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Abstract
Background Subretinal fluid is a risk factor for growth and malignant transformation of choroidal naevi, however it is
unclear if this applies to subclinical fluid that is only detectable by optical coherence tomography (OCT). The objective of
this study was to determine the prevalence and associations of subclinical but OCT-detectable subretinal fluid over
choroidal naevi.
Methods Cross-sectional study of 309 consecutive cases of choroidal naevi imaged by OCT between July 2017 to January
2019. Multicentre international study involving ten retinal specialist centres. All patients presenting to retinal specialists had
routine clinical examination and OCT imaging. The prevalence of subclinical OCT-detectable subretinal fluid over choroidal
naevi and its associations with other features known to predict growth and malignant transformation were noted and
analysed.
Results Of 309 identified consecutive cases, the mean patient age was 65 years, 89.3% of patients were Caucasian and 3.9%
were Asian. The prevalence of subclinical but OCT-detectable subretinal fluid associated with choroidal naevi was 11.7%
(36/309). Naevi with fluid were associated with larger basal diameters, greater thickness, presence of a halo, orange
pigmentation, hyperautofluorescence, and hypodensity on B-scan ultrasonography.
Conclusion and relevance Of choroidal naevi where subretinal fluid is not visible on clinical examination, 11.7%
demonstrate subretinal fluid on OCT scans. These naevi more commonly exhibit features known to be associated with
growth and transformation to melanoma. The presence of subclinical OCT-detectable fluid over choroidal naevi may assist
in their risk stratification.

Introduction

Choroidal naevi are the most common intraocular tumours
and are commonly found incidentally on fundus exam-
ination. They are mostly benign, asymptomatic, pig-
mented lesions with the majority located in the post-
equatorial fundus and can be found in up to 6.5% of the

Caucasian population [1]. The risk of malignant trans-
formation is low, ~1 in 4800 to 1 in 8845 naevi annually
in Caucasians [2, 3]. Diagnosis of choroidal melanoma
can be difficult as there are extensive overlapping features
between naevi and melanoma. Features associated with
choroidal naevi thought to be predictive of growth into
melanoma include: greater thickness > 2 mm (on ultra-
sound), subretinal fluid (SRF), photopsia, symptomatic
vision loss, orange pigment, hyperautofluorescence, mar-
gin touching or within 3 mm of the optic disc, tumour
diameter > 5 mm on photography and naevus hollowness
on ultrasound [4–7]. Early detection of malignancy is
generally associated with a better prognosis for patients as
it facilitates early intervention. The prognosis of choroidal
melanoma is poor, with a 5-year mortality of ~30% [8, 9].
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In the past, studies assessing SRF around choroidal naevi
were based purely on ophthalmoscopic clinical examination.
Initially SRF was identified as a risk factor for growth of
choroidal naevi, but over time this appears to have been
interpreted as a risk factor for malignant transformation due to
the strong association between growth and malignancy [6].
Since the introduction of optical coherence tomography
(OCT), it has been possible to identify small volumes of SRF
that are not visible clinically. A 2005 study by Shields et al.
[10] detected clinically visible SRF in 16% and OCT-
detectable SRF in 26% of a cohort of 120 naevi, suggesting
that 10% of patients without SRF on clinical examination had
OCT-detectable SRF. This study used time-domain (Zeiss
Stratus) rather than spectral-domain (SD)-OCT and may
therefore have underestimated the true prevalence of OCT-
detectable SRF. A more recent study in 2019 by Shields et al.
[7] demonstrated SD-OCT detectable SRF in 9% of choroidal
naevi. Furthermore, the presence of such fluid at the apex and
within 3 mm of the naevus demonstrated a statistically sig-
nificant association with transformation into melanoma.
However, this study did not exclude or report the number of
patients with clinically detectable fluid. Other previous studies
that have analysed SRF detectable by OCT in choroidal naevi
also did not specifically exclude patients with clinically
detectable SRF [7, 10–12].

To our knowledge there has been no study that has
determined the prevalence of cases where SRF associated
with choroidal naevi is only detectable by OCT and not
identified by clinical examination. It therefore remains
unclear if subclinical, ‘OCT-detectable only’ SRF confers
the same risk for malignant transformation. In this paper we
determine the prevalence of such cases and attempt to
identify differences in other risk factors for progression to
melanoma between naevi with and without OCT-
detectable fluid.

Materials and methods

This was an international, multi-centre cross-sectional study
of consecutive choroidal naevi seen between July 2017 and
January 2019 seen across 10 retinal sites. Institutional
review board (IRB) approval was obtained through the
individual IRBs at the participating institutes. This research
adhered to the tenets of the Declaration of Helsinki and
informed consent was obtained by all patients.

Inclusion and exclusion criteria

All consecutive cases of clinically diagnosed choroidal
naevi that could be adequately imaged with OCT were
included. Both pigmented and amelanotic choroidal naevi
were included. The diagnosis of a choroidal naevus was left

to the discretion of the ophthalmologist, all of whom are
trained in retinal and choroidal diseases. Cases were
excluded if:

● There was clinically-detectable SRF (on slit-lamp or
indirect ophthalmoscopy).

● There was concern the lesion might be a melanoma or
other lesion. This included any lesions with a B-scan
ultrasound measured apical thickness of over 3.0 mm.

● A clear OCT scan could not be obtained (e.g., media
opacity or if the lesion was too anterior).

● There was evidence of choroidal neovascularisation
based on clinical examination (subretinal haemorrhage,
hard exudate), OCT-angiography, or fluorescein
angiography.

Data collection

For eligible patients, the following data were collected from
the medical charts: age, ethnicity, laterality, visual acuity
(converted from Snellen to LogMAR for statistical analysis)
and presence or absence of symptoms. Clinical features of
the choroidal naevi that were recorded included maximum
basal diameter (measured from fundus photographs using
digital callipers), the level of pigmentation (pigmented,
partially pigmented, amelanotic), presence of a halo, pre-
sence of orange pigmentation and if lesion was <3 mm from
optic disc.

Imaging

Spectral-domain or swept-source OCT imaging of the chor-
oidal naevi was performed with one of the following: Cir-
rus™ HD-OCT 5000, Zeiss PLEX Elite 9000, Carl Zeiss
Meditec AG, Jena, Germany; Spectralis HRA+OCT, Hei-
delberg Engineering GmbH, Heidelberg, Germany; Avanti,
Optovue, Fremont, USA or 3D OCT-2000, Topcon, Tokyo,
Japan. Horizontal and vertical rasters were performed through
the lesion. The following were recorded on OCT: SRF
maximal depth, SRF maximal horizontal diameter (on hor-
izontal rasters), SRF maximal vertical diameter (on vertical
rasters), choroidal naevus thickness (if measurable on
enhanced depth-OCT or swept source-OCT), and the pre-
sence or absence of drusen. When the naevus was larger than
the length of the OCT raster scans, attempts were made to
scan the apex and base of the lesion to avoid missing SRF.
Fundus autofluorescence (Visucam 524 Fundus imaging, Carl
Zeiss Meditec, HRA+OCT, Heidelberg Engineering GmbH
or California, Optos® PLC, Dunfermline, UK) was recorded
of the naevus itself and the immediately surrounding fundus if
this was abnormal. This was categorised as hyper/iso/hypo- or
mixed autofluorescence according to the highest amount of
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autofluorescence present. On B-scan ultrasonography (Eye
Cubed, Ellex, Adelaide, Australia) the presence of SRF,
echodensity and naevus thickness if measurable, were

recorded. An example of a choroidal naevus included in the
study and the multi-modal imaging analysis is shown in
Fig. 1.
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Prevalence was determined by calculating the percentage
of choroidal naevi with OCT-detectable fluid. Choroidal naevi
with and without OCT-detectable fluid were compared with
regards to other risk factors known to be associated with a
higher risk of malignant transformation. Statistical analysis
was performed using IBM SPSS v23.0. Correlation between
categorical variables were computed using Pearson’s χ2 test
while correlation between categorical and continuous vari-
ables were calculated using the Mann–Whitney U test.
Regarding continuous variables, in comparison of age, the
assumptions of equal variance and normal distribution were
valid, so T-test was used to compare the means. In the
comparison of diameter and thickness on ultrasound, both
assumptions were not valid, therefore the non-parametric
Mann-Whitney U test was used to compare the means.

Results

In total, 309 consecutive cases of choroidal naevi were
identified and scanned with OCT. The mean age was 65
years (range, 11–94 years, SD: 15.0). The majority of
patients were Caucasian (89%, 276/309). The mean log-
MAR (logarithm of the minimal angle of resolution) visual
acuity was 0.08 (20/24) (median, 0.00 (20/20), range, −0.18
(20/13) – 2.00 (CF)). Out of the 309 choroidal naevi, 11.7%
(36/309) exhibited SRF only on OCT images and not oph-
thalmoscopy. No fluid was visible on B-scan in any case.
Patient demographics are shown in Table 1 and history,
examination, and imaging features of interest in Table 2.

The vast majority of naevi were asymptomatic regardless
of fluid status. 4% (12/309) of total cases exhibited symp-
toms, three of such cases had fluid on OCT (8%, 3/36)
versus nine cases of naevi without fluid (3%, 9/273). The
most commonly reported symptoms were decreased visual
acuity (33%, 4/12), blurred vision (25%, 3/12), and head-
ache (17%, 2/12). Regarding subretinal fluid, the mean and
ranges of the maximal depth, horizontal diameter, and
vertical diameters were 98 µm (9–609 µm), 1830
(133–5575 µm) and 1713 µm (82–4776 µm) respectively.

Naevi with fluid were significantly larger (mean diameter
5.0 mm, range 1.6–10.0 mm) than those without fluid (mean
3.45 mm, range 1.0–12.0 mm) (p < 0.001). Naevi with fluid
were also thicker (mean 1.78 mm, range, 0.0–2.8 mm on B-
scan; mean 961 µm, range 266–1676 µm on OCT) com-
pared to those without fluid (mean 1.29 mm, range, 0.0–2.9
mm on B-scan; mean 490 µm, range 130–2290 µm on OCT)
(p= 0.002 for B-scan, p < 0.001 for OCT).

Orange pigmentation was more commonly found in
naevi with fluid (11%) compared to those without 3% (p
= 0.018). A halo was present on clinical examination in
15% of naevi with fluid on OCT versus 3% without fluid
(p= 0.001). Autofluorescence imaging was able to be
captured in 266 eyes. Of these, naevi with subclinical
OCT-detectable fluid were more likely to be hyperauto-
fluorescent (15%) compared to naevi without fluid (4%)
(p= 0.008). Of 258 patients in whom B-scan ultra-
sonography was performed, cross-tabulation of naevi
showed those with OCT-detectable fluid were more likely
to be hypodense compared to naevi without fluid (p=
0.001).

Pigmentation pattern, presence of drusen, and location in
relation to the optic nerve was not statistically different in
naevi with and without OCT-detectable fluid.

Discussion

Our study found that in 11.7% of cases of naevi where the
clinician deemed there was no SRF, there was in fact subtle
SRF visible on OCT alone. Naevi with fluid detectable on
OCT were larger, thicker, more likely to demonstrate orange
pigmentation, exhibit a halo, be hyperautofluorescent and
demonstrate hypodensity on B-scan ultrasound. These fac-
tors, with the exception of halo presence, have previously
been identified as risk factors for growth and malignant

Fig. 1 Multimodal imaging of a choroidal naevus. a Ultrawide field
pseudocolour image (California, Optos® PLC, Dunfermline, UK)
showing a pigmented choroidal naevus temporal to the macula. There
is no clinical SRF, orange pigment or drusen. b There is a circular pool
of hyperautofluorescence immediately inferonasal to the naevus. c
Horizontal OCT rasters over the naevus were used to identify the
maximal depth (white double ended arrow) and maximal horizontal
diameter (yellow double-ended arrow) of SRF. d Vertical OCT rasters
over the naevus were used to identify the maximal depth (white double
ended arrow) and maximal vertical diameter (yellow double-ended
arrow) of SRF. e Enhanced-depth imaging OCT outlines the posterior
margin of the naevus for thickness calculation (double ended arrow). f
B-scan ultrasonography shows the lesion to be hypodense and allows
for further thickness calculation.

Table 1 Prevalence of optical coherence tomography-detectable
subretinal fluid associated with choroidal naevi demographics and
features in 309 eyes of 309 patients.

Features Patients (n= 309)

Age, mean (median, range), years 65 (67, 11–94)

Ethnicity

White 89.3% (276)

Asian 3.9% (12)

Unknown 6.8% (21)

Eye

Right 55.3% (171)

Left 44.7% (138)

Visual Acuity mean (median, range), logMAR 0.08 (0.00, −0.18–2.00)

Subretinal Fluid on OCT

Yes 11.7% (36)

No 88.3% (273)
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transformation [4]. Tumour size with respect to thickness and
largest basal diameter has been shown to be the greatest risk
factor for malignant transformation [13]. Hyperauto-
fluorescence as an identifiable risk factor for growth could
partially be attributable to the inherent appearance of sub-
retinal fluid and orange pigmentation [14]. Although the
findings of halo associated with OCT fluid was statistically
significant, it was only present in a very small proportion of
lesions and therefore is of questionable clinical significance.
There was no significant difference in terms of cases of
symptomatic patients, pigmentation, drusen absence, and
lesion distance to the optic disc.

Previous studies have suggested that retinal changes could
be identified to distinguish between ‘active’ and ‘inactive’
subretinal fluid. Photoreceptor morphology on the retina, such
as ‘shaggy photoreceptors’ as described by Shields et al. [15].
may indicate the associated SRF is of active nature. Active

SRF was suggested to be associated with transformation to
melanoma whilst inactive fluid has been attributed to chronic
retinal pigment epithelial and retinal changes found over
stable naevi [11]. However, a recent study by Yaghy et al.
[16] demonstrated retinal changes caused by subretinal fluid
associated with choroidal naevi followed a set longitudinal
evolutionary course. Photoreceptor morphology was initially
normal but transitioned to ‘shaggy’ then ‘retracted’ then
absent the longer SRF was present. It was concluded that
using photoreceptor morphology as an indicator for SRF
chronicity had no correlation with naevus growth into mela-
noma [16]. As such, we did not assess photoreceptor mor-
phology in this study.

The pathogenesis of subretinal fluid itself is unclear
despite its clinical significance as a risk factor for malignant
transformation. A recent study by Yu et al. [17] proposed
that the presence of SRF was due to the mass effect of the
nevus resulting in choriocapillaris compression, subsequent
extravasation of SRF in combination with retinal pigment
epithelium dropout leading to accumulation of subretinal
fluid. It is suggested that SRF itself is not an independent
risk factor for malignant transformation rather it is a sign of
nevus growth itself. The true significance of subretinal fluid
with respect to naevi and melanoma however has yet to be
discerned and further research must be done.

This study has several limitations. The sample size is
modest. As other retinal conditions were not excluded, visual
acuity and symptoms could not necessarily be directly
attributed to the naevi. The presence of SRF in itself is
associated with hyperautofluorescence which in turn is asso-
ciated with orange pigment, regardless of the risk of malig-
nant transformation [14, 18]. All the investigators were retinal
specialists, and the data may be affected by referral bias with
lesions identified being larger or more concerning than those
seen by optometrists or general ophthalmologists. There is
inherent selection bias with the included choroidal naevi
having to be posterior enough to obtain an adequate OCT
scan. In studies by Shields and colleagues, 9% of naevi were
found to be located anterior to the equator (equator to ora
serrata) [5, 19]. However no difference was found in rates of
melanoma transformation between naevi located between the
macula and equator versus anterior to the equator [5]. His-
topathological confirmation that all the included tumours were
naevi was not feasible due to the morbidity associated with
biopsy, sampling error due to tumour heterogenicity and
potential for tumour seeding of any choroidal melanoma [20].
Nevertheless, we feel confident that the cohort of patients
represented naevi and not melanoma, based on the strict
exclusion criteria. Lesions greater than 3.0 mm thickness on
B-scan ultrasonography and indeterminate or concerning
lesions for melanoma were excluded. In addition, the pre-
valence of choroidal naevi is much greater than melanoma.

Table 2 Comparison of findings between naevi with and without
subretinal fluid in 309 eyes of 309 patients.

Findingsa Patients

Subretinal fluid
(n= 36)

No subretinal fluid
(n= 273)

P value

Symptoms p= 0.147

Present (n) 8% (3) 3% (9)

Absent (n) 92% (33) 97% (263)

Diameter mean, (mm) (range) 5.0 (1.6–10.0) 3.45 (1.0–12.0) p < 0.001

Thickness on B scan mean,
(mm) (range)

1.8 (0.0–2.8) 1.3 (0.0–2.9) p= 0.002

Thickness on OCT mean,
(µm) (range)

961 (266–1676) 490 (130–2290) p < 0.001

Pigmentation p= 0.753

Pigmented (n) 86% (31) 90% (245)

Partially Pigmented (n) 8% (3) 8% (20)

Amelanotic (n) 6% (2) 3% (7)

Orange Pigmentation p= 0.018

Present (n) 11% (4) 3% (8)

Absent (n) 89% (32) 97% (263)

Drusen p= 0.638

Present (n) 42% (14) 38% (102)

Absent (n) 58% (19) 62% (165)

Lesion < 3 mm from optic disc p= 0.905

Yes (n) 36% (13) 37% (101)

No (n) 64% (23) 63% (171)

Halo p= 0.001

Present (n) 15% (5) 3% (8)

Absent (n) 85% (28) 97% (264)

Autofluorescence

Hyper-autofluorescent (n) 15% (5) 4% (9) p= 0.008

Iso-autofluorescent (n) 3% (1) 57% (133)

Hypo-autofluorescent (n) 27% (9) 17% (40)

Mixed 56% (19) 22% (50)

Echodensity

Hypodense (n) 14% (4) 2% (5) p= 0.001

Isodense (n) 29% (8) 61% (141)

Hyperdense (n) 57% (16) 37% (84)

aOf patients with recordable data.
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The mean age-adjusted incidence of uveal melanoma is 5.1
million with 90% of these cases being choroidal melanoma
whereas the prevalence of choroidal naevi ranges from 1.4%
to 6.5% depending on the population profile [21–23]. Finally,
although we have been able to determine the prevalence of
OCT-detectable SRF with respect to choroidal naevi, we do
not know if this fluid is stable or changes with time. Further
prospective studies are planned to track the choroidal naevi to
determine if the volume of fluid changes, or if those with
OCT-detectable SRF have a higher rate of conversion to
melanoma than those without OCT-detectable SRF.

In summary, choroidal naevi demonstrate small amounts
of SRF detectable by OCT in 11.7% of cases even when this
is not visible on clinical examination. Naevi with this
subclinical OCT-detectable fluid tend to be larger in dia-
meter, thicker, have a halo, demonstrate orange pigment,
exhibit hyperautofluorescence and be hypodense on B-scan
ultrasonography. Most of these features are associated with
naevus growth and malignant transformation. The objec-
tivity and higher sensitivity of detecting SRF on OCT
compared with clinical examination means that this imaging
modality should be routinely used to stratify risk and
monitor choroidal naevi for malignant transformation.

Summary

What was known before

Subretinal fluid is a risk factor for malignant transformation
of naevi to melanoma, this fluid was previously detected
clinically or on optical coherence tomography.
It is unclear whether this risk factor still applies for fluid
that is undetectable on clinical examination and only
visible on OCT.

What this study adds

Prevalence of subclinical subretinal fluid detectable only
by optical coherence tomography associated with
choroidal naevi.
Associations of subclinical OCT-detectable subretinal
fluid with other features known to increase risk of
malignant transformation.
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