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Relationship between optical coherence tomography angiography and visual 
evoked potential in patients with multiple sclerosis
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Purpose: This study aimed to identify an easy‑to‑apply biomarker by correlating visual evoked 
potential  (VEP) with optical coherence tomography angiography  (OCTA) results in multiple 
sclerosis (MS). Methods: Our study was planned prospectively. Patients with MS were divided into two 
groups, VEP prolonged group  1 and VEP normal group  2. Age‑matched and gender‑matched healthy 
individuals  (group  3) were included as the control group. Vascular density  (VD) of the optic nerve 
head (ONH) and radial peripapillary capillaries (RPCs) were measured and recorded by OCTA. The optic 
nerve damage of patients was measured and recorded with a VEP device. Results: Thirty‑two eyes were 
included in group 1, 50 eyes were included in group 2, and 51 healthy eyes were included in group 3. In 
terms of visual acuity, group 1 was significantly lower than the other groups  (P  <  0.001). Regardless of 
the prolongation of p100 latency in patients with MS, whole image, inside disc ONH VD and in the same 
sectors in RPC VD were found to be significantly lower than the control group  (P  < 0.05). Retinal nerve 
fiber layer thickness was found to be significantly lower in group 1 than in group 2 and group 3 (P < 0.05). 
There was a significant correlation between low ONH VD and RPC VD and prolonged VEP P100 (P < 0.05). 
Conclusion: VEP measurements can be correlated with OCTA measurements in patients with MS and can 
be used as a biomarker to determine the degree of optic nerve damage.
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Multiple sclerosis (MS) is a disease that typically occurs in young 
adults and results in central nervous system inflammation, 
demyelination, neuroaxonal loss, and widespread degeneration. 
Many factors, including inflammatory, autoimmune, genetic, 
and vascular factors, play a role in its etiology.[1,2] MS is thought 
to be an autoimmune disease that develops due to inflammation 
caused by the T cells acting against the myelin sheath in the 
central nervous system  (CNS).[3] The age of onset is usually 
around 30 years old, and women are affected about two times 
more than men.[4]

Cerebral vascular changes due to vasculopathy in MS 
play an important role in the pathogenicity and prognosis 
of the disease.[5] Cerebral vessels and retinal vessels are 
embryologically similar, structurally and anatomically, 
because they originate from the same structure.[5] Therefore, 
it is believed that vascular changes in the retina reflect 
cerebral vascular changes.[6] Optical coherence tomography 
angiography (OCTA), a noninvasive method, can be used to 
measure the vascularity of the optic nerve head (ONH) and 
radial peripapillary capillaries  (RPCs).[7] The use of dyes in 
fundus fluorescein angiography and the inadequate evaluation 
of the RPC network make the use of OCTA advantageous.[8]

Visual pathways are frequently affected in MS. As a result, 
approximately 50% of patients with MS experience visual 

problems.[9] In addition, the first finding in 25% of these patients 
is decreased vision due to optic neuritis (ON).[10] In ON, axonal 
degeneration occurs as a result of demyelination of the optic 
nerve.[11] Visual evoked potential (VEP) is used in evaluating 
the visual pathways affected in MS. The prolongation of the 
p100 peak time (latency) in VEP measurement is considered 
to be an important finding in evaluating the destruction of 
the visual pathways. Based on the demyelination severity 
of these pathways, the p100 peak time in VEP starts to 
increase.[12,13] According to the International Society for Clinical 
Electrophysiology of Vision (ISCEV), the 60’ measurement is 
the most valuable.[14] Postmortem examinations have revealed 
94%–99% of visual damage in patients with MS.[15]

This study aims to determine the degree of damage to the 
visual pathways and to evaluate the effect of this damage on the 
vascular density (VD) in the ONH with OCTA. In other words, 
we aim to determine the relationship between neurodegeneration 
and vascular change in patients with MS. We also aim to determine 
the usability of OCTA, which is noninvasive, requires less patient 
compliance, is relatively inexpensive, and takes less time. We 
hope to obtain results that can predict neurodegeneration in 
visual pathways using OCTA measurements.
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Methods
The study was prospective and was conducted in accordance 
with the Declaration of Helsinki. Written informed consent was 
obtained from all patients included in the study. Approval for the 
study was received by the Dicle University  Noninterventional 
Ethics Committee (Decision No. 234) on July 5, 2020.

Patients diagnosed with MS by a neurologist using the 2010 
McDonald criteria were involved in this study.[16] Accordingly, 
82 eyes of 41 patients diagnosed with MS were included. In 
addition, 52 eyes of 26 age‑matched and sex‑matched healthy 
patients were included as the control group. The control group 
was selected from individuals who applied to the eye outpatient 
clinic for a routine examination, had no systemic disease, and 
had no eye disease except ±2 refractive error. The exclusion 
criteria were as follows: a) glaucoma and suspicion of glaucoma, 
b) visual acuity below 20/200, c) oral steroid treatment within 
30 days, d) refractive error > ±3D, e) MS exacerbation within 
30 days, f) intraocular infection, g) hypertensive or diabetic 
retinopathy, h) ischemic optic neuritis, and retinal vascular 
occlusion, i) refractive surgery history, and j) a fundus that could 
not be clearly visualized (corneal opacification, cataract, etc.). 
In addition, OCTA shots with a signal strength index (SSI) less 
than 50 and motion artifacts were not included.

The patients’ names, sex, age, and duration of disease were 
recorded. Best‑corrected visual acuity (BCVA) was determined 
according to the Snellen chart. Intraocular pressure was 
measured by applanation tonometry. Anterior segment and 
posterior segment examinations were performed using a slit 
lamp. The pupillary light reflex, RNFL analysis, and visual 
field were used to evaluate the optic nerve structurally and 
functionally with a complete ophthalmological examination. 
OCTA and VEP measurements of the participants were taken 
and recorded.

Humphrey Visual Field (Carl Zeiss Meditec, Inc.) was done 
using the SITA (Swedish interactive threshold algorithm) 24‑2 
protocols. The mean deviation (MD) was recorded.

OCTA
Vascular measurements of the ONH were performed with an 
OCTA device  (Optovue Inc., Fremont, CA, USA) using the 
RTVue XR‑100 Avanti OCT and AngioVue software. This OCTA 
device has a scanning speed of 70,000 A per second with an 
840 nm light source. B mode is formed by combining 304 A 
mode. The received scanning modes are processed according to 
the discrete spectrum amplitude decoration algorithm, and the 
image is created. The working principles of OCTA have been 
explained in detail in previous studies.[17] The area covered by 
the blood vessels in the region scanned using OCTA is called 
VD and is mapped.

In our study, the 3.0  ×  3.0 mm scanning mode was 
chosen for the ONH. VD measurement of the ONH and 
the area around the ONH of 3.45 mm (including RPCs) was 
performed [Figs. 1 and 2]. A whole image, an image of inside 
the optic disc, images of the peripapillary of the ONH, and of 
RPCs were taken.

VEP
Measurements were recorded with a Monpack3 (Metrovision, 
France) VEP device in accordance with ISCEV.[18] The refraction 

errors of the patients were corrected before starting the test. 
VEP recordings were recorded in a dark room and from both 
eyes separately. The duration  (latency) and amplitude at 
the p100 peak value were recorded by providing the same 
conditions for all patients. Prolongation of p100 latency in the 
VEP 60’ pattern is important for ON diagnosis in demyelinating 
diseases.[14] In accordance with the mean VEP p100 latency in 
a sample study and the control group, VEP p100 latency ≥116 
ms was considered pathological.[19]

Based on these measurements, patients with MS were 
divided into two subgroups. Patients with MS with p100 
latency ≥116 ms in VEP were included in group 1, and patients 
with MS with p100 latency <116 ms in VEP were included in 
group 2. The healthy controls were included in group 3.

Statistical analysis
All statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS) version 21 (SPSS, Inc., 
Chicago, IL). The normality of the data was verified using the 
Shapiro–Wilk test  (P  >  0.05). A Chi‑square test was used to 
determine the difference in patient ratios between the groups. 
Patients with MS were compared with the control group before 
being classified according to the prolongation of P100 latency 
in VEP. According to the normality test results, pairwise 
comparisons were made with the t‑test or Mann–Whitney 
U test. A Pearson correlation test was used to analyze the 
relationship between parameters. A P value of less than 0.05 
was considered statistically significant.

Results
A total of 82 eyes of 41 patients with MS were included. Of the 
41 patients with MS, 27 (65.9%) were women and 14 (34.1%) 
were men. The control group included 51 eyes of 26 healthy 
patients; 15  (57.6%) of the 26 controls were women and 
11 (42.4%) were men (P = 0.338) [Table 1]. One eye of a patient 
in the control group was not included in our study because the 
OCTA results were not satisfactory.

The average ages were 38 ± 6.4 years in the MS group and 
36 ± 3.4 years in the control group (P = 0.063). MS duration 
was 7.3 ± 9.0 and 5.5 ± 4.7 in groups 1 and 2, respectively. The 
difference between the groups was significant (P < 0.001). 
The groups were also compared in terms of gender. The 
female:male ratio was 27:14 in MS group and 15:11 in control 
group (P = 0.338).

The difference between groups was significant in terms of 
BCVA (P  < 0.001). When the groups were compared among 
themselves, there was a difference between all groups. The lowest 
vision was in group 1 [Table 1]. There was a significant difference 
between the groups in terms of p100 latency in VEP (P < 0.001). 
When the groups were compared among themselves, the 
difference between all groups was significant (P = <0.001). The 
most prominent elongation in VEP was in group 1 [Table 2].

All RNFL values were found to be significantly lower 
when patients with MS were compared with the control 
group, regardless of the prolongation in P100 latency. In 
patients with MS with a P100 latency greater than 116 ms, the 
thinning of the RNFL was significant when compared with 
the group with a P100 latency below 116 ms and the control 
group. [Tables 2 and 3].
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Regardless of the prolongation of P100 latency in patients 
with MS, whole image, inside disc ONH VD were found to be 
significantly lower than the control group (P = 0.002, P = 0.001, 
P = 0.004, respectively) [Table 2]. Peripapillary ONH VD was 
significantly lower in the group with p100 above 116 ms when 
the subgroup was made according to the prolongation of P100 
latency in VEP (P = 0.047, P = 0.037, respectively) [Table 4].

Regardless of the prolongation of P100 latency in patients 
with MS, whole image, inside disc, and peripapillary 
RPC VD were found to be significantly lower than the 
control group  (P  <  0.001, P  =  0.001, P  =  0.035, P  =  0.046, 
P = 0.016, respectively) [Table 2]. Peripapillary RPC VD was 
significantly lower in the group with p100 latency above 
116 ms when the VEP was subgrouped according to P100 
latency prolongation (P = 0.019, P = 0.025, P = 0.006, P = 0.022, 
P = 0.036 respectively)  [Table 4]. Visual field MD value was 
significantly higher in patients with MS than in healthy 
controls (P < 0.001) [Tables 2 and 3]. A significant correlation 

was found between the values in all ONH VDs and in all sectors 
without RPC VD inside disc and the P100 value was detected 
in VEP [Table 5].

Discussion
In our study, regardless of the prolongation P100 latency in 
VEP, whole image, and inside disc ONH VD and RPC VD, 
and RNFL decreased in all patients with MS compared with 
the control group, whereas those with delayed P100 latency 
peripapillary ONH VD and RPC VD and RNFL were affected 
according to controls and nondelayed p100 latency. When this 
was correlated with VEP, a statistically significant negative 
correlation was found between ONH VD and RPC VD and VEP.

MS is a disease characterized by neural degeneration due to 
inflammation in the CNS.[20] Vasculopathy develops in association 
with the disease and is seen in cerebral hypoperfusion. This 
condition is thought to be associated with disease progression.[21] 
Cerebral hypoperfusion has been demonstrated in both gray 

Figure 2: The radial peripapillary capillary (RPC) vessel densities were automatically measured within a 0.5‑mm wide elliptical annulus extending 
outward from optic nerve head boundary

Figure 1: Vascular densities of the optic nerve head (ONH) were analyzed in images with a size of 3 mm × 3 mm centered on the optic disc
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and white matter.[22] However, studies conducted with many 
devices have reported that the ocular blood flow of patients with 
MS is also reduced.[23‑25] Cerebral hypoperfusion is thought to 
have two causes. The first is arteriolar vasodilation caused by 
the disruption of the metabolism of cerebral astrocytes, and the 
other is a vascular change caused by neurodegeneration.[26] Other 
hypotheses considered in physiopathology are as follows: As 
the reduction in nerve fibers decreases metabolic demand in the 
tissue, blood flow decreases as an autoregulation mechanism, or 
vascular endotheliopathy occurs due to inflammation; therefore, 
hypoperfusion is thought to develop.[27] The reflection of this 
cerebral vascular change is seen in both the optic nerve and the 
retina.[28]

Spain et al.[29] looked at the flow index of the ONH and found 
that the flow in the ONH decreased in patients with MS with 
and without ON. In addition, they reported that the decrease 
in ONH VD in patients with MS was higher in those with 
ON than in those without ON. Akarsu et al.[30] used Doppler 
ultrasonography to evaluate retrobulbar hemodynamics in 
patients with MS with ON. They found that the flow in the 
posterior ciliary artery and the central retinal artery was lower, 
particularly in eyes with ON compared with healthy eyes.

Farci et  al.[31] found that capillary perfusion decreased in 
the optic disc in patients with MS, independent of ON. In our 
study, we determined that the VD in both ONH and RPC layers 
of the ONH of patients with MS was decreased compared with 
the control group, and the layer with the highest VD reduction 
was the RPC layer. In our study, the decrease in VD among the 
patient groups with MS was found to be significantly higher in 
the group with prolonged VEP p100 latency than in the group 
with normal VEP p100 latency. In other words, VD reduction in 
both the ONH and RPCs is significantly higher in patients with 
MS with ON than in patients with MS without ON. Whether the 
decrease in VD at the head of the optic disc in MS is a cause or 
a result of MS is still not fully explained. That is, it is not fully 
explained whether neurodegeneration causes decreased VD or 
whether decreased VD causes neurodegeneration. As seen in 
our study, these two conditions are interrelated.

Neurodegeneration in MS is manifested by optic nerve 
damage, reduced RNFL thickness, and reduced ganglion 
cell complex thickness.[32] Some studies suggest using this 
thickness loss as a biomarker for neurodegeneration.[33,34] In 
addition, some studies report a negative correlation between 
RNFL thickness and p100 elongation in VEP.[35,36] As is known, 
the most important examination to show neurodegeneration 
in the visual pathways is VEP.[37] Therefore, in our study, we 
evaluated the visual pathways with VEP in patients without 
a history of ON.

In our study, decreased RNFL thickness was significant in 
group 1 because these patients had ON damage. Simultaneously, 
there was prolongation in the VEPs of patients in this group. 
The purpose of studying VEP was to detect ON damage 
because postmortem studies have reported that ON damage 
is present in patients with MS without visual complaints.[14]

As is known, there are disadvantages relating to VEP, such 
as the length of time it takes to perform VEP analysis and not 
being able to perform VEP analysis of patients whose visual 
acuity is below 20/200 based on the Snellen chart.[38]  In this case, 
we thought it would be advantageous to use the noninvasive 
method of OCTA to measure vascularity in the ONH. We 

Table 2: Comparision of ONH VD and RPC VD values and 
RNFL thickness between patients with MS and control 
subjects

Patients with 
MS n=41

Control 
subjects n=26

*P

ONH VD

Whole image 59.1±3.5 60.8±2.0 0.002
İnside disc 55.2±5.0 58.1±2.8 0.001
Peripapillary 62.1±3.9 63.1±2.4 0.084

RPC VD

Whole image 56.9±4.1 59.4±2.2 P<0.001 
İnside disc 47.9±8.1 52.6±8.1 0.001
Peripapillary 63.0±5.1 64.6±2.7 0.035

VEP 119.0±17.9 102.4±4.8 P<0.001
Visual field (md) −5.15±3.32 −2.39±0.31 P<0.001
RNFL average 96.0±13.3 101.4±10.3 0.016
RNFL superior 113.2±20.6 124.9±15.8 0.001
RNFL inferior 113.7±18.6 126.9±15.5 P<0.001
RNFL temporal 70.5±7.8 79.3±7.1 P<0.001
RNFL nasal 77.0±8.3 83.1±5.6 P<0.001
t‑test was used, P<0.05 (denoted with bold) was statistically significant

Table 1: Comparison of age, gender, and visual acuity 
between groups

Patients with 
MS n=41

Control 
subjects n=26

P

Age (years) 38.0±6.4 36.0±3.4 *P=0.063

Gender Female/male 27/14 15/11 †0.338
BCVA 0.8±0.24 1.0±0.0 *P<0.001

*t‑test was used. †Chi‑square test was used

Table 3: Comparison of retinal nerve fiber layer thickness between three groups

Group 1 
(ON)

Group 2 
(without ON)

Group 3 
(controls)

P

Group 1‑2 Group 2‑3 Group 1‑3

Visual field (MD) −5.48±3.70 −4.94±3.07 −2.39±0.31 0.484 <0.001 <0.001
RNFL Average 88.5±15.7 100.8±8.7 101.5±10.3 <0.001 0.825 <0.001
RNFL Superior 100.1±19.9 121.6±16.0 125.1±15.9 <0.001 0.329 <0.001
RNFL Inferior 101.0±20.8 121.9±10.9 127.0±15.6 <0.001 0.072 <0.001
RNFLTemporal 67.2±10.0 72.6±5.0 79.5±7.0 0.002 <0.001 <0.001
RNFL Nasal 71.7±8.7 80.3±5.9 79.4±7.9 <0.001 0.027 <0.001
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found a negative correlation between VD and VEP in all sectors 
except the ONH superonasal sector and RPCs inside the optic 
disc. In other words, we found that the vascularity of the ONH 
and RPCs decreased in patients with MS with prolonged VEP 
p100 latency.

Conclusion
In conclusion, we would like to emphasize that the ONH VD 
and RPC VD in the OCTA of patients with MS are correlated 
with VEP, in addition, vascular density measurement in OCTA 
can show optic nerve involvement. As the use of OCTA in these 
patients becomes routine, we will acquire more information.
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