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SUMMARY
Introduction Optic neuritis (ON) is described as an inflammation of the optic nerve which leads to the 
sudden loss of vision taking place over the course of several hours or days. Optical coherence tomography 
angiography (OCT-A) is a non-invasive imaging tool which can be used for quantitative measurements 
of the microvascular changes in the retinochoroidal layers and optic nerve head. 
Outlines of cases We present two case reports of Serbian patients with unilateral ON whose macular and 
optic nerve head parameters were observed using OCT-A up to six months following initial diagnosis and 
the administration of corticosteroid therapy. Patient 1 was a 23-year-old female with ON in her right eye. 
Patient 2 was also a 23-year-old female with ON in her right eye. Retinal nerve fiber layer thickness and 
the radial peripapillary capillary plexus density were significantly lower in the affected vs. healthy eyes in 
both whole image scan area and optic nerve head (p < 0.05). Central macular thickness was significantly 
lower in the affected vs. healthy eyes (p < 0.05). Both superficial capillary plexus (SCP) and deep capil-
lary plexus (DCP) vessel densities in the fovea were significantly lower in the affected vs. healthy eyes 
(p < 0.05). SCP vessel density was also lower in the macula of the affected eyes (p < 0.05). Significant 
differences related to the size of foveal avascular zone and selected flow area were not found (p > 0.05).
Conclusion ON leaves permanent structural changes which can be detected using OCT-A even in pa-
tients with fully recovered visual acuity. Therefore, OCT-A should be included more in our daily clinical 
practice since it can provide useful data for the prognosis of various neuro-ophthalmological diseases 
and conditions. 
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INTRODUCTION

Optic neuritis (ON) is described as an inflam-
mation of the optic nerve which leads to the 
sudden loss of vision taking place over the 
course of several hours or days [1]. It is mostly 
idiopathic; however, it can be associated with 
a wide range of conditions such as demyelinat-
ing lesions, autoimmune disorders, infectious 
and inflammatory conditions, trauma, vascular 
insufficiency, metastases, toxins, or nutritional 
deficiencies [2]. Optical coherence tomogra-
phy angiography (OCT-A) (Figures 1 and 2) 
is a non-invasive imaging tool which enables 
high-resolution imaging of the bloodstream in 
various layers of the retina, generating three-
dimensional images, therefore allowing quan-
titative measurements of the microvascular 
changes in the retinochoroidal layers and optic 
nerve head [3].

Here we present two case reports of young 
female patients with unilateral ON whose 
macular and optic nerve head parameters were 
observed using OCT-A up to six months fol-
lowing initial diagnosis and the administration 
of corticosteroid therapy.

REPORTS OF CASES

Two female patients, both aged around 23 
years, presented to the University Clinical 
Centre of Serbia Eye Hospital due to the sud-
den loss of vision followed by pain during eye 
movement and reduced color vision in the 
right eye. No previous medical history was re-
ported. Patients were taking no medications. 
Upon admission, they underwent a complete 
ophthalmological examination and diagnosis. 
Best-corrected visual acuities (BCVA) were 
20/640 and 20/40 in the right, affected eyes, 
with both having 20/20 in the left, healthy eyes. 
The intraocular pressures were normal, ranged 
14–18 mmHg. Ocular movements were in full 
range but associated with pain. A relative affer-
ent pupillary defect was present in the affected 
eyes. The anterior segment examination was 
normal, without any pathological findings. The 
posterior segment examination showed a nor-
mal macula, peripheral retina, and optic nerve 
head in both patients. Visual field testing (VFT) 
of the affected eyes showed significant defects 
in all four quadrants. The systemic and neuro-
logical examinations were within normal lim-
its. Both patients received methylprednisolone 
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(1000 mg) in the form of pulse therapy intrathecally with 
gradual dose reduction. Significant recovery of BCVA in 
the affected eyes and reduction of defects in VFT were 
observed a few days following corticosteroid administra-
tion. Patients were discharged from the Clinic with oral 
prednisone therapy and scheduled for the first check-up 
one month after initial treatment.

A month later, at the first post-discharge check-up, 
OCT-A images of the macula and optic nerve head were 
captured for the first patient (Figure 1) as well as for the 
second patient (Figure 2) in both affected and healthy 
eyes using the AngioVue OCT-A system version 2017.1 
(Optovue Inc., Fremont, CA, USA). Parameters analyzed 
using OCT-A (Figures 2 and 4) were as follows: 1. central 
macular thickness (CMT), 2. foveal avascular zone (FAZ) 
size, 3. macular flow using the automatic “flow” analy-
sis function in a selected area of 3.144 mm2 centered on 
the fovea, 4. superficial (SCP) and deep capillary plexus 

(DCP) density in the macula (scanning area 6 × 6 mm 
centered on the fovea) and fovea, 5. retinal nerve fiber 
layer (RNFL) thickness (Figures 2 and 4), and 6. radial 
peripapillary capillary (RPC) plexus density in both af-
fected and healthy eyes (whole image and inside disc vessel 
density). Whole-image vessel density is calculated from the 
entire 4.5 × 4.5 mm scan field centered on the optic disc. 
Inside disc vessel density refers to the area inside an ellipse 
fitted to the optic disc boundary [4]. Both patients were 
followed during a period of six months. Regular check-ups 
were performed on a monthly basis with BCVA, VFT, and 
OCT-A of the macula and optic nerve head in both affect-
ed and healthy eyes being checked each time. The differ-
ences were tested using a paired-samples t-test. Statistical 
analysis was performed using IBM SPSS Statistics, Version 
21.0 (IBM Corp., Armonk, NY, USA), and the difference 
was considered significant if p < 0.05. All results are pre-
sented in Table 1 (mean ± standard deviation).

Table 1. Quantitative optical coherence tomography and optical coherence tomography angiography parameters of the affected and healthy 
eyes in two patients with unilateral optic neuritis

Parameters Affected eye (case 1)
(mean ± SD)

Healthy eye (case 1)
(mean ± SD)

Affected eye (case 2)
(mean ± SD)

Healthy eye (case 2)
(mean ± SD)

FAZ (mm2) 0.187 ± 0.004 0.199 ± 0.014 0.293 ± 0.020 0.283 ± 0.005
CMT (μm) 232.85 ± 3.976 242.28 ± 2.058 216.7 ± 1.253 229.28 ± 1.704
SCP vessel density in the macula (%) 38.987 ± 2.564 50.012 ± 3.132 46.714 ± 0.786 51.357 ± 2.702
SCP vessel density in the fovea (%) 16.163 ± 1.316 20.825 ± 2.526 12.312 ± 2.395 18.96 ± 1.957
DCP vessel density in the macula (%) 50.712 ± 8.952 55.425 ± 4.953 55.014 ± 2.554 53.501 ± 5.365
DCP vessel density in the fovea (%) 35.25 ± 4.198 41.47 ± 4.804 33.25 ± 1.168 37.47 ± 1.514
Selected flow area (mm2) 2.244 ± 0.059 2.259 ± 0.059 2.286 ± 0.057 2.313 ± 0.042
RPC density – whole image (%) 50.085 ± 2.432 58.171 ± 1.151 52.728 ± 2.002 57.814 ± 1.007
RPC density – PNO (%) 56.83 ± 3.973 63.72 ± 1.332 63.55 ± 2.597 61.157 ± 2.505
RNFL thickness (μm) 82.25 ± 5.47 124 ± 2.97 86.14 ± 4.18 120.14 ± 2.67

FAZ – foveal avascular zone; CMT – central macular thickness; SCP – superficial capillary plexus; DCP – deep capillary plexus; RPC – radial peripapillary capillary; 
PNO – papilla nervi optici; RNFL – retinal nerve fiber layer

Figure 1. Optical coherence tomography angiography (OCT-A) images 
of the first patient; images to the left (A, C) represent radial peripapil-
lary capillary vessel density of the right eye (A), left eye (C); images to 
the right (B, D) represent OCT-A macular superficial layer of the right 
affected eye B, and the left eye D

Figure 2. Optical coherence tomography angiography (OCT-A) im-
ages of the second patient; images to the left (A, C) represent radial 
peripapillary capillary (RPC) vessel density of right eye A, left eye C; 
images to the right (B, D) represent OCT-A macular superficial layer of 
the right affected eye B, and the left eye D
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We did not observe a significant difference related 
to the size of the FAZ (Patient 1: t(7) = 3.047, p > 0.05; 
Patient 2: t(6) = 1.332, p > 0.05) and selected flow area 
(Patient 1: t(7) = 1.074, p > 0.05; Patient 2: t(6) = 0.961, 
p > 0.05) in the affected vs. healthy eyes. However, CMT 
was significantly thinner in the affected vs. healthy eyes in 
both patients (Patient 1: t(7) = 8.496, p < 0.05; Patient 2: 
t(6) = 26.14, p < 0.05). Also, SCP vessel density was signifi-
cantly lower in both the macula (scanning area 6 × 6 mm) 
(Patient 1: t(7) = 6.705, p < 0.05; Patient 2: t(6) = 4.143, 
p < 0.05), and the fovea (Patient 1: t(7) = 4.224, p < 0.05; 
Patient 2: t(6) = 11.136, p < 0.05). DCP vessel density was 
significantly lower in the fovea of the affected eyes (Patient 
1: t(7) = 3.623, p < 0.05; Patient 2: t(6) = 6.073, p < 0.05). 
RPC plexus density (whole image) was significantly lower 
in the affected vs. healthy eyes (Patient 1: t(7) = 11.925, 
p < 0.05; Patient 2: t(6) = 5.768, p < 0.05). RPC plexus 
density of the optic nerve head was significantly lower 
in the affected vs. healthy eye in one patient (Patient 1: 
t(7) = 4.946, p < 0.05; Patient 2: t(6) = 1.522, p > 0.05). 
RNFL thickness was significantly lower in both patients 
in the affected vs. healthy eyes (Patient 1: t(7) = 20.714, 
p < 0.05; Patient 2: t(6) = 18.89, p < 0.05). During this pe-
riod of time, BCVA of the affected eyes showed complete 
recovery of 20/20 in both patients, and VFT results were 
far better compared to those done previously.

Ethics: Written informed consent was obtained from the 
patients for publication of this case report and any accom-
panying images.

DISCUSSION

In this study we investigated vascular parameters of the 
macula and optic nerve head using OCT-A in two young 
female patients with unilateral ON up to six months fol-
lowing initial diagnosis and the administration of corti-
costeroid therapy. Although BCVA in the affected eyes 
improved significantly, reaching 20/20 at the end of the 
follow-up period in both patients, permanent structural 
changes affecting different retinal layers and the optic 
nerve head were observed using OCT-A.

Previous studies have shown that although patients with 
a history of ON associated with multiple sclerosis (MS) did 
not have any functional visual loss, structural neurodegen-
eration could be demonstrated in the affected eye. RNFL 
thinning in the inferior or temporal sector was indepen-
dently associated with ON [5]. Recent studies have also 
indicated the importance of RPC plexus density reduction, 

as an early event in MS, which may be relevant as a po-
tential biomarker of disease pathology [6]. The reduction 
of SCP vessel density in both the macula and peripap-
illary region in relapsing-remitting MS individuals with 
or without ON, being more pronounced in ON patients, 
has also been demonstrated [7]. Another study showed 
that the vessel density of SCP is significantly lower in ON 
eyes of both MS and patients with neuromyelitis optica 
spectrum disorder (NMOSD) than in non-ON eyes, while 
the density of DCP is significantly higher in MS+ON and 
MS-ON patients compared to the healthy controls. The dif-
ference was not observed when comparing NMOSD+ON 
and NMOSD-ON patients with healthy controls [8]. ON 
may cause not only retinal structural damage, but also a 
decreased retinal perfusion, even in patients with good 
visual acuity following treatment for ON [9]. Other studies 
support these patterns of reduced retinal SCP vessel den-
sity which correlate with reduced visual function, longer 
disease duration, and higher levels of global disability in 
MS patients with ON history [10, 11].

Based on the results of our study, RNFL thickness and 
the RPC plexus density were significantly lower in the af-
fected vs. healthy eyes in both the whole-image scan area 
and optic nerve head. CMT was significantly lower in the 
affected vs. healthy eyes in both patients. Also, SCP and DCP 
vessel densities in the fovea were significantly lower in the 
affected vs. healthy eyes. Both patients showed significantly 
lower SCP vessel density in the macula of the affected eyes.

It can be concluded that even though visual acuity fully 
recovered following corticosteroid therapy, ON leaves per-
manent structural changes which can be detected using 
OCT-A. Therefore, OCT-A should be included more in 
our daily clinical practice since this powerful imaging tool 
can provide useful data for the prognosis of various neuro-
ophthalmological diseases and conditions. To the best of 
our knowledge, this is the first study designed to investigate 
vascular parameters of the macula and optic nerve head 
using OCT-A in patients with unilateral ON.
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САЖЕТАК
Увод Оптички неуритис представља запаљење оптичког 
нерва које доводи до наглог губитка вида, а развија се током 
неколико сати или дана. Оптичка кохерентна томографска 
ангиографија (OCT-A) неинвазивна је метода снимања која 
се може користити за квантитативно мерење микроваску-
ларних промена у ретинохориоидалним слојевима и глави 
оптичког нерва.
Приказ болесникâ Приказујемо два случаја из Србије. 
Код обе болеснице, старости 23 године, дијагностикован је 
оптички неуритис на десном оку и праћени су параметри 
макуле и главе оптичког нерва методом OCT-A током пери-
ода од шест месеци након постављања почетне дијагнозе и 
примене кортикостероидне терапије. Дебљина слоја нерв-
них влакана ретине и густина радијалног перипапиларног 
капиларног сплета биле су значајно ниже на захваћеном 
оку у поређењу са здравим, како на целокупно посматраној 
површини снимка, тако и у пределу главе оптичког нерва 

(p < 0,05). Централна дебљина макуле била је значајно мања 
на захваћеном оку (p < 0,05). Густина крвних судова повр-
шинског капиларног сплета и дубоког капиларног сплета 
у фовеи била је значајно нижа на захваћеном у односу на 
здраво око (p < 0,05). Густина крвних судова површинског 
капиларног сплета била је такође нижа у макули захваћеног 
ока (p < 0,05). Нису утврђене значајне разлике у величини 
фовеалне аваскуларне зоне нити у изабраном подручју 
протока (p > 0,05).
Закључак Оптички неуритис оставља трајне структурне 
промене које се могу открити методом OCT-A чак и код бо-
лесника са потпуно опорављеном видном оштрином. Сто-
га, OCT-A треба чешће укључивати у свакодневну клиничку 
праксу, јер може пружити драгоцене податке за прогнозу 
различитих неуроофталмолошких болести и стања.
Кључне речи: оптички неуритис; OCT-A; глава оптичког 
нерва; жута мрља; дебљина слоја нервних влакана ретине; 
густина крвних судова
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