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Introduction. To analyze the morphological and functional features of choroidal neovascularizations (CNVs) in eyes affected by
pattern dystrophies (PD), evaluating their long-term response to intravitreal ranibizumab, and comparing them with CNVs in
age-related macular degeneration (AMD). *e mean goal is to identify possible disease biomarkers and to evaluate the long-term
prognosis of CNVs in PD.Materials andMethods. A retrospective study of 42 patients with näıve CNV (26 PD and 16 AMD), for a
total of 47 eyes (29 eyes in the PD group and 18 eyes in the AMD group). Each patient received a loading dose of ranibizumab (one
monthly for three months) followed by pro re nata (PRN) reinjection protocol for a period of at least three years. Morphological
OCT parameters (CRT, central retinal thickness; SRF, subretinal fluid; IRF, intraretinal fluid; SHRM, subretinal hyperreflective
material; HRF, hyperreflective foci; HCD, hyperreflective crystalline deposits; cCT, central choroidal thickness; slCT, sublesional
choroidal thickness; EZd, ellipsoid zone disruption; and best corrected visual acuity (BCVA in logMAR scale)) were reported at
baseline and last follow-up. Results. At baseline, no significant differences were found between the two groups, except for choroidal
thickness parameters that were significantly greater in the PD group (p � 0.009). Longitudinal PD analysis demonstrated re-
duction in BCVA (p � 0.009), decrease in CRT (p � 0.046), resolution of SRF in 61.6% of cases (p � 0.004) and SHRM in 30%
(p � 0.034), and choroidal thinning both centrally (p � 0.004) and sublesional (p � 0.011) compared to baseline. At 3 years, the PD
group received significantly more injections than the AMD (p � 0.011) and showed significantly thicker choroid (p � 0.033) and
more frequent HRF (p � 0.006). Regarding the PD group, we found a negative correlation between age and choroidal thicknesses
at baseline and at 3 years (p< 0.05); significant positive correlations were found between baseline BCVA and at 3 years (p< 0.001),
BCVA at 3 years and IRF (p � 0.003) and SHRM at 3 years (p � 0.003); CRT baseline and CRT 3 years (p � 0.017); HCD at 3 years
was associated with greater CRT (p � 0.04) and IRF at 3 years (p � 0.019). Conclusions. Early and long-term morphofunctional
features of CNVs in PD and in AMD are overlapping. CNVs in PD have poorer long-term response to ranibizumab and higher
choroidal thickness suggesting different pathogenetic and evolutionary mechanisms.

1. Introduction

Pattern dystrophies (PD) are a group of hereditary macular
diseases characterized by the accumulation of lipofuscin
material at the level of the retinal pigment epithelium (RPE).
Based on the different RPE alteration patterns, five different
subtypes of PD have been identified [1]: adult-onset
foveomacular vitelliform dystrophy (AOFVD), butterfly-
shaped dystrophy, reticular Sjogren dystrophy, and

multifocal pattern dystrophy simulating fundus flavimacu-
latus and fundus pulverulentus.

*e evolution of PD has been considered erroneously
benign for a long time, probably due to their clinical,
phenotypic, and demographic features, determining their
frequent misdiagnosis with more frequent and known
macular diseases, above all age-related macular degeneration
(AMD). Today, we know that 42% of the affected subjects
will develop severe and irreversible visual damage due to the
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atrophic (26%) or neovascular (18%) complications [2].
However, the etiopathogenetic bases, the morphological
features, and the treatment indications and response are
controversial.

*is retrospective study aims to analyze the morpho-
logical and functional characteristics of choroidal neo-
vascularizations (CNVs) in eyes affected by PD, evaluating
their long-term response to intravitreal ranibizumab, and
comparing them with CNVs in AMD. *e mean goal is to
identify possible disease biomarkers and to evaluate the
long-term prognosis of CNVs in PD compared to con-
ventional AMD.

2. Materials and Methods

We collected data from 42 patients with näıve CNV, of
which 26 with PD and 16 with AMD, for a total of 47 eyes
including 29 eyes in the PD group and 18 eyes in the
conventional AMD group. *e PD group included 20
subjects affected by adult-onset foveomacular vitelliform
dystrophy (23 eyes), 6 with butterfly-shaped dystrophy (6
eyes), and 2 with reticular dystrophy (2 eyes). Each patient
received a loading dose of ranibizumab (one monthly for
three months) followed by pro re nata reinjection protocol
for a period of at least three years. Patients who had pre-
viously received any treatment for CNV were excluded, as
well as subjects who switched to any other anti-VEGF drug
during the follow-up period. We also excluded patients
affected by other macular diseases, recent anterior or pos-
terior segment surgery, cataract surgery during the follow-
up period, and positive or negative spherical refractive error
>6 diopters. *is study adhered to the Tenets of the Dec-
laration of Helsinki and complied with the Health Insurance
Portability and Accountability Act of 1996. *is study was
approved by the institutional review board (IRB) committee.

All patients underwent a complete eye exam, including
best corrected visual acuity (BCVA), anterior and posterior
segment examination, fundus autofluorescence (FAF),
fluorescein (FA), indocyanine green angiography (ICGA),
and optical coherence tomography (OCT). All data were
evaluated by two independent retina experts, and in doubtful
cases, a third senior expert was consulted. *e diagnostic
criteria for PD included the (a) absence of drusen on fun-
duscopic examination; (b) absence of any focal RPE ele-
vation compatible with drusen on OCT b scans and showing
hyperfluorescence on FAF and FA; (c) the presence of RPE
alterations of any type from focal hyperreflective thickening,
RPE attenuation, to more extensive RPE alterations de-
tectable through clinical examination, FAF, and OCT b
scans; and (d) if present, the vitelliform material accrual was
visible at OCT b scans as subretinal material at medium to
high reflectivity and hyperfluorescent at FAF.

Morphological and functional data were reported at
baseline and after a three years follow-up. BCVA was
measured using the logMAR scale. Morphological param-
eters were collected through SD-OCT Heidelberg Spectralis
(software version 5.4.7.0; Heidelberg Engineering, Ger-
many). OCT scans were acquired with a vertical and hori-
zontal 100 frames enhanced depth imaging (EDI) single line

centered on the fovea and 20×15° (5.8× 4.3mm) rectangular
scan raster centered on the fovea consisting of 25 high-
resolution lines each comprising an average of 50 acquisi-
tions. *e “baseline” scan was used as a reference for all the
following images acquired in the “follow-up” mode, in order
to ensure reproducibility of the method. At time 0 and at 3
years, we evaluated the following parameters: central retinal
thickness (CRT, automatically measured by the software),
subretinal fluid (SRF, presence/absence), intraretinal fluid
(IRF, including cystic formations, excluding tubulation
phenomena, presence/absence), subretinal hyperreflective
material (SHRM, defined as the hyperreflective material
located between the neuroretina and the anterior lamina of
RPE [3], presence/absence), hyperreflective crystalline de-
posits (HCD, diagnosed in OCT as single or multiple highly
reflective lines between the RPE and Bruch’s membrane [4].
On near-infrared reflectance, HCD appeared as intensively
reflective plaques [5], presence/absence), hyperreflective foci
(HRF, diagnosed in OCT as small and well-circumscribed
hyperreflective particles in the outer retinal layers. In fundus
color photography, they could appear as hard exudates; no
alterations in fluorescein angiography, presence/absence),
central choroidal thickness (cCT, manually measured as the
distance between the outer edge of the hyperreflective line of
Bruch’s membrane and the inner surface of the chorioscleral
junction at the level of the foveola), sublesional choroidal
thickness (slCT, manually measured as the distance between
the outer edge of the hyperreflective line of Bruch’s mem-
brane and the inner surface of the chorioscleral junction at
the level of the center of the neovascular formation), and
ellipsoid zone disruption (EZd, diagnosed in OCT as dis-
appearance of ellipsoid zone, presence/absence). Each pa-
rameter was evaluated according to the judgment of two
independent expert operators.

*e data analysis was conducted using both descriptive
and inferential statistics. For the descriptive statistics,
quantitative and qualitative variables were used and ana-
lyzed according to a general linear model. Quantitative data
were reported as mean± standard deviation, and distribu-
tion normality was verified by the Shapiro–Wilk normality
test. For the inferential statistic, significant differences be-
tween groups or intragroups were tested using the t test for
unpaired or paired data, respectively.

*e chi-square test was used to compare patient cate-
gorical variables, while the Wilcoxon test was chosen to
evaluate changes in the nominal variables over time. *e
analysis of the relationships between variables was con-
ducted using Spearman’s tau coefficient. In all cases, p values
less than 0.05 were considered statistically significant. Each
analysis was conducted using the SPSS statistical program
(ver. 25; SPSS, Inc., Chicago, IL., USA).

3. Results

3.1. Between-Groups Baseline Analysis before Treatment.
Baseline demographic characteristics were assimilable be-
tween groups for age (years; PD: 74.62± 6.35; AMD:
75.22± 7.44; p � 0.32), sex (% female/male; PD: 61.1/38.9;
AMD: 62.1/37.9; p � 0.95), and months of follow-up (PD:
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40.72± 3.27; AMD: 40.11± 2.72; p � 0.55). Functional and
morphological parameters of both groups were collected at
the baseline (Table 1). At baseline, the visual acuity (p � 0.13)
and the CRT (p � 0.13) were similar between the PD and
AMD groups. Furthermore, no significant differences were
found between the two groups in terms of the presence of
SRF (X2 � 0.39; p � 0.53), IRF (X2 � 2.29; p � 0.13), SHRM at
baseline (X2 � 0.03; p � 0.87), and HRF at baseline (X2 �1.09;
p � 0.30). At this time, HCD were not detected in any of the
groups. *e choroidal thickness parameters were

significantly greater in the PD group than in AMD
(cCT+ 49.47 µm and slCT+ 55.12 µm both with p � 0.009).

3.2. In-Group Longitudinal Long-Term Analysis before–after
Treatment. At 3 years of follow-up, all the parameters
considered at the baseline were reevaluated to identify any
evolutions and correlations (Tables 1 and 2). In particular,
the PD group demonstrated significant reduction in BCVA,
considered as increasing of logMAR value (p � 0.009), de-
spite a significant decrease in central retinal thickness (CRT
variation pp� 0.046), with the resolution of SRF in 61.6% of
cases (Z� −2.89; p � 0.004) and SHRM in 30% (Z� −2.12;
p � 0.034). *ere were no significant changes in IRF
(Z� −0.63; p � 0.53) and HRF (Z� −1.6; p � 0.1). *e
presence of HCD was detected in 3 cases, but it does not
satisfy the significance criteria, despite an encouraging trend
(Z� −1.73; p � 0.08). *e choroid showed significant thin-
ning both centrally (cCT V: p � 0.004) and sublesional (slCT
V: p � 0.011) compared to baseline. Furthermore, no sig-
nificative variation was observed in ellipsoid zone disruption
(p � 0.21).

In the AMD group, the BCVA was substantially stable
at 3-year compared to the initial value (p � 0.4). *e CRT
also showed no significant changes (p � 0.25), despite a
significant reduction in the presence of SRF (Z � −2.53;
p � 0.01) and HRF (Z � −2.53; p � 0.011). *e reduction in
IRF (Z � −0.45; p � 0.65) and SHRM (Z � −0.33; p � 0.74)
was also not significant, as was the appearance of HCD in
a single case (Z � −1.0; p � 0.32). Similar to the PD group,
a significant decrease in cCTwas detected (p � 0.012), and
no significant variation of the ellipsoid zone integrity was
detected (p � 0.08). However, unlike the PD group, the
AMD subjects did not show a similar thinning of the slCT
(p � 0.4).

Table 1: PD and AMD parameters at baseline and after 3 years.

Baseline 3 years
PD AMD p value PD AMD p value

LogMAR, mean± SD 0.55± 0.15 0.72± 0.44 0.13 0.86± 0.66 0.85± 0.58 0.95
CRT, µm, mean± SD 413.66± 92.54 431.56± 142.39 0.13 365.90± 135.28 374.61± 162.27 0.85
SRF (%) 89.66 83.33 0.53 55.2 38.9 0.28
IRF (%) 31.03 44.44 0.35 37.9 38.9 0.95
SHRM (%) 69.0 66.7 0.87 48.3 61.1 0.39
HRF (%) 96.55 88.89 0.3 82.8 44.4 0.006
HCD (%) 0 0 - 10.3 5.6 0.57
cCT, µm, mean± SD 214.14± 79.13 164.67± 45.81 0.009 186.66± 78.20 146.06± 48.33 0.033
slCT, µm, mean± SD 211.44± 85.27 156.33± 53.07 0.009 183.52± 89.18 151.33± 58.08 0.14
EZd (%) 55.17 66.7 0.43 68.96 83.33 0.27
INJ N, mean± SD — — — 8.72± 1.16 7.28± 2.54 0.011
PD, pattern dystrophies; AMD, age-related macular degeneration; LogMAR, visual acuity; CRT, central retinal thickness; SRF, subretinal fluid; IRF,
intraretinal fluid; SHRM, subretinal hyperreflective material; HRF, hyperreflective foci; HCD, hyperreflective crystalline deposits; cCT, central choroidal
thickness; slCT, sublesional choroidal thickness; EZd, ellipsoid zone disruption; SD, standard deviation; µm, micrometer. *e chi-square test is for
quantitative data, and the unpaired-t test is for qualitative data.

Table 2: Longitudinal analysis.

PD AMD

Variation p

value Variation p

value
LogMAR,
mean± SD 0.31± 0.6 0.009 0.13± 0.65 0.4

CRT, µm,
mean± SD −47.75± 123.07 0.046 −56.94± 204.28 0.25

SRF (%) −61.6 0.004 −53.3 0.011
IRF (%) 22.1 0.52 −22.1 0.65
SHRM (%) −30 0.034 −12.5 0.74
HRF (%) −14.3 0.1 −50.0 0.011
HCD (%) 10.3 0.08 5.6 0.32
cCT, µm,
mean± SD −27.48± 47.26 0.004 −18.61± 27.88 0.012

slCT, µm,
mean± SD −27.93± 55.27 0.011 −5.0± 24.39 0.4

EZd (%) 13.79 0.21 16.63 0.08
PD, pattern dystrophies; AMD, age-related macular degeneration; Log-
MAR, visual acuity; CRT, central retinal thickness; SRF, subretinal fluid;
IRF, intraretinal fluid; SHRM, subretinal hyperreflective material; HRF,
hyperreflective foci; HCD, hyperreflective crystalline deposits; cCT, central
choroidal thickness; slCT, sublesional choroidal thickness; EZd, ellipsoid
zone disruption; SD, standard deviation; µm, micrometer. *e chi-square
test is for quantitative data, and the unpaired-t test is for qualitative data.
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3.3. Between-Groups Long-Term Analysis after Treatment.
*e final analysis of the two groups allowed us to compare
the long-term response to intravitreal ranibizumab. *e first
interesting finding is that the PD group received significantly
more injections than the AMD (p � 0.011). Despite this, the
final BCVA between the two groups was similar (p � 0.95),
as well as the CRT (p � 0.85) and the persistence of SRF
(X2 �1.18, p � 0.28), IRF (X2 � 0.004, p � 0.95), SHRM
(X2 � 0.74, p � 0.39), and HCD (X2 � 0.33, p � 0.57). A highly
significant difference was found in the presence of HRF,
more frequent in the PD group (X2 � 7.50; p � 0.006). Fi-
nally, the cCTof the PD group was significantly thicker than
the AMD group (p � 0.033); therefore, the cCT variance did
not differ between groups (p � 0.21).

3.4. PD In-Group Quantitative and Qualitative Correlations.
Each quantitative and qualitative parameter was cross-com-
pared to each other, but only the most clinically relevant
correlations were reported. Analyzing the PD group, we found a
negative correlation between age and cCTat baseline and cCTat
3 years (respectively, R� −0.46, p� 0.012; R� −0.58, p � 0.001)
and also showed in the sublesional measurements slCT baseline
and slCTat 3 years (respectively,R� −0.41,p � 0.027;R� −0.51,
p � 0.004).Moreover, we found a significant positive correlation
between BCVA at baseline and at 3 years (R�+0.64; p<0.001)
and between BCVA at 3 years (considered as logMAR value)
and the presence of IRF (R�+ 0.53, p � 0.003) and SHRM at 3
years (R�+0.54, p � 0.003). Interestingly, we noticed no cor-
relation between BCVA 3 years and SRF 3 years (R� −0.28,
p � 0.14), whereas the CRT baseline and CRT 3 years showed a
positive correlation, with R�+0.44 and p � 0.017. However,
except for the correlations between CRTand SHRM at baseline
(R�+0.54, p � 0.003) and SRF 3 years-cCT 3 years (R�+0.44,
p � 0.016), none of the morphological parameters considered
showed a predominant role in influencing the CRT in the PD
subgroup. *e presence of SHRM at baseline correlated not
onlywith theCRTbaseline but alsowith the presence of IRF at 3
years (R�+0.37, p � 0.048) and SHRM 3 years (R�+0.50,
p � 0.005). Of note, the presence of HCD at 3 years was as-
sociated with greater CRT (R�+0.38, p � 0.04) and IRF at 3
years (R�+0.44, p � 0.019).

On the AMD group, we observed positive correlations
between choroidal thickness parameters longitudinally, cCT
baseline-cCT 3 years (R�+0.83, p<0.001), slCT baseline-slCT
3 years (R�+0.91, p<0.001) but also cCT baseline-slCT
baseline (R�+0.80, p<0.001), cCT 3 years-slCT 3 years
(R�+0.86, p<0.001). Contrariwise to the PD group, no cor-
relations were found between choroidal thickness and age: cCT
at baseline-age (R� −0.33, p � 0.18) and cCT 3 years age
(R� −0.27; p � 0.27). *e final BCVA (logMAR at 3 years) was
associated with the presence of SHRM at 3 years (R�+0.62,
p � 0.007), as seen in the PD subgroup. *e CRT baseline
increased with the presence of IRF baseline (R�+0.49,
p � 0.039), while after 3 years, it was influenced by the presence
of both SRF (CRT 3 years-SRF 3 years:R�+0.63,p � 0.005) and
HRF (R�+0.56, p � 0.016). In this regard, the increasing SRF at
3 years was strongly accompanied by the presence of HRF
(R�+0.66, p � 0.003).

4. Discussion

*e clinical and morphological features of the two groups
were similar at baseline exhibiting no differences in visual
acuity, central macular thickness, subretinal or intraretinal
fluid, subretinal material, and hyperreflective crystalline
deposits, with the only exception of choroidal thicknesses.
*e PD subgroup showed thicker choroidal thicknesses both
centrally and underneath the neovascular lesion at baseline
ad at last follow-up. *ese findings appear to be comparable
with similar but not analogous findings already present in
the literature.

In fact, while Palacios et al. in 2016 demonstrated a
comparable choroidal thickness between PD patients and
healthy population [6], Coscas et al. highlighted how
subjects with wet AMD had thinner choroids compared
to adult-onset foveomacular vitelliform dystrophy
(AOFVD) not yet complicated by CNV, indicating a
possible role in the differential diagnosis [7]. Grenga et al.
confirmed these findings and observed a progressive
increase in the choroidal thickness based on the evolutive
stage of the not yet neovascular disease, assuming a
possible prognostic and pathogenetic role of the choroid
in the AOFVD [8]. In this regard, our data show a
moderate agreement between choroidal thickness and
subretinal fluid at last follow-up. *is correlation was not
observed in the AMD group; therefore, this finding may
suggest the possible role of choroidal hyperpermeability
in sustaining the subretinal fluid often present even
without detectable neovascularization in AOFVD [9–12].

It is reasonable to hypothesize that the variation in
choroidal thickness based on the evolutionary stage may
represent a compensatory mechanism for the elimination of
vitelliform/lipofuscin material by the hypertrophic pigment
epithelium. *erefore, it would be plausible that the
thickening of the outer retinal vessels in the Haller layer
could cause secondary damage to the overlying chorioca-
pillaris network, triggering ischemic phenomena responsible
for subsequent neovascularization. *is may represent an
alternative pathogenic mechanism in contraposition to the
AMD, where the progressive choroidal thinning is mainly
related to aging [13]. Our data confirm the progressive
choroidal thinning over time in the AMD group, as pre-
viously reported in the literature [14, 15]. In AMD eyes, the
choroid and the choriocapillaris present progressive thin-
ning inducing ischemic alterations of the microcirculation,
similar to other vascular systemic diseases (e.g., athero-
sclerosis and cerebrovascular insufficiency). In the PD eyes,
despite a progressive choroidal thinning similar to the AMD
group, likely due to aging and/or bevacizumab treatment,
the choroid remained thicker through the 3 years of follow-
up. *is finding further corroborates the different role of the
choroid in driving the development of macular complica-
tions in such cases.

*e baseline visual acuity was similar in both groups;
however, while the PD group had very homogeneous
values among the enrolled subjects (logMAR baseline:
mean � 0.55; SD � 0.15), the AMD group showed
markedly greater variability (mean � 0.72; SD � 0.44). *e
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visual acuity after 3 years showed clearly more similar
values compared to the initial data: logMARPD (mean-
� 0.86; SD � 0.66); logMARAMD (mean � 0.85;
SD � 0.58). In fact, the longitudinal evaluation of the PD
group demonstrated a significant loss of vision over the 3
years, while the functional progression in the AMD group
was not significant.

Based on the arguments, our data suggest that CNVs in
AMD and PDmay have different evolution trends, as already
partially demonstrated in the literature [16]. Another in-
teresting finding is that both groups, AMD and PD, showed
worse visual acuity at 3 years when subretinal hyperreflective
material and, but only in the PD group, intraretinal fluid
were present. A comparison with other intravitreal medi-
cations would be required, in order to evaluate differences in
terms of functional and morphological responses.

With regard to the therapeutic response of the PD group, it
is also interesting to observe that the average lowering of visual
acuity is unexpectedly associated to a significant improvement
inmorphological parameters, such as central macular thickness,
presence of fluid and subretinal hyperreflective material, and
ellipsoid zone integrity but with persistence of hyperreflective
intraretinal foci. *e AMD group, on the other hand, shows
greater volubility in the variation of the central thickness, de-
spite the resolution of subretinal fluid in more than 50% of the
subjects, associated to a reduction of hyperreflective foci. In this
regard, it is interesting to observe that in the AMD group, the
permanence of subretinal fluid and hyperreflective foci are
associated with each other and with a higher central retinal
thickness.

It is important to underline that a good short-term
morphofunctional response of CNVs in PD is commonly
reported in literature [17–19]. Many long-term follow-up
studies, on the other hand, confirm a morphological im-
provement, nevertheless emerging divergences in terms of
functional recovery [16, 20]. *is apparent difference be-
tween functional and morphological features could depend
on several factors, for example, the trend of these lesions to
early damage the photoreceptors that were already suffering
due to the presence of accumulation of vitelliform material
and/or dysfunction of the EPR; an alternative explanation is
the greater tendency to fibrosis than conventional CNVs.
*is point would deserve further investigation with other
observational studies with adequate follow-up time.

Another noteworthy aspect is the presence of hyper-
reflective crystalline deposits.*ese cholesterol-based crystalline
formations [5] were not observed in any patient at baseline, but
appeared only in the long term, in double (albeit not significant)
percentages in the PD group compared to AMD. Furthermore,
in the PD group, HCD was associated with the permanence of
intraretinal fluid and the final central macular thickness, con-
firming and integrating their already known nature of the
negative prognostic factor, demonstrated to date in relation to
the dry forms of AMD [4, 21]. Furthermore, their presence
could represent a further point in support of the greater ten-
dency to atrophic evolution of the disease; this evidence was also
observed in the course of avascular lesions, such as drusenoid
detachments of the retinal pigment epithelium.*is could open
a new scenario for the treatment of CNV associated with PD,

which should not be “overtreated” to avoid a further atrophic
effect. In fact, we reported a higher number of injections at 3
years in the PD group. One of the possible reasons for over-
treatment lies in the hypothesis that a part of subretinal fluid
could be due to RPE pump failure instead of CNV activity.

Data collected allow us to state that both at baseline
and at 3 years follow-up, morphological and functional
parameters between the two groups are similar, with the
exception of a greater central choroidal thickness and a
greater percentage of hyperreflective foci in the PD
group; however, the real difference between the two
groups lies in the type of progression and response to
therapy.

*e limit of our study is the retrospective nature and the
small sample size, negatively influenced by the stringent in-
clusion criteria regarding the use of monotherapy and the
availability of complete multimodal imaging. Furthermore, the
choice of ranibizumab as the only drug and the administration
with the PRN protocol are limiting choices, but necessary to
guarantee homogeneity of the data collected, which come, in
part, from databases created when more modern drugs and
protocols, such as aflibercept and “Treat and extend,” had not
yet entered common clinical practice.

5. Conclusions

*e differential diagnosis between neovascular age-related
macular degeneration and CNV on pattern dystrophies is still
challenging even for the most experienced retinologists. Our
study highlights the clinical and morphological overlap of the
two forms both in the onset and in the long-term, confirming
the necessity of complete multimodal imaging in order not to
incur erroneous diagnoses. Furthermore, we report a poor
therapeutic response at 3 years of the forms associated with
pattern dystrophies compared to those in AMDwhich, instead,
show a tendency to stabilization. Finally, the higher choroidal
thickness could open new perspectives in understanding the
pathogenetic and evolutionary mechanisms underlying the
development of neovascularizations in the eyes affected by
pattern dystrophies.

*e main limitation of our study is represented by low
and poorly balanced numerosity of the two groups. *is is
due to our strict inclusion criteria, including age, complete
multimodal imaging, PRN monotherapy administration,
and no surgery in the follow-up period.

Further studies are needed to deepen these topics.

Data Availability

*e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

*e authors declare that they have no conflicts of interest.

References

[1] J. D. Gass, Stereoscopic Atlas of Macular Diseases: Diagnosis
and Treatment, C. V. Mosby, St Louis, USA, 4th edition, 1997.

Journal of Ophthalmology 5



[2] P. J. Francis, D. W. Schultz, A. M. Gregory et al., “Genetic and
phenotypic heterogeneity in pattern dystrophy,” British
Journal of Ophthalmology, vol. 89, no. 9, pp. 1115–1119, 2005.

[3] P. K. Roberts, S. Zotter, A.Montuoro et al., “Identification and
quantification of the angiofibrotic switch in neovascular
AMD,” Investigative Opthalmology & Visual Science, vol. 60,
no. 1, p. 304, 2019.

[4] C. E. Hitzenberger, J. D. Messinger, E. C. Zanzottera,
K. B. Freund, and C. A. Curcio, “*e onion sign in neovascular
age-related macular degeneration represents cholesterol crystals,”
Ophthalmology, vol. 122, no. 11, pp. 2316–2326, 2015.

[5] S. Fragiotta, P. Fernández-Avellaneda, M. P. Breazzano,
L. A. Yannuzzi, C. A. Curcio, and K. B. Freund, “Linear and
planar reflection artifacts on swept-source and spectral-do-
main optical coherence tomography due to hyperreflective
crystalline deposits,” Graefe’s Archive for Clinical and Ex-
perimental Ophthalmology, vol. 258, no. 3, pp. 491–501, 2019.

[6] R. M. Palácios, T. S. Mendes, R. Y. Sano, D. C. Wu, T. Aihara,
and R. P. de Almeida Manzano, “Choroidal thickness using
EDI-OCT in adult-onset vitelliform macular dystrophy,”
International Journal of Retina and Vitreous, vol. 2, no. 1, p. 5,
2016.

[7] F. Coscas, N. Puche, G. Coscas et al., “Comparison of macular
choroidal thickness in adult onset foveomacular vitelliform
dystrophy and age-related macular degeneration,” Investi-
gative Opthalmology&Visual Science, vol. 55, no. 1, pp. 64–69,
2014.

[8] P. L. Grenga, S. Fragiotta, A. Cutini, A. Meduri, and
E. M. Vingolo, “Enhanced depth imaging optical coherence
tomography in adult-onset foveomacular vitelliform dystro-
phy,” European Journal of Ophthalmology, vol. 26, no. 2,
pp. 145–151, 2016.

[9] H. Koizumi, T. Yamagishi, T. Yamazaki, R. Kawasaki, and
S. Kinoshita, “Subfoveal choroidal thickness in typical age-related
macular degeneration and polypoidal choroidal vasculopathy,”
Graefe’s Archive for Clinical and Experimental Ophthalmology,
vol. 249, no. 8, pp. 1123–1128, 2011.

[10] S.-W. Kim, J. Oh, S.-S. Kwon, J. Yoo, and K. Huh, “Com-
parison of choroidal thickness among patients with healthy
eyes, early age-related maculopathy, neovascular age-related
macular degeneration, central serous chorioretinopathy, and
polypoidal choroidal vasculopathy,” Retina, vol. 31, no. 9,
pp. 1904–1911, 2011.

[11] Y. Imamura, T. Fujiwara, R. Margolis, and R. F. Spaide,
“Enhanced depth imaging optical coherence tomography of
the choroid in central serous chorioretinopathy,” Retina,
vol. 29, no. 10, pp. 1469–1473, 2009.

[12] I. Maruko, T. Iida, Y. Sugano, A. Ojima, and T. Sekiryu,
“Subfoveal choroidal thickness in fellow eyes of patients with
central serous chorioretinopathy,” Retina, vol. 31, no. 8,
pp. 1603–1608, 2011.

[13] G. Yiu, S. J. Chiu, P. A. Petrou et al., “Relationship of central
choroidal thickness with age-related macular degeneration
status,” American Journal of Ophthalmology, vol. 159, no. 4,
pp. 617–626, 2015.

[14] H. Zhou, Y. Dai, Y. Shi et al., “Age-related changes in cho-
roidal thickness and the volume of vessels and stroma using
swept-source OCT and fully automated algorithms,” Oph-
thalmology Retina, vol. 4, no. 2, pp. 204–215, 2020.

[15] I. Tuncer, E. Karahan, M. O. Zengin, E. Atalay, and N. Polat,
“Choroidal thickness in relation to sex, age, refractive error,
and axial length in healthy Turkish subjects,” International
Ophthalmology, vol. 35, no. 3, pp. 403–410, 2015.

[16] L. Tiosano, T. Jaouni, E. Averbukh, M. Grunin, E. Banin, and
I. Chowers, “Bevacizumab treatment for choroidal neo-
vascularization associated with adult-onset foveomacular
vitelliform dystrophy,” European Journal of Ophthalmology,
vol. 24, no. 6, pp. 890–896, 2014.

[17] G. Cennamo, I. Cesarano, E. C. Vecchio, M. Reibaldi, and
G. de Crecchio, “Functional and anatomic changes in bilateral
choroidal neovascularization associated with vitelliform
macular dystrophy after intravitreal bevacizumab,” Journal of
Ocular Pharmacology and :erapeutics, vol. 28, no. 6,
pp. 643–646, 2012.

[18] G. Mimoun, V. Caillaux, G. Querques, P.-R. Rothschild,
N. Puche, and E. H. Souied, “Ranibizumab for choroidal
neovascularization associated with adult-onset foveomacular
vitelliform dystrophy,” Retina, vol. 33, no. 3, pp. 513–521,
2013.

[19] G. Querques, L. Querques, N. Leveziel, F. Bandello, and
E. H. Souied, “Intravitreal ranibizumab for type 3 choroidal
neovascularization complicating adult onset foveomacular
vitelliform dystrophy,” Journal Français d’Ophtalmologie,
vol. 36, no. 1, pp. e1–e4, 2013.

[20] M. B. Parodi, P. Iacono, M. Cascavilla, I. Zucchiatti,
D. S. Kontadakis, and F. Bandello, “Intravitreal bevacizumab
for subfoveal choroidal neovascularization associated with
pattern dystrophy,” Investigative Opthalmology & Visual
Science, vol. 51, no. 9, pp. 4358–4361, 2010.

[21] S. Fragiotta, P. Fernández-Avellaneda, M. P. Breazzano et al.,
“*e fate and prognostic implications of hyperreflective
crystalline deposits in nonneovascular age-related macular
degeneration,” Investigative Opthalmology & Visual Science,
vol. 60, no. 8, pp. 3100–3109, 2019.

6 Journal of Ophthalmology


