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Figure 1  (A) Tumour tissues were segmented corresponding to the
retinal layers between the internal limiting membrane and the retinal
nerve fibre layer as shown in the B-scan of OCTA. (B) Area of blood
vessel network absence was determined as the area of avascular region
in an en face plane image of the OCTA with Heidelberg Eye Explorer
software. OCTA, optical coherence angiography.

layers between the internal limiting membrane and the retinal
fibre layer of the tumour were segmented and examined in order
to include the tumour tissue (figure 1A).” The area of BVN
absence was defined and measured as the area of avascular region
in an en face plane image of the OCTA, which was constructed
from all of the OCTA signals in the retinal layer using OCTA
using Heidelberg Eye Explorer software (figure 1B). Complete
BVN tumour was defined as a tumour without any regions of
vascular discontinuity. Incomplete BVN tumour was defined
as a tumour with at least one region of vascular discontinuity
or absence of vascularity. For correlation of BVN absence area
with respect to the location of visual field defect, the location of
neuroretinal rim of the optic disc that was compromised by the
development of ODM was analysed using fundus photography,
infrared image from OCT and OCTA image, and was compared
with the respective visual field data. Visual field was classified
accordingly: enlarged blind spot only, nasal step, early arcuate-
like defect, advanced arcuate-like defect, total, and non-specific
scotoma,'” ¥

We performed all statistical analyses using SPSS software V.22.
Fisher’s exact test was used to determine the association between
the presence of BVN absence and whether specific ocular finding
was present. The median and IQR (25%-75%) of each tumour
area were calculated. Mann-Whitney U test was used to eval-
uate the significance of difference in the tumour area between
complete and incomplete BVN groups, as well as the difference
in visual field parameters between the two groups. Student’s
t-test was used to determine the significance of difference in
tumour thickness between complete and incomplete BVN
groups. Wilcoxon signed rank test was used to determine the
significance of difference in change in area of BVN absence over
1 year. Linear regression models were constructed to evaluate
the relationship between area of BVN absence and tumour area,
as well as those areas with perimetric indices. P values of <0.05
were considered statistically significant.

RESULTS

Table 1 summarises the clinical profiles of the patients. The
median age at diagnosis was 51.5 years (range: 18-65 years).
Eighteen (56%) of the patients were female. All cases of ODM
were unilateral, with 17 (53%) cases in the right eye and 15
(47%) cases in the left eye. Sixteen patients (50%) had initial
visual acuity of 20/20. The rest of the 16 patients (50%) had
visual acuity from 20/40 to below 20/20. In each eye with
ODM, the tumour appeared as a pigmented mass located on

Table 1 Clinical features of 32 patients with optic disc
melanocytoma
Feature Patients
Gender, n (%)
Male 14 (44)
Female 18 (56)
Age (years)
All patients, median (range) 51.5 (18-65)
Male patients, median (range) 55.5 (33-65)
Female patients, median (range) 49 (18-64)
Involved eye, n (%)
Right 17 (53)
Left 15 (47)
Associated systemic findings, n
HTN 7
DM 2
Moyamoya 1
Aortic aneurysm 1
Lipoma 1
Visual acuity, n (%)
20/20 16 (50)
20/40, below 20/20 16 (50)
Below 20/40 0(0)
BVN formation, n (%)
Complete 16 (50)
Incomplete 16 (50)
Associated ocular findings, n in complete/n in incomplete
BVN group
Optic disc oedema 417
Peripapillary subretinal fluid 073
Exudates 3/5
RVO 0/0
Hypofluorescence on FA, n in complete/n in incomplete 3/12
BVN group

Leakage through vessels within the tumour, n in complete/n 5/8
in incomplete BVN group
Tumour thickness (mm)

All patients, mean=SD (range) 1.19+0.47 (0.37-2.21)
1.44+0.42 (0.70-2.21)

0.94+0.38 (0.37-1.50)

Incomplete BVN group, mean+SD (range)
Complete BVN group, mean=SD (range)

BVN, blood vessel network; DM, diabetes mellitus; FA, fluorescein angiography;
HTN, hypertension; RVO, retinal vein obstruction.

the optic disc. OCTA revealed complete BVN formation in 16
(50%) of the tumours. Regarding the associated ocular find-
ings, optic disc oedema was detected in four (25%) eyes in the
complete BVN group and seven (44%) eyes in the incomplete
BVN group (p=0.458, Fisher’s exact test). Peripapillary subret-
inal fluid (SRF) was not detected in the complete BVN group
but was detected in three (19%) eyes of the incomplete group
(p=0.226, Fisher’s exact test). Exudates were detected in three
(19%) eyes in the complete BVN group and five (31%) eyes
in the incomplete BVN group (p=0.685, Fisher’s exact test).
Neither group showed retinal vein obstruction. Hypofluores-
cence was observed in 3 (19%) eyes in the complete BVN group
and in 12 (75%) eyes in the incomplete BVN group (p=0.004,
Fisher’s exact test). Dye leakage on FA was observed in five eyes
(31%) in the complete BVN group and in eight eyes (50%) in the
incomplete BVN group (p=0.280, Fisher’s exact test). The mean
tumour thickness of 32 patients was 1187.75+465.43 um. The
mean tumour thickness between the complete and incomplete
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Figure 2 Linear regression model of the tumour area and the area
of BVN absence on optical coherence tomography angiography. The
slope and R? were 0.36 and 0.31, respectively (y=0.36x-+0.46, R?=0.31,
p=0.02). BVN, blood vessel network.

BVN groups was significantly different (939.38+376.71 and
1436.13£417.33, p=0.001; Student’s t-test).

The combined tumour area among all 32 patients was 3.70
mm? (IQR 2.19-6.88). The tumours with complete BVN forma-
tion were smaller than those with incomplete BVN formation
(2.58 mm?, IQR 1.55-4.86, and 6.01 mm?, IQR 2.92-10.11,
respectively; p=0.005, Mann-Whitney U test). The linear regres-
sion of the area of BVN absence on the tumour area had a slope
of 0.36 and an R? of 0.31 (p=0.02, figure 2).

Three out of 16 eyes (19%) with complete BVN formation
showed hypofluorescence throughout the FA examination.
Twelve out of 16 eyes (75%) with incomplete BVN formation
showed hypofluorescence throughout the FA examination. FA
results were missing for three patients who had complete BVN
formation and two patients who had incomplete BVN forma-
tion. In all of the patients with incomplete BVN formation who
showed FA hypofluorescence, the location of hypofluorescence
matched the location of BVN absence on OCTA (figure 3A-D).
In addition, the location of BVN absence on OCTA corre-
sponded to the location of visual field defect revealed by the
perimetry data in 13 of 16 patients (81%) (figure 3E).

Table 2 shows visual fields of 32 cases. In the complete BVN
group, seven cases (44%) did not show any visual field defect. In
this group, the numbers of cases with nasal step, enlarged blind
spot, non-specific scotoma and early arcuate-like defect were
four (25%), two (13%), two (13%) and one (6%), respectively. In
the incomplete BVN group, the most frequent visual field defects
were early arcuate-like defect (five cases, 31%) and advanced
arcuate-like defect (five cases, 31%), followed by enlarged blind
spot only (two cases, 13%), nasal step (two cases, 13%), non-
specific scotoma (one case, 6%) and total defect (one case, 6%).
There was no case in the incomplete BVN group without any
visual field defect.

In patients with complete BVN formation, the mean devia-
tion (MD), pattern SD (PSD), and Visual Field Index (VFI) were
—2.67 dB (IQR —3.23 to —0.22), 1.79 dB (IQR 1.44-3.54)
and 98.50% (IQR 96.25-99.75), respectively. The overall MD,
PSD and VFI values in the patients with incomplete BVN forma-
tion were —5.50 dB (IQR —12.35 to —1.95), 5.06 dB (IQR
2.435-12.41) and 92.00% (IQR 71.00-96.00), respectively.
The overall MD, PSD and VFI values were significantly different
between the patients with complete BVN formation and the
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Figure 3  Fundus photography, FA, ICGA and OCTA images of one patient with ODM. (A) Fundus photography showing pigmented lesion at
superonasal side of the optic disc. (B) OCTA image showing absence of blood vessel network in the superior region of optic disc. (C) FA showing
hypofluorescence in the area of ODM. (D) ICGA showing no vessels or leakage in the area of ODM. (E) Visual field data showing inferior visual field
defect; the superonasal field defect noted in pattern deviation probability map is attributed to inferotemporal capillary dropout within peripapillary
atrophy (arrowheads, B). FA, fluorescein angiography; ICGA, indocyanine green angiography; OCTA, optical coherence tomography angiography;

ODM, optic disc melanocytoma.
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Table 2 Visual fields of 32 patients with optic disc melanocytoma

Feature Patients P value

Visual fields, n in complete/n in incomplete BVN group (%)

No visual field defect 7 (44)/0 (0) 0.007
2(13)/2(13)  >0.999
4(25)2 (13) 0.654
1(6)/5 (31) 0.172
0(0)/5 (31) 0.043
2(13)1(6)  >0.999
0(0)/1 (6) >0.999

Enlarged blind spot only
Nasal step

Early arcuate-like defect
Advanced arcuate-like defect
Non-specific scotoma

Total defect

BVN, blood vessel network.

patients with incomplete BVN formation (p=0.006, 0.005 and
0.001, respectively; Mann-Whitney U test).

Among the patients with incomplete BVN formation, the
linear regression of MD on the area of BVN absence had a slope
of —2.18 and an R? of 0.39 (p=0.01, figure 4A). The linear
regression of VFI on the area of BVN absence had a slope of
—7.25 and an R? of 0.48 (p=0.003, figure 4B). Among the
patients with incomplete BVN formation, the linear regres-
sion models showed non-significant relationships between the
tumour area and MD or VFI (p=0.09 for both; figure 4C,D).
The linear regression of PSD on the area of BVN absence as well
as the tumour area was not significant.

DISCUSSION

We evaluated how the degree of BVN absence, detected by
OCTA, affected the degree of visual field defect in patients with
ODM. We used the OCTA results to group the patients with
ODM into two groups with complete and incomplete tumour
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Figure 4 (A) Linear regression model of the area of BVN absence
and the MD. The slope and R* were —2.18 and 0.39, respectively
(y=-2.18x-2.41, R?=0.39; p=0.01). (B) Linear regression model of
the area of BVN absence and the VFI. The slope and R? were —7.25
and 0.48, respectively (y=—7.25x+100.53, R?=0.48; p=0.003). (C)
Linear regression model of the tumour area and MD in patients with
incomplete BVN formation. The slope and R? were —1.01 and 0.19,
respectively (y=—1.01x—2.21, R?=0.19; p=0.09). (D) Linear regression
model of the tumour area and VFl in patients with incomplete BVN
formation. The slope and R? were —3.01 and 0.19, respectively
(y=—3.01x+98.96, R?=0.19; p=0.09). BVN, blood vessel network; MD,
mean deviation; VFI, Visual Field Index.

BVN formations, respectively. The incidence of findings such as
optic disc oedema, peripapillary SRF, exudates and hypofluores-
cence in FA was higher in the incomplete BVN group, but it was
not significantly different between the two groups except for the
incidence of hypofluorescence in FA. Seventy-five per cent of
the tumours with incomplete BVN formation showed hypoflu-
orescence on FA at the same location where OCTA indicated
that BVN was absent. In contrast, only 19% of tumours with
complete BVN formation showed hypofluorescence within the
tumour on FA. The tumours with incomplete BVN formation
were larger and thicker on average than those with complete
BVN. Moreover, linear regression showed a positive relationship
between the area of BVN absence and the tumour area.

Classification of visual fields showed that there were statisti-
cally different visual field defects between complete and incom-
plete BVN groups (table 2). In the complete BVN group, 7
cases (44%) did not feature any visual field defect, whereas all
16 cases in the incomplete BVN group had some form of visual
field defect (p=0.007, Fisher’s exact test). In the incomplete
BVN group, both early arcuate-like and advanced arcuate-like
visual field defects were detected in five cases (31%), respec-
tively. Advanced arcuate-like visual field defect was not detected
in any of complete BVN cases (p=0.043, Fisher’s exact test),
whereas early arcuate-like visual field defect was detected in one
complete BVN case (p=0.172, Fisher’s exact test). In sum, there
was a general tendency for the incomplete BVN group to present
greater visual field defect than the complete BVN group.

A number of studies reported types of visual field defects
detected in patients with ODM. One previous study of 20 patients
with ODM who underwent Goldmann perimetry showed that
10% had normal visual fields. Abnormal visual fields (90%)
included enlarged blind spot only (40%), nasal step (10%), rela-
tive nerve fibre bundle defects (20%) and absolute arcuate defect
(20%).® In another study of 10 patients with ODM who under-
went Goldmann perimetry, visual fields consisted of normal
(10%), enlarged blind spot only (20%) and other forms of visual
field defect (70%).” In our study, visual fields of entire 32 cases
consisted of no visual field defect (22%), enlarged blind spot
only (13%), nasal step (19%), early arcuate-like defect (19%),
advanced arcuate-like defect (16%), non-specific scotoma (9%)
and total defect (3%). These data showed that 78%-90% of
ODM cases feature some form of visual field defect. In addi-
tion, our study showed a similar general pattern of visual field
defects with one study.® However, some disparities may arise
from different methods of perimetry (Humphrey vs Goldmann
perimetry) as well as difference in the number of cases enrolled.

The location of BVN absence, as shown by OCTA, corre-
sponded to the location of visual field defect in 81% of the
patients with incomplete BVN formation. A previous study
examined the relationship between severe visual field defects
and BVNs in five patients with ODM and reported associations
among the area of visual field defect, the position of the tumour
and the absence of BVN.” The authors of that study used laser
speckle flowgraphy to show that even a patient with marginal
visual field impairment had circulation disorder in the optic disc
tissue. Our OCTA data showed that impaired BVN formation
was associated with visual field defects in patients with ODM.
Due to the low incidence of ODM, many previous ODM studies
were either case reports or studies with a small number of cases.
We believe this study enrolled the largest number of cases for
evaluating ODMs using OCTA. The relatively large dataset in
our study made it possible to show that the degree of impairment
of intratumoural BVN development was positively associated
with the degree of visual field defect. Regarding the location
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of BVN absence within tumour, our data showed that 6 of 16
cases (38%) showed BVN absence for the entire tumour area,
and 4 of 16 cases (25%) showed BVN absence in the centre of
the tumour. The rest of the cases (six cases, 38%) showed the
heterogeneous location of BVN within the tumour. In addition,
we were not able to find statistical significance on the association
between the location of the tumour within the optic disc and the
presence of BVN absence (online supplemental table 1).

When we compared the visual fields, represented by MD, PSD,
and VFI values, between patients with complete and incomplete
BVN formations, the patients with incomplete BVN formation
showed a greater degree of visual field defect. Linear regression
analyses showed that MD and VFI were significantly associated
with the area of BVN absence but not with the tumour area.
PSD was not significantly associated with either the area of BVN
absence or the tumour area. We attribute this difference to the
property of PSD, which is a metric to detect localised loss. PSD
is known to increase in the early stages of visual field defect, but
after reaching a certain point where there is severe damage, the
PSD once again starts decreasing.'”*! We included one outlier
(box plot not shown) in our data, which was the data point
with the largest area of BVN absence shown in figure 4A,C.
Excluding this data point would lead to loss of statistical signif-
icance in linear regression analyses between MD and VFI data
with respect to the area of BVN absence. However, the eye that
corresponded to this data point showed the most extensive BVN
absence among 32 eyes. Since it is not common to find such
extensive tumour in rare tumours, such as ODMs, we believe
that including this data point in the analysis provides important
insight on how extensively ODMs can affect the patient’s visual
field. Optic disc oedema is known to be associated with blind
spots.”> 3 Although blind spot enlargement was noted in all of
our cases with optic disc oedema (four cases in the complete
BVN group and seven cases in the incomplete BVN group), there
was no significant linear correlation between the area of optic
disc oedema and all of the three visual field parameters in both
incomplete and complete BVN formation groups (all p>0.05).

Though the size and location of BVN on OCTA are associated
with visual field defect in ODM, precise mechanism of visual
field defect is not completely understood. Previous studies inves-
tigated the meaning of incomplete BVN on OCTA as well as
the mechanism of visual field defect in patients with ODM. A
number of studies reported that location of visual field defects
in ODM corresponded to the region of retinal nerve fibre layer
(RNFL) thinning.'® ?* % These studies attributed RNFL damage
to ischaemic and compressive axonal loss from compression by
ODM. In another study, extension of pigmented tumour beyond
the boundary of the disc approximated the enlargement of the
blind spot.® Although no case of retinal vein or artery occlusion
or signs of ischaemic optic neuropathy (visual loss and optic disc
oedema with hyperemia or peripapillary splinter haemorrhage)
were observed in our study, studies show that ischaemic processes
such as central retinal vein occlusion, central retinal artery occlu-
sion and ischaemic optic neuropathies can occur secondary to
ODM.’ 228 Previously, compression of nerve fibres and distur-
bance of microcirculation in the optic disc head caused by the
tumour were suggested as underlying mechanisms of visual field
defects.” ¥ Jain et al attributed attenuated signals on OCTA to
vessel absence or very densely packed cells.'* Correlation study
between OCT features and pathology showed that ODMs can
exert compression on the optic nerve and infiltrate into the optic
nerve, the retina, as well as the choroid.”” Our data suggest that
BVN disturbance following tumour compression on optic nerve
or infiltration to adjacent tissue is another important source of

visual field defects. Obscuration of vessels may signify absence
of vasculature or very densely packed cells, as well as posterior
extent of the tumour.'* Accordingly, we believe absence of BVN
on OCTA is a useful indicator of impairment in tumour vascu-
larity, which potentially resulted from ischaemic necrosis in the
tumour or vascular compression by the tumour.” Decrease in
perfusion from impaired vasculature may lead to RNFL thin-
ning, ischaemic change in the optic nerve and eventually to
visual field defect as was demonstrated in ODM as well as other
disease related to the optic nerve.” ' *** 3% In a few of our cases,
relatively large tumours showed complete or nearly complete
BVN formation and caused little or no visual field impairment
(figure SA-E and online supplemental figure 1). These cases
did not show extensive visual field defect corresponding to
the location of ODM as in figure 3E, except nasal step in the
superonasal visual field in figure SE, which corresponded to the
area of damaged axon at the inferotemporal region of the optic
disc most likely from the compression of the tumour. Such data
suggest that the degree of BVN formation might be more rele-
vant than the tumour area to visual field defects in patients with
ODM. Further longitudinal study with quantification of RNFL
thinning and ganglion cell damage with respect to the degree of
BVN absence may provide additional insight into whether BVN
absence is associated with peripapillary RNFL thinning and
ganglion cell damage. In addition, pathological data comparing
BVN and tissue structure between incomplete and complete BVN
tumours would provide further insight into the mechanism of
BVN impairment and visual field defect in patients with ODM.

Previous studies comparing OCTA and FA data from ODM
showed that OCTA was superior to FA in visualising vascular
structure.” '* 1 Unlike FA, in which pigments block fluorescence
signal, OCTA is able to detect movement of erythrocytes within
blood vessels of ODM.'® Our study showed that the incomplete
BVN group showed more cases with hypofluorescence on FA
(p=0.004) than the complete BVN group, indicating that the
former group had greater region of dense pigmentation. Pene-
tration of OCTA can be limited by the thickness of the tumour,
and such limitation could result in artefacts.*’ According to one
previous study, OCTA operating at 840 nm wavelength could
visualise the full thickness of pigmented ODM in the range of
0.72-2.13 mm.** However, all of the tumours in this study were
evaluated with OCTA operating at 870 nm wavelength and
showed thickness within the above range except for only one
case, which showed a thickness of 2.21 mm. Therefore, most of
the tumour vasculature included in this study was well visualised
by OCTA.

Regarding the nature of BVN on OCTA, few studies suggested
that the BVN on ODM consisted of abnormal vasculature.'s ¢ 32
One study reported that tumour growth was correlated with
surface tumour vasculature from FA.* Although the BVN of
ODM is distinct from normal capillaries of the peripapillary
retina, BVN without dye leakage on FA may indicate tumour
blood vessels with tight adhesion of pericytes and vascular endo-
thelial cells.” In our study, the incomplete BVN group showed
more cases with dye leakage than the complete BVN group
without significance (p=0.280). Whether the presence of dye
leakage with respect to complete or incomplete tumour BVN is
associated with tumour growth and malignant change is a topic
of future research.

In patients with incomplete BVN, five eyes had OCTA data for
1 year after the initial visit. Four of five eyes showed increase in
the area of BVN absence over 1 year without statistical signifi-
cance (p=0.08). However, one eye with the largest increase in
area of BVN absence (25%) over 1 year showed largest increase
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Figure 5 Fundus photography, FA, ICGA and OCTA images of one patient with ODM. (A) Fundus photography showing pigmented lesion at

the inferonasal side of the optic disc. (B) OCTA image showing complete blood vessel network formation in the area of the ODM. (C) FA showing
hypofluorescence in most of the area of the ODM, which is located in the inferior region of the optic disc. (D) ICGA showing some retinal vessels in
the area of the ODM. (E) Visual field data showing a VFI of 96% and an MD of —2.89 dB. Nasal step in the superonasal field is attributed to the area
of damaged axon at the inferotemporal region of the optic disc, most likely from the compression of the tumour. FA, fluorescein angiography; ICGA,
indocyanine green angiography; MD, mean deviation; OCTA, optical coherence tomography angiography; ODM, optic disc melanocytoma; VF, Visual

Field Index.

in tumour area (149%). This case showed the possibility that a
rapidly growing tumour may accompany faster enlargement of
area of BVN absence.

The limitations of this study include small sample size, the
retrospective design and limited number of follow-up data. Addi-
tionally, some visual field defects cannot entirely be explained
by the location of BVN absence or tumour. We attribute super-
onasal field defect noted in pattern deviation probability map
(figure 3E) to inferotemporal capillary dropout within peripap-
illary atrophy (figure 3B).'® Although no case was previously
diagnosed with glaucoma or any other diseases that could affect
the visual field, whether these visual field defects originate from
ODM need further investigation. In the future, longitudinal
studies with larger sample sizes may provide further evidence to
explain the change in the visual field with respect to the change
in the area of BVN absence in ODM. In addition, studies on the
genetic composition of ODMs with respect to BVN formation
might shed light on how genetic differences can lead to differ-
ences in intratumoural vascular development.

This study presented a novel, non-invasive method of eval-
uating the effect of BVN absence on the visual field of patients
with ODM using OCTA. For the first time, we divided ODMs
into two groups according to the absence of BVN and showed
that the degree of visual field defect can change significantly in
association with the area of BVN absence. The location of BVN
absence within the tumours corresponded to the location of
hypofluorescence on FA as well as the location of the visual field
defect. Visual field defects were more severe in patients with
incomplete BVN formation than in those with complete BVN
formation. Our data provide evidence that the circulation within
ODM detected by OCTA, rather than the gross tumour area, is

more closely associated with visual field defect in patients with
ODM. The area of BVN absence may be more useful than the
tumour area as an indicator of the degree of visual field defect in
patients with ODM.
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