys® NOVA suite of  tests which use VEP to objectively 
measures the functional responses of  the entire visual pathway 
from the anterior segment of  the eye to the visual cortex. The in-
tention of  the design is to help improve sensitivity and specificity 
in diagnosing visual pathway disorders when used in conjunction 
with other diagnostic tests. The Diopsys® NOVA-VEP system 
comes equipped with two protocols – the Diopsys® NOVA-LX 
and Diopsys® NOVA-TR.
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Figure 1. The Diopsys VEP

Figure 2. Diopsys VEP report showing normal (green) short and long latencies
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The Diopsys® NOVA-LX was designed to provide doctors with 
an easy-to-follow, advanced protocol that guides the technician 
through the test procedure. The color-coded reports show results 
for low contrast tests, indicating the health of  magnocellular path-
ways, and high contrast tests, indicating the health of  parvocel-
lular pathways. The Diopsys® NOVA-TR was designed to allow 
the user to customize the stimulus to the patient and pathology, 
including the pattern, pattern size and contrast level.

The EvokeDx (Konan Medical) is Konan’s patented Isolated 
Check VEP (icVEPTM) is a steady state, low contrast stimulus 
pattern that is thought to specifically target the magnocellular on 
pathway. The icVEP stimulus is presented as multiple, short runs 
(instead of  a single, long run), enabling more reliable data collec-
tion while making the test easier on the patient.

SBIR Glaucoma investigation, Phase I (Columbia) and Phase 
II (Yale, Hamilton Eye Institute,  University of  Tennessee, and 
University Alabama, College of  Optometry), reported 94% and 
92% accuracy respectively in separating glaucomatous from 
non-glaucoma patients using the patented icVEP protocol. An 
independent assessment in June 2013 in Beijing (TongRen and 
YouYi) report equivalent findings using icVEP:  “high accuracy 
demonstrates the value as an aid in the diagnosis of  open angle 
Glaucoma.”[10]

Discussion

Ever since visually evoked cortical potentials were first used as 
a diagnostic aid the important question has been whether they 
could detect visual field defects. In earlier investigations [11], 
light-flash stimulators illuminating the entire retina were used and 
the bioelectrical responses from both hemispheres were com-
pared. Because asymmetries between the hemispheres were also 
found in normal people only differences of  50 percent or more 
between the responses of  the right and left hemisphere were con-
sidered significant.

Later, methods of  stimulating the temporal and nasal parts of  the 
retina separately with flash and checkerboard stimulation were in-
troduced. Finally, a sophisticated method of  separating the signals 
from retinal areas stimulated simultaneously was devised. 

Both the topographical position and the dimension and degree 
of  the diminished sensitivity of  the visual field are important 
for changes in the evoked potentials, the nearer to the center the 
visual field defect is localized, the larger the changes of  the VEPs 
are expected to be. Thus a small relative scotoma located near the 
center may affect significant changes on the VEP while a large 
absolute scotoma in the periphery may cause only minor changes 
in VEP [12].

The larger latency increments have been reported when meas-
ured in eyes with large field defects [13] but there was no direct 
relation between field size and latency. The visual field may be 
nearly intact with a definite increase of  latency in the affected eye. 
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Figure 4. EvokeDx report. Multivariate analytics distill the complex VEP waveform into more understandable results

Figure 3. The EvokeDx (Konan Medical) is a relative compact self-contained image screen and processor
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Increased pattern VEP latency was significantly correlated with 
both the severity and location of  visual field defects and the de-
gree of  cupping and pallor of  the optic disc in another study [14].

The VEP changes observed by some authors in the form of  pro-
longed P100 latency were consistent with the central visual field 
defects qualitatively and quantitatively [15]. Therefore, it was con-
cluded that the latency of  P100 can be a useful quantitative index 
in the evaluation of  glaucomatous visual function damage. The 
difference in diagnostic sensitivity to glaucoma between VEP and 
visual field changes were studied and the authors have suggested 
that combination of  the two may be a more useful index.

Summary

As seen with any new set of  data introduced to a previously ac-
cepted clinical standard, the implementation of  VEP instrumen-
tation in to common clinical setting is still finding its way. Making 
clinical decisions based of  VEP data may often challenge accept-
ed decision making based upon IOP threshold visual fields and 
OCT imaging. Given the notion that VEP represents a reasonable 
objective quantitative means of  assessment of  the visual process, 
it seems likely that these tests or others that will likely follow be-
come an integral part of  glaucoma management protocols. 

With current evidence that VEP may offer some reliable objective 
evidence of  early functional change, one can only hope that ro-
bust scientific evidence paired with more technical advancement 
of  these types of  tools may help us get a bit closer. 
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