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Purpose: To compare clinical, optical coherence tomography (OCT), and fundus
autofluorescence (FAF) characteristics of peripapillary versus (vs.) macular variants of
combined hamartoma of the retina and retinal pigment epithelium (combined
hamartoma).

Design: Retrospective observational, comparative case series

Methods:
Setting: Multicentre collaborative study

Study Population: 50 eyes with a clinical diagnosis of combined hamartoma

Observational Analysis: A comparative analysis of color fundus photographs (CFPs),
OCT and FAF was performed for peripapillary and macular variants of combined
hamartoma.

Main Outcome Measures: Pigmentation and OCT features of macular and peripapillary
combined hamartoma

Results: The review of imaging from 50 eyes of 49 patients diagnosed with combined
hamartoma identified 18 (36%) peripapillary lesions, 27 (54%) macular lesions and 5
(10%) peripheral lesions. A comparative analysis of peripapillary vs. macular combined
hamartoma identified differences in the following features: lesion pigmentation on CFPs
corresponding to hypoautofluorescent FAF (88% vs. 0%, p<0.001) and OCT features of
full thickness involvement (88% vs. 3%, p<0.001), preretinal fibrosis (27% vs. 81%,
p<0.001), maxi peaks (5% vs. 88%, p<0.001), intraretinal cystoid spaces (72% vs. 40%,
p<0.038), outer plexiform layer involvement (5% vs. 96%, p<0.001), ellipsoid zone
disruption (83% vs. 3%, p<0.001), RPE disruption (77% vs. 3%, p<0.001) and choroidal
neovascularization (16% vs. 0%, p=0.028).

Conclusions: This comparative analysis identified a higher frequency of pigmentation
with hypoautofluorescence, full thickness retinal involvement, intraretinal cystoid
spaces, ellipsoid zone disruption, RPE disruption and choroidal neovascularization in
peripapillary combined hamartoma. These findings suggest that lesions occurring near
or at the optic nerve are associated with a more severe degree of pigmentary changes
and retinal disruption than those located in the macula.
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INTRODUCTION

The term combined hamartoma of retina and retinal pigment epithelium
(combined hamartoma) was first coined by Gass!* to describe a pigmented, elevated,
charcoal grey hamartomatous malformation involving retinal pigment epithelium, retina,
overlying retinal vasculature and vitreoretinal interface. Based on the location and the
common clinical characteristics, Gass classified combined hamartoma into four
anatomically based groups including papillary, peripapillary, macular or peripheral.

In 1969, Vogel et. al.” published on the histopathology of peripapillary combined
hamartoma describing total retinal disorganization and a peculiar filigree pattern of
pigmentation extending anteriorly into the retina and optic nerve head, and this formed
the basis of the description of combined hamartoma given by Gass. However, due to
the morphological resemblance of peripapillary and macular variants, the diagnosis of
combined hamartoma was used for both.

More recently, optical coherence tomography (OCT) has revealed novel findings
in the retinal microanatomy in cases of combined hamartoma, including prominent
epiretinal membrane,® minor vertical vitreoretinal traction (mini peaks),’* major vertical
vitreoretinal traction with retinal folding of inner retinal layers (maxi peaks)™* ® and
distortion of the outer plexiform layer®® (saw tooth configuration or “omega” sign).
However, most of these findings have been reported in macular lesions. There has
been no study to date to compare the OCT features of combined hamartoma at different
sites in the fundus.

Herein, we sought to compare the clinical, OCT and FAF characteristics of
peripapillary and macular combined hamartoma, with an objective of providing a
synoptic understanding of combined hamartoma in relation to the anatomic location of
the lesion.

METHODS

This was a multicenter collaborative retrospective analysis of medical records
and retinal imaging from 50 eyes of 49 patients diagnosed with combined hamartoma at
nine tertiary vitreoretinal practices from Australia, Italy, India, and United States of
America from January 2011 to April 2018. The local institutional review boards at each
study site approved the study and the procedures adhered to the tenets of the
Declaration of Helsinki. A written informed consent was obtained from all the
participants at the time of enrollment.

Patient Eligibility

Patients with a clinical diagnosis of combined hamartoma who underwent
imaging with color fundus photography (Zeiss FF 450, DRI OCT Triton, Topcon TRC
501X fundus camera, RetCam; Massie Laboratories, Dublin, CA, USA), OCT imaging
with either swept-source OCT (DRI OCT Triton; Topcon, Medical Systems, Inc. Tokyo,
Japan), spectral-domain OCT (Heidelberg Spectralis HRA; Heidelberg Engineering,
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Heidelberg, Germany), Cirrus SD-OCT (Carl Zeiss Meditec, Dublin, CA), and FAF
(Heidelberg Spectralis, Topcon TRC 501X fundus camera, DRI OCT Triton) were
included. The clinical diagnosis of combined hamartoma was made on the basis of
clinical characteristics as described by Gass.™

Cases with any other coexisting retinal disease contributing to epiretinal
membrane (ERM), subretinal scarring, extensive fibrosis or prominent back shadowing
on OCT obscuring the outer retinal details and inconclusive diagnosis were excluded.
Eyes with time domain (TD) OCT or SD-OCT scans without enhanced depth imaging
(EDI) and low-resolution images were also excluded from the study.

Patient Evaluation

The data collection included information on patient demographics, ophthalmic
features, clinical features and imaging findings of combined hamartoma. Patient
demographics included age and sex of the patients. Ophthalmic findings included best-
corrected visual acuity (BCVA) in Snellen fraction converted into logarithm of the
minimal angle of resolution (IogMAR) for statistical analysis, anterior segment findings
by slit lamp evaluation, and intraocular pressure by applanation tonometry (mm Hg).

Clinical Evaluation:

Topography - Based on color fundus photography lesions were classified into:

» Papillary / Peripapillary: Lesions involving retina to within a 1 mm from the optic
disc as center.

* Macular: Lesions involving macula spanning up to 1-disc diameter radius circle
with foveola as center

» Peripheral: Any lesion located outside the superior or inferior retinal vascular
arcades or beyond the extent defined for macular or peripapillary lesions
temporally and nasally.

Pigmentation — Pigmentation was defined as fine, mottled, mossy or filigree pattern
of pigmentary changes observed in the color fundus photographs which were
considered significant only when corroborated with the hypoautofluorescence pattern
obscuring the superficial retinal vasculature on autofluorescence.

OCT-Analysis:

All patients underwent imaging on SS-OCT or enhanced depth imaging SD-OCT.
Raster scans centered over each combined hamartoma were analyzed. The
guantitative evaluation of OCT images included central macular thickness
measurements using the built-in caliper tool. Qualitative assessment included defining
the extent of involvement by combined hamartoma based on:
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A) Thickness

1. Full thickness - grossly disorganized retinal morphology along with
involvement of all retinal layers including outer plexiform layer, ellipsoid
zone and retinal pigment epithelium.

2. Partial thickness - partially disorganized retinal architecture with
involvement restricted to the inner retinal layers, limited by outer plexiform
layer.

B) Vitreoretinal interface anomalies: Preretinal fibrosis and Mini peaks

C) Vitreoretinal interface anomalies: Infolding of inner retinal layers — Maxi peaks

D) Distortion of outer plexiform layer (OPL) — Saw tooth appearance or “omega” sign
E) Ellipsoid Zone (EZ) disruption — Focal or diffuse

F) Retinal Pigment Epithelium (RPE) involvement — hypertrophy, irregularity or
elevations.

G) Presence or absence of intraretinal cystoid changes.

All images were exported and shared with the principal investigator (JC). All
images were analyzed by two observers (JC and RG), and mutual consensus was
considered before making a final decision. Statistical significance (p value <0.05) of the
above-mentioned variables on OCT and FAF were calculated using Chi Square test.

RESULTS

Imaging from 50 eyes of 49 patients with a clinical diagnosed of combined
hamartoma and meeting inclusion criteria was analyzed. The mean patient age at the
time of image acquisition was 23 + 18 years, with 28 males and 21 females. All but 1
lesion occurred unilaterally. Mean age for the patients with peripapillary lesions with
pigmentation was higher (27 years) as compared to the macular lesions with preretinal
fibrosis (14.5 years)

Out of 50 eyes, 18 (36%) were peripapillary, 27 (54%) were macular and 5 (10%)
were peripheral in location. Overall mean BCVA ranged from 0.94 £ 0.97 logMAR
(Snellen equivalent: 20/160). A comparative analysis based on the location
(peripapillary vs. macular) of combined hamartoma revealed significant differences in
mean BCVA (0.50 £ 0.42 logMAR vs. 1.34 + 1.18 logMAR, p=0.0011) (Snellen
equivalent: 20/70 vs. 20/400) and mean central macular thickness (392.3 + 99.9 um vs.
586.9 £111.3 um, p<0.001). The mean central macular thickness (CMT) irrespective of
location of combined hamartoma was 486 + 152.7 pm.

A filigree pattern of pigmentation on color fundus photographs corresponding to a
hypoautofluorescent pattern of FAF was only evident in peripapillary variants (88% vs.
0%, p<0.001). There was no obvious pigmentation in the macular variant but there was
a subtle subretinal greyish hue, which did not correlate with FAF features.

Comparative analysis of OCT features of peripapillary vs. macular combined
hamartoma (Table 1) revealed significant differences in: a) full thickness retinal
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involvement (88% vs. 3%, p<0.001); b) preretinal fibrosis (27% vs. 81%, p<0.001); c)
maxi peaks (5% vs. 88%, p<0.001); d) intraretinal cystoid spaces (72% vs. 40%,
p<0.038); e) outer plexiform layer involvement (5% vs. 96%, p<0.001); f) ellipsoid zone
disruption (83% vs. 3%, p< 0.001); g) retinal pigment epithelium disruption (77% vs. 3%,
p<0.001); and h) choroidal neovascularization (16% vs. 0%, p=0.028), which were
statistically significant. Non-significant differences were observed in other OCT features
including mini peaks (61% vs. 44%) and subretinal lipofuscin (11% vs. 0%). Presence of
ectopic inner foveal layers (EIFL), which have been recently described in context of
grade 4 epiretinal membranes, was a noteworthy association seen in 26 out of 27
macular cases evaluated.

DISCUSSION

The discrepancy and variation in the clinical presentation of macular and
peripapillary combined hamartoma has been contested by Gass in his case series of 7
patients which led to the inception of combined hamartoma. Variability in pigmentation,
which was more evident and widespread in cases of peripapillary lesions as compared
to the macular variants, was reported. The filigree pattern of pigmentation seen in
peripapillary combined hamartoma correlated with the histopathological evidence
stating marked proliferation of juxtapapillary pigment epithelium into the overlying retina
and the optic nerve head. The reduplication of monolayered RPE beneath the lesion,
seen in the histological sections of peripapillary combined hamartoma, was thought to
be a cause of subtle and attenuated pigmentation seen in cases of macular hamartoma
lesions.

The hypoautofluorescence pattern obscuring the superficial retinal vasculature
seen in the peripapillary cases, adheres to the clinical description and the
pathophysiological basis for the description of combined hamartoma in the literature.
However, lack of a similar pattern of hypoautofluorescence as seen in peripapillary
cases and presence of just a subtle subretinal greyish hue with intact RPE on SS/SD-
OCT scans in most of the cases of our macular cohort defies the speculated RPE
involvement for the macular variants.!”!

The only work giving an insight into the histopathology of the macular variants of
combined hamartoma was published by Laqua et al’® who noted RPE hypertrophy or
hyperpigmentation without evidence of RPE reduplication or RPE migration anteriorly
into the overlying retinal layers. The extenuated pattern of pigmentation (subretinal
greyish hue) in macular variants observed in our study could well correspond to the
histopathological description for such lesions.

The presence of full thickness retinal involvement along with EZ disruption and
RPE involvement on OCT of peripapillary combined hamartoma in our analysis (Figure
1) parallels the marked retinal disorganization and replacement of normal architecture of
retina and optic nerve by glial vascular tissue on histopathological description. The
greater extent of RPE involvement could be a potential reason for the secondary
changes such as choroidal neovascular membranes (CNVM)®*% and vitelliform
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lesions™ found to be associated with peripapillary combined hamartoma in our cohort
as well as in the literature.

OCT findings of Maxi peaks, “omega” sign or saw tooth appearance of OPL, lack
of RPE or EZ involvement!” and distorted but still traceable individual retinal layers were
consistent with macular combined hamartoma (Figure 2) as described in literature.
There was a slender association of these OCT findings with peripapillary combined
hamartoma in our analysis owing to the astringent retinal distortion exhibited by this
variant.

Our comparative analysis of peripapillary and macular combined hamartoma
highlights differences in the morphological and imaging traits of both variants
(representative figures 3, 4 and 5). The magnitude of retinal involvement and
pigmentation observed in peripapillary lesions as compared to the macular lesions
suggests a higher grade of retinal distortion or hamartomatous malformation in
peripapillary combined hamartoma in comparison to macular combined hamartoma.

In conclusion, using color fundus photography, OCT and FAF, we found that
there is variation in the severity of retinal distortion in peripapillary vs. macular combined
hamartoma. The peripapillary variants demonstrated greater extent of pigmentation
along with retinal and RPE involvement. These clinical and imaging features could
potentially lead to a better understanding of the natural progression of each combined
hamartoma variant, based on the location of the lesion.
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FIGURE LEGENDS
Figure 1:

A multi panel collage image of a peripapillary combined hamartoma of retina and retinal
pigment epithelium lesion in a 31-year-old women with visual acuity of 20/100 in left eye
showing characteristic mottled or mossy pattern of pigmentation on color fundus
photograph. Swept source optical coherence tomography cuts passing through multiple
sites depict marked disorganization of retina along with disruption of ellipsoid zone and
retinal pigment epithelium irregularities (dotted rectangle).

Figure 2:

A multi panel collage image of a macular combined hamartoma of retina and retinal
pigment epithelium lesion in a 5-year-old girl with visual acuity of 20/400 in right eye
showing attenuated subretinal pigmentation (greyish hue), prominent epiretinal
membrane and glial tissue on color fundus photograph. Spectral domain optical
coherence tomography cuts through multiple sites showing inner retinal disorganization
(maxi peaks) limited by outer plexiform layer (omega sign) with relatively preserved
outer retinal layers and intact RPE in all the sections (arrowheads).

Figure 3

Peripapillary combined hamartoma of retina and retinal pigment epithelium (combined
hamartoma) lesion in a 35-year-old female with visual acuity of 20/20 in right eye
showing prominent epiretinal pigment migration on multicolor fundus photograph (A -
dotted rectangle) with corresponding hypoautofluorescene obscuring superficial retinal
vasculature on autofluorescence (B - dotted rectangle). Spectral domain optical
coherence tomography passing through the lesion (C) depicts marked disorganization
of retina without any discernable inner retinal layers (asterisk), degenerative cystic
changes (solid dot) along with disruption of ellipsoid zone (arrowheads). Macular
combined hamartoma lesion in a 20-year-old male with a visual acuity of 20/40 in right
eye showing attenuated subretinal pigmentation (D — dotted circle) not replicating on
autofluorescence (E), prominent preretinal fibrosis and corresponding swept source
optical coherence tomography (F) showing inner retinal disorganization (maxi peaks —
blue arrows) limited by outer plexiform layer (omega sign — red arrow) with relatively
preserved outer retinal layers (arrow heads).

Figure 4

Peripapillary combined hamartoma of retina and retinal pigment epithelium (combined
hamartoma) lesion in a 72-year-old man with visual acuity of 20/80 in left eye showing
characteristic mottled or mossy pattern of pigmentation on color fundus photograph (A -
dotted rectangle) with corresponding hypoautofluorescence obscuring superficial retinal
vasculature on autofluorescence (B - dotted rectangle). Spectral domain optical
coherence tomography passing through the lesion (C) depicts marked disorganization
of retina along with disruption of ellipsoid zone (white arrowheads) and retinal pigment
epithelium irregularity (black arrowheads). Macular combined hamartoma lesion in a 10-
year-old male with a visual acuity of 20/400 in left eye showing attenuated subretinal
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pigmentation (D — dotted circle) not discernable on autofluorescence (E) and
corresponding spectral domain optical coherence tomography (F) showing disorganized
but still discernable inner retinal layers (solid dots) limited by outer plexiform layer (saw
teeth appearance — red arrow) with relatively preserved outer retinal layers
(arrowheads).

Figure 5

Peripapillary combined hamartoma of retina and retinal pigment epithelium (combined
hamartoma) lesion in a 28-year-old male with visual acuity of 20/50 in right eye showing
prominent peripapillary pigmentation on color fundus photograph (A - dotted rectangle)
with corresponding hypoautofluorescene obscuring superficial retinal vasculature on
autofluorescence (B - dotted rectangle). Spectral domain optical coherence tomography
passing through the lesion (C) depicts marked disorganization of retina without any
discernable inner retinal layers (asterisks) along with focal disruption of ellipsoid zone
(white arrowheads) and retinal pigment epithelium irregularity (black arrowheads).
Macular combined hamartoma lesion in a 17-year-old male with a visual acuity of
20/125 in the left eye showing attenuated subretinal greyish hue (D — dotted circle) not
replicating on autofluorescence (E), preretinal fibrosis and the corresponding swept
source optical coherence tomography (F) showing inner retinal disorganization (maxi
peaks — blue arrow) limited by outer plexiform layer (saw teeth appearance — red arrow)
and relatively preserved outer retinal layers (arrowheads).



TABLE 1 — Comparison of Optical Coherence Tomography and Autofluorescence

Features of Peripapillary versus Macular CHRRPE lesions

) Peripapillary CHRRPE? | Macular CHRRPE | P value

Imaging Features
N=18 N=27
OCT" features
Retinal involvement
Full thickness 88 % (16/18) 3 % (1/27) <0.001
Partial thickness 11 % (2/18) 96 % (26/27) <0.001
Retinal features
Preretinal fibrosis 27 % (5/18) 81 % (22/27) <0.001
o 61 % (11/18)
Mini Peaks 44 % (12/27) 0.273
Maxi peaks 5 % (1/18) 88 % (24/27) <0.001
_ 96% (26/27)

OPL® Involvement (Saw Tooth / Omega Sign) 5 % (1/18) <0.001
Intraretinal Cystoid Spaces 72 % (13/18) 40 % (11/27) 0.038
Ellipsoid zone disruption (Focal / Diffuse) 83 % (15/18) 3 % (1/27) <0.001
Subretinal lipofuscin 11% (2/18) None 0.075
RPE disruption (irregularity / hypertrophy) 77 % (14/18) 3 % (1/27) <0.001
Choroidal neovascularization 16% (3/18) None 0.028
Autofluorescence
Hypoautofluorescence 88% (16/18) None <0.001

CHRRPE?® Combined hamartoma of the retina and retinal pigment epithelium; OCT®:

Optical coherence tomography; OPL®: Outer plexiform layer; RPE®: Retinal pigment

epithelium



















