Original Article

Ann Med Res 2025;32(5):210-216

Ann Med Res

Current issue list available at Ann Med Res

Annals of Medical Research

journal page: annalsmedres.org

Evaluating peripapillary choroidal vascularity index and peripapillary retinal
nerve fiber layer thickness in patients with retrobulbar optic neuritis: A

comparative study

Hidayet Sener @ * Hatice Kubra Sonmez &

aFrciyes University, Faculty of Medicine, Department of Ophthalmology, Kayseri, Tiirkiye
*Corresponding author: hidayetsener00@gmail.com (Hidayet Sener)

B MAIN POINTS

* The posterior tibial curvature is sig-
nificantly greater in the proximal re-
gion than in the distal region.

* Understanding tibial curvature is es-
sential for accurate surgical plan-
ning and avoiding postoperative
complications.

« This study presents a practical mor-
phometric method for evaluating
posterior tibial curvature on the
sagittal plane.
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B ABSTRACT

Aim: This study aimed to determine whether the peripapillary choroidal vascular index (pCVI)
can be used to diagnose and track retrobulbar optic neuritis (RBON) and to compare the clinical
and electrophysiological characteristics between patients with RBON and controls.

Materials and Methods: The study involved 60 eyes, and evaluations included magnetic reso-
nance imaging (MRI), optical coherence tomography (OCT), visual field (VF) testing, and pattern
visual-evoked potential (VEP) testing.

Results: Twenty eyes with RBON, twenty fellow eyes, and twenty healthy control eyes were en-
rolled. Age, gender, and axial length were not significantly different between the groups. Best-
corrected visual acuity (BCVA) was substantially lower in RBON eyes than in both fellow and
control eyes (p<0.0167). The peripapillary choroidal vascular index (pCVI) was also signifi-
cantly reduced in the RBON eyes compared with the control eyes (p<0.001). Although RBON
eyes showed longer P100 latency (p = 0.019) and reduced temporal peripapillary retinal nerve
fiber layer (pRNFL) thickness (p = 0.045), these differences did not reach statistical significance.

Conclusion: Our findings demonstrate a reduction in pCVI and visual acuity in RBON eyes com-
pared with controls, suggesting a potential role of vascular dysfunction in the disease process.
Although other structural and electrophysiological changes were observed, they did not remain
statistically significant.
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B INTRODUCTION

head (ONH), has emerged as a promising tool for assessing

Retrobulbar optic neuritis (RBON), an inflammatory de-
myelinating disease that the optic nerve, is commonly asso-
ciated with multiple sclerosis (MS) and neuromyelitis optica
[1,2]. This disorder affects the part of the optic nerve be-
hind the eye, resulting in visual abnormalities, such as color
vision, blurred vision, and visual field deficiency [3]. Ongo-
ing advances in imaging technology have led to an unprece-
dented increase in the detailed visualization of ocular struc-
tures, with a particular focus on the choroidal vasculature [4].
The choroid, a critical supplier of blood to the outer retina, is
increasingly recognized for its role in several ocular patholo-
gies [5].

The peripapillary choroidal vascular index (pCVI), which

quantifies choroidal vessel density around the optic nerve

optic nerve health [6]. However, studies evaluating the po-
tential of pCVT for the diagnosis and monitoring of RBON
are lacking.

This study aimed to investigate clinical and electrophysiologi-
cal characteristics in patients with RBON and compare them
to controls. The study also evaluated visual field (VF) out-
comes, visual-evoked potential (VEP) tests, and changes in the
retinal nerve fiber layer (RNFL) and pCVI among patients
with RBON. This approach would help enhance our under-
standing of the disease’s impact on optic nerve health and the
potential role of choroidal vasculature in RBON.
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E MATERIALS AND METHODS

All methods employed in this research involving human par-
ticipants strictly followed the ethical norms of the Helsinki
Declaration. The research protocol received approval from
the Institutional Review for ethical scientific conduct (Erciyes
University Local Ethics Committee, N0:2023/39).

Study population

This study included patients who presented with acute vision
loss and were subsequently diagnosed with RBON at our in-
stitution. Comparisons were conducted between the affected
eye and the healthy fellow eye of each patient, as well as with a
randomly selected eye of a healthy patient attending the clinic.
We excluded patients with a history of other ophthalmologic
or neurologic diseases that could potentially influence the op-
tic nerve, individuals with a medical history of bilateral retrob-
ulbar neuritis, papillitis, and ischemic optic neuropathy, and
those with pre-existing conditions such as diabetes or hyper-
tension. Pediatric patients were also not included in this re-
search. In patients diagnosed with RBON, images were ob-
tained at least 3 months after the acute attack.

Clinical examination

All patients underwent a thorough ophthalmologic exam-
ination upon presentation, which included a dilated fun-
duscopic examination, intraocular pressure (IOP) measure-
ment, slit-lamp examination, and best-corrected visual acu-
ity (BCVA) assessment. Relative afferent pupillary deficit
(RAPD) was noted, and any aberrant findings were recorded.

Optical Coberence Tomography (OCT)

An ONH radial circle scan pattern and 24 continuous ra-
dial B-scans were obtained using the Spectralis OCT Glau-
coma Module software (version 1.9.17.0; Heidelberg Engi-
neering). The structures are arranged according to the axis
running from the fovea to the Bruch’s Membrane Opening
(BMO) center. Every location along a predefined-diameter
(3.5 mm) circle in a comprehensive area, as well as in the six
different sectors, was used to calculate the thickness of the
RNFL in the circumpapillary region (Figure 1).

VF test

We used the Octopus 900 perimeter (Haag-Streit, Switzer-
land) to perform the VF tests on our study participants. The
VF test uses the 30-2 white/white pattern. Each subject was
comfortably seated, and the test was performed in a dimly lit
room. The nontested eye was occluded, and patients were in-
structed to fixate on the central target throughout the test.
False-positive and false-negative responses and fixation losses
were carefully recorded during the test to assess the reliability
of the test results. Mean deviation (MD) is a measure quanti-
tying the overall reduction or defect in a patient’s visual field
(VF) relative to the normal visual field of individuals in their
age group. sLV measures the degree of localized VF loss.
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Pattern VEP test

The VEP recordings were performed using the Vision Mon-
itor by Metrovision (MonPack, France). This study was per-
formed following the recommended standard protocol by the
International Society for Clinical Electrophysiology of Vision
(ISCEV) [7]. A thorough explanation of the process was pro-
vided to each patient, and measures were taken to optimize
their visual acuity. The active electrode was positioned on
the visual cortex (Oz region as per the international 10-20
system), the reference electrode was positioned on the mid-
frontal head region (Fz region), and the ground electrode was
placed on the mastoid.

We employed a reversed checkerboard pattern as the stimu-
lus. The chosen field size was 15 minutes of visual arc. The
contrast level was kept equal to or above 85%, with an average
luminance of approximately 100 cd/m’. The temporal fre-
quency was set at 2 pattern reversals per second (1Hz). The
patient was situated a meter away from the screen. The pa-
tients” pupils were nondilated under ambient room illumi-
nation. The participants were instructed to maintain steady
fixation at the center of the stimulus field. Needle electrodes
were used. The recording time window was set for 250 mil-
liseconds, with at least 100 sweeps averaged for each response.
Furthermore, the bandpass was set at 1-30 Hz.

We measured the implicit time and amplitude of the positive
wave at approximately 100 ms (P100) and the negative wave
atapproximately 75 ms (N75). The P100 amplitude was mea-
sured from the N75 trough to the next peak, while the N75
amplitude was calculated from the baseline to the negative
trough. The time between the beginning of light and the peak

of the waves is known as the implicit time.

Magnetic Resonance Imaging (MRI), diagnosis, and treat-
ment

Patients with RBON based on clinical examination were re-
ferred for neuroimaging. The MRI of the craniocervical and
orbital region with gadolinium was performed to confirm the
diagnosis. The diagnosis of RBON is based on a combina-
tion of clinical findings, such as sudden unilateral visual loss,
the presence of RAPD and color vision loss, and a combina-
tion of test results of prolonged VEP implicit time and VF
defects. Patients diagnosed with RBON were treated with a
pulse prednisolone (Prednol-L, Gensenta, Turkey) therapy of
1g, administered over a period of 3—5 days.

OCT image processing procedure

The Choroidal Vascularity Index (CVI) was assessed using
a 3.5-mm ONH radial circle scan, facilitated by the Spec-
tralis Glaucoma Module software. Further information on
the method used to measure CVI can be found in other
sources [8-10]. Image binarization, the process of convert-
ing grayscale images to binary images, was performed using
Image] software (version 1.47, available freely at https://im-
agej.net/Citing).
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Figure 1. This figure shows the patient's SPECTRALIS Glaucoma Module scans with circumpapillary RNFL and optic disc imaging. The 3.5-mm RNFL

scan results were obtained using the TSNIT profile and 6-sector analysis.

The area between the upper boundary of the light pixels at
the Retinal Pigment Epithelium (RPE) and the lower bound-
ary at the choroid-scleral junction was determined to be the
choroidal area. The Total Choroidal Area (TCA), which is
the area between the RPE and the choroid-scleral junction,
was calculated after the picture color was changed to yellow
so that the color threshold tool could detect dark pixels. The
vascular region of dark pixels inside the choroid was identi-
fied as the Luminal Area (LA). Next, the LA was divided by
the TCA to determine the pCVTI (Figure 2).

Statistical analysis

All statistical analyses were performed using Statistical soft-
ware Package for Social Sciences version 22 (SPSS version
22.0) (IBM Corp., Armonk, NY, USA). Shapiro-Wilk test was
used as the test of normality. Homogeneity of variances was
assessed using Levene’s test. Based on these tests, statistical
differences between groups were evaluated using the relevant
parametric or nonparametric test. The Pearson chi-square
test was used to compare nominal data.

Non-normally distributed data were subjected to the
Wilcoxon signed-rank test. The Student’s t-test was used for
normally distributed data, whereas the Mann—Whitney U
test was used for data that was not for independent groups.
The results are displayed as mean + standard deviation (SD)
for normally distributed data and as median and interquar-
tile range (IQR: 25™ to 75% percentile) for nonnormally
distributed data.
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Comparisons among the three groups (RBON eyes, fellow
eyes, and control eyes) were performed using paired or inde-
pendent t-tests, as appropriate. To control for type I errors
caused by multiple comparisons, Bonferroni correction was
used. The significance threshold was adjusted to o = 0.05/3
~ 0.0167.

A post-hoc power analysis was conducted using G*Power
software (Heinrich-Heine-Universitit Disseldorf, Diissel-
dorf, Germany) to assess whether the sample size was suffi-
cient to detect differences in the peripapillary choroidal vascu-
larity index (pCVI) among the three groups. The analysis was
based on a one-way ANOVA (fixed effects, omnibus), with an
alpha level of 0.05, three groups, and an effect size (Cohen’s
f) derived from the observed means and standard deviations.
The resulting statistical power and Type II error probability
() were calculated accordingly.

B RESULTS

Twenty eyes with RBON, twenty buddy eyes, and twenty
healthy control eyes comprised the total number of eyes en-
rolled. The patient and control groups did not differ signifi-
cantly in terms of sex (p=0.185) or age [patient group: 41.0
(26.0-43.7, control group: 28.0 (30.0-32.0); p=0.056]. Eyes
with RBON, other eyes, and controls had comparable axial
lengths. However, compared with the controls and other eyes,
eyes with RBON showed a markedly lower BCVA (Table 1).
Nine members of the RBON group had relapsing-remitting
multiple sclerosis.
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Table 1. Demographic and clinical characteristics of patients.
Variables RBON eye Fellow eye Control eye

(n=20) (n=20) (n=20) p1 p2 p3
Age (year) 41.0 (26.0-43.7) 28.0 (30.0-32.0) 0.056
Sex (m/f) 5/15 9/11 0.185
BCVA (decimal) 0.95 (0.62-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 0.007* 0.006* 0.289
Axial lenght (mm) 23.1+1.0 23.2£1.0 23.7+1.0 0.618 0.124 0.154

BCVA: best-corrected visual acuity; p1: RBON eye v fellow eye; p2: RBON eye v control eye; p3: fellow eye v control eye, RBON: retrobulbar optic neuritis,

*significant p value.

Table 2. Electrophysiological tests results of patients with RBON.

Variables RBON eye Fellow eye p
(n=20) (n=20)

N75_IT (ms) 61.2 (38.0-77.3) 72.9 (45.5-78.4) 0.455
N75_A (mV) 1.3(0.2-2.9) 0.5(0.2-1.9) 0.130
P100_IT (ms) 115.3413.5 104.619.3 0.019
P100_A (mV) 8.1t4.0 8.615.1 0.452
Visual Field (md) 6.1t4. 4.243.4 0.078
Visual Field (sLV) 64.9+2.1 4.141.8 0.051
RBON: retrobulbar optic neuritis, *significant p value.
Table 3. OCT test results of patients and controls.
Variables RBON eye Fellow eye Control eye

(n=20) (n=20) (n=20) p1 P2 p3
pRNFL_T (um) 59.8+18.8 64.9115.7 69.619.3 0.154 0.045 0.259
PRNFL_IT (um) 142.0+44.3 139.1430.8 146.8114.7 0.741 0.649 0.323
pRNFL_IN (um) 107.1425.8 103.3£21.7 106.0+18.4 0.434 0.878 0.625
pRNFL_N (um) 79.1£19.6 75.5¢22.1 84.5+14.2 0.348 0.330 0.135
pRNFL_SN (um) 122.5428.5 115.7425.9 118.8428.3 0.265 0.683 0.724
pRNFL_ST (um) 119.1433.7 118.6425.7 132.7423.0 0.928 0.145 0.323

RBON: retrobulbar optic neuritis; RNFL: retinal nerve fibre layer; p1: RBON eye v fellow eye; p2: RBON eye v control eye; p3: fellow eye v control eye, *significant p

value.

Table 4. CVI results of patients and controls.

Variables RBON eye Fellow eye Control eye

(n=20) (n=20) (n=20) p1 b2 p3
CVI (%) 67.912.3 68.311.3 69.813.3 0.323 0.042 0.070
TCA (mm?2) 4.1+1.2 4.0+0.9 2.3+0.5 0.469 <0.001* <0.001*
LA (mm?) 2.810.8 2.840.6 1.610.4 0.575 <0.001* <0.001*
SA (mm?) 1.310.5 1.310.3 0.7£0.2 0.338 <0.001* <0.001*
LA/SA (%) 0.48+0.05 0.4610.02 0.4440.07 0.240 0.047 0.102

CVI: choroidal vascularity index, TCA: total choroidal area, LA: luminal area, SA: stromal area, p1: RBON eye v fellow eye; p2: RBON eye v control eye; p3: fellow eye

v control eye, *significant p value.

The eyes with RBON and the other eyes were the only ones
whose VEP and VF test results were compared. The ampli-
tude of the P100 wave and the implicit timing and ampli-
tude of the N75 wave did not significantly differ between the
eyes with RBON and the other eyes. Although the eyes with
RBON showed a longer implicit time for the P100 wave (p
= 0.019), this difference did not reach statistical significance.
There was no significant difference in visual field (VF) be-
tween eyes with RBON and control eyes (Table 2).

The RBON eye had alower average peripapillary retinal nerve

fiber layer thickness (pPRNFL_T) than the control eye (59.8
wm vs. 69.6 um), but the difference was not statistically sig-
nificant (p = 0.045). The RBON, fellow, and control eyes did
not differ significantly in average pRNFL thickness across dif-
ferent sectors (Table 3).

CVI of the eyes with RBON was significantly lower than that
of the control eye (67.9% vs. 69.8%, p < 0.001); however, the
difference between the RBON and fellow eyes (p = 0.042) did
not reach statistical significance. TCA, LA, and SA of the eyes
with RBON were significantly lower in comparison to the fel-
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Figure 2. This sequence of images illustrates the process of image bi-
narisation using ImageJ software. (A) The total peripapillary choroidal
area was determined using the polygon tool in ImageJ software. (B)
The image was then converted to an 8-bit image and autolocal thresh-
olding was applied. (C) The Niblack method was selected to obtain a
clear segmentation of the choroidal black and white areas. (D) Finally,
the binarized image was converted back to an RGB image.

low normal eye (all p values < 0.001). The LA/SA ratio was
lower in RBON eyes than in controls, but the difference was
not statistically significant (Table 4).

A post-hoc power analysis was conducted to evaluate if the
sample size was sufficient to detect group differences in pCVL
The mean pCVI values were 67.9% in RBON eyes, 68.3% in
fellow eyes, and 69.8% in control eyes, with standard devia-
tions of 2.3, 1.3, and 3.3, respectively. A one-way ANOVA
was used to assess differences among the three groups. Based
on these values, the calculated effect size (Cohen’s f) was 0.44,
indicating a moderate-to-large effect. With a sample size of
20 participants per group and a significance level (o) of 0.05,
the probability of committing a Type II error (3) was approx-
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imately 0.155. Accordingly, the achieved statistical power was
84.5%, surpassing the conventional threshold of 80% required
for adequate power. These findings suggest that the study
was sufficiently powered to detect statistically significant dif-
ferences in pCVI among groups, thereby reinforcing the ro-
bustness of the reported outcomes.

B DISCUSSION

We aimed to elucidate the role of the choroidal vasculature in
the pathophysiology of RBON by evaluating pRNFL thick-
ness and pCVI in patients with RBON, fellow eyes, and
control eyes. Our results showed a decrease in both tempo-
ral pRNFL thickness and pCVI in eyes with RBON com-
pared with fellow and control eyes; however, these differences
did not reach statistical significance. Although this trend
may point to possible structural and vascular involvement in
RBON, the lack of statistical significance limits the strength
of this interpretation. The observed reduction in temporal
pRNFL thickness may indicate the potential involvement of
the papillomacular bundle. Nonetheless, the significant de-
cline in BCVA in RBON eyes supports a functional impact
on visual acuity, possibly reflecting a combination of inflam-
matory and microvascular processes.

The function of peripapillary choroidal microvasculature
dropout (MvD) in individuals with optic neuritis was exam-
ined in a recent study by Lee et al. [11]. According to their
research, MvD was more prevalent in the temporal quadrant
and was detected in 41.7% of eyes with optic neuritis. Our
findings of weakening of the temporal pRNFL in eyes with
RBON are comparable to this one. In his study, during the
6-month follow-up, a smaller ganglion cell inner plexiform
(GCIP) layer thickness was strongly correlated with the occur-
rence of MvD. MvD-affected eyes also exhibited reduced tem-
poral quadrant peripapillary retinal vascular density. These
results imply that MvD is linked to structural disturbance of
the macular GCIP in patients with optic neuritis, which may
result in poor visual prognosis. Notably, our results and those
of Lee et al. [11] demonstrate how crucial the choroidal vas-
culature in the pathophysiology of these conditions.

According to a different study by Lee etal. [12], glaucomaand
compressive optic neuropathy share MvD, but they present
and have different characteristics. In particular, MvD was
found in the temporal inferior and superior sectors of the tem-
poral peripapillary sector in glaucoma and compressive optic
neuropathy. In addition, MvD development in compressive
optic neuropathy was linked to a notable decrease in RNFL
thickness and retinal vascular density, which were not ob-
served in glaucoma.

Balci et al. [13] reported a mean macular CVI of 59.6% in af-
fected eyes compared with 61.7% in unaffected eyes in patients
with MS who had an optic neuritis attack, suggesting that
their attacks may lead to choroidal vascular damage. How-
ever, it is important to note that Balci et al found a reduction
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in macular CVTin affected eyes compared with unaffected fel-
low eyes, but not in healthy controls.

The fact that MS is commonly associated with optic nerve
inflammation [14]. The condition is typically character-
ized by brain lesions characterized by CD8" T-cell-mediated
inflammatory demyelination [15]. Perivascular accumula-
tions of activated complement proteins and immunoglob-
ulins are typically present within these affected lesions [16]
In addition, perivascular infiltration by myelin oligodendro-
cyte glycoprotein-laden macrophages and CD4" T cells has
also been observed in these lesions [16,17] Numerous OCT-
Angio studies have shown reduced macular superficial capil-
lary plexus vessel density in MS patients, suggesting that this
may be due to reduced oxygen and metabolite demand sec-
ondary to neuroaxonal degeneration and pRFNL and GCIP
atrophy [18]. However, other investigators have suggested
that MS- or ON-induced inflammation has a direct effect on
endothelial dysfunction [19]. Interestingly, previous stud-
ies have shown that changes in retinal vascular density share
the same characteristics as reduced blood flow in cerebral MS
lesions [20,21] This overlap highlights the potential impor-
tance of our findings regarding the choroidal vasculature in
RBON, as it suggests that the vascular changes we observed
may reflect global vascular changes.

One of our study’s weaknesses is the small number of pa-
tients, which could limit the broad applicability of our find-
ings. Larger cohort studies are necessary in the future to con-
firm and broaden our findings. In addition, our inability to
perform a sectoral analysis of the pCVT is a notable limita-
tion. Incorporating a pretreatment and posttreatment analy-
sis of pCVI could provide valuable insight into the treatment
effect on choroidal changes. Future research should consider
a sectoral approach to pCVT to identify sector-specific varia-
tions indicative of RBON. These steps are critical for advanc-
ing our understanding of RBON and may open avenues for
novel therapeutic strategies by more thoroughly exploring the
vascular aspects of this condition.

B CONCLUSION

In conclusion, our study demonstrated a reduction in pCVI
and visual acuity in eyes affected by RBON compared with
control eyes, supporting the potential role of vascular dys-
function in the disease process. Although reductions in tem-
poral pRNFL thickness and fellow-eye pCVI were observed,
these difterences did not reach statistical significance. These
findings suggest that choroidal vascular alterations, alongside
inflammatory mechanisms, may contribute to the pathophys-
iology of RBON and warrant further investigation in larger
cohorts.
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