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Optical coherence tomography and fundus
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nystagmus syndrome and early-onset retinal
dystrophy
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ABSTRACT

BACKGROUND: The purpose of the study was to compare morphological retinal differences in children with infantile
nystagmus syndrome (INS) and early-onset retinal dystrophies (EORD) with healthy controls in order to evaluate
the diagnostic value of optical coherence tomography (OCT) and fundus autofluorescence (FAF).

MATERIAL AND METHODS: Twenty-six children (mean age 10.0 years) were ophthalmologically and electrophysiolo-
gically diagnosed as INS and EORD. Their SD-OCT and FAF imaging was prospectively performed and compared
with 36 controls (mean age 7.2 years).

RESULTS: Optical coherence tomography imaging was successfully completed in 17/26 (mean age 9.7 years) and
FAF in 15/26 (mean age 11.1 years) children with EORD. OCT imaging was completed in 29/36 (mean age
8.9 years) and FAF in 15/19 (mean age 8.7 years) control children. In all six children with Leber congenital amauro-
sis (LCA) photoreceptor layer abnormalities were seen in the peripheral retina using SD-OCT, but macular images
could not be obtained. In 5/5 children with congenital stationary night blindness (CSNB) retinal thinning was fo-
und in all regions except the fovea. 2/6 children with achromatopsia showed ellipsoid zone disruption with macular
thinning. In 1/1 child with blue cone monochromatism reduced macular thickness was observed. In 5/5 children
with cone-rod dystrophy the outer retinal signal intensity was decreased. In 2/3 children with complete CSNB, slight
foveal hypoautofluorescence was indicated. 1/4 children with achromatopsia showed a central hyperautofluorescent
ring. In 1/1 child with blue cone monochromatism slight foveal hypoautofluorescence was observed. 2/7 children
with cone-rod dystrophy showed a central hyperautofluorescent ring, and additionally in 1/7 a macular hypoau-
tofluorescence in one eye and an additional patch of hyperautofluorescence centrally in the other eye were found.
CONCLUSION: The study demonstrated OCT and FAF as a non-invasive and fast diagnostic tool that defines

morphological changes in early-onset retinal dystrophies in young children with nystagmus.
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INTRODUCTION

Infantile nystagmus syndrome (INS) appears
in the first few months of life and can be associ-
ated with early-onset retinal dystrophies (EORD).
Among the most common EORD are Leber
congenital amaurosis (LCA), congenital station-
ary night blindness (CSNB), achromatopsia, and
cone-rod and rod-cone dystrophy [1, 2]. Fundus
examination is often normal in early childhood, so
early diagnosis of EORD is difficult. Electrophysi-
ology as a standard diagnostic tool and later reti-
nal morphology assessment with optical coherence
tomography (OCT) and fundus autofluorescence
(FAF) are suggested to aid in the diagnosis [3-6].

Both OCT and FAF are non-invasive diagnos-
tic methods. In OCT, on the basis of the recon-
struction of individual retinal images, a two- or
multi-dimensional image of the retina and its layers
is obtained and has become a standard diagnos-
tic method in ophthalmology [7, 8]. Rare OCT
studies in the literature showed retinal changes in
EORD, especially in children. Photoreceptor loss
was described in LCA [9]. Preserved structure and
retinal thinning, except in the fovea, was reported in
CSNB [10]. A disruption or loss of the macular in-
ner/outer segments junction of the photoreceptors
was shown in achromatopsia [3, 11, 12]. Absence
of an interdigitation zone was found in cone-rod
dystrophy [13].

AF shows lipofuscin in the retinal pigment epi-
thelium (RPE). In the case of incomplete decompo-
sition photoreceptor membrane residues accumulate
in RPE in the form of lipofuscin granules [14-16].
As in OCT, only a few studies have reported FAF
characteristics in EORD. Normal FAF or parafoveal
ring with mild to moderately increased autofluo-
rescence was described in LCA [17]. Absence of
an FAF signal in LCA patients with a mutation in
RPEG5 was reported [6, 18]. No changes in FAF
images were observed in CSNB [10]. Foveal and
parafoveal hyperautofluorescence were detected in
achromatopsia and in adult achromatopsia patients
foveal hypoautofluorescence was described [4].
A hyperautofluorescence ring was noticed in some
cases of cone-rod dystrophy [19].

Optical coherence tomography and FAF imag-
ing in children with nystagmus is challenging due
to unpredictable co-operation and unstable fixation
in nystagmus [6, 20, 21]. The groups studied so far
have usually been small and mostly included older
children and adults using various OCT machines
[9-13, 22-24]. Similarly, the retinal thickness val-

ues of healthy children in the literature applied
only to a group of children studied, while generally
accepted normative values for the paediatric popula-
tion are not yet available [25-29].

The purpose of this study was to morpho-
logically assess the retina with OCT and FAF in
26 children with INS and EORD, and to compare
the images with those from a group of 36 healthy
children.

MATERIAL AND METHODS

In 26 children (mean age 10 years; 1 to 21 years)
with INS and EORD, OCT and FAF imaging was
performed. INS diagnosis was made clinically on
the basis of bilateral and conjugate ocular move-
ments with no change of direction in different gaze
directions, and in all children the onset of nystag-
mus was observed within the first six months after
birth. EORD was diagnosed clinically and electro-
physiologically as: LCA in six children, CSNB in
five children, achromatopsia in six children, blue
cone monochromatism in one child, cone-rod dys-
trophy without known systemic disease in four
children, and cone-rod dystrophy with genetic sys-
temic disease in three children (the first child with
heart problems and obesity, the second child with
nephronophthisis, and the third child with thia-
mine-responsive megaloblastic anaemia syndrome),
and rod-cone dystrophy with chondrodysplasia and
neurologic disorder in one child.

Ophthalmologic examinations and ERG record-
ings of these children were presented in previous
studies [31, 32]. This study was performed with the
informed consent of the parents of all of the chil-
dren who participated, and it was approved by the
Slovene Medical Ethics Committee (No. 30/02/12).

Optical coherence tomography images were
obtained in mydriasis with an OCT Topcon 3D
OCT-1000 (Topcon Medical Systems, Inc., Top-
con Corporation of Tokyo, Japan) and/or Spec-
tralis HRA + OCT (Heidelberg Engineering, Inc.,
Heidelberg, Germany). The retinal thickness and
total macular volume were determined using the
OCT apparatus software. Retinal thickness was de-
termined in the Early Treatment Diabetic Retinopa-
thy Study (ETDRS) mode with circular diameters
of 1, 3, and 6 mm. The thickness of the retina was
measured in nine regions of the macula: the fovea,
the inner lower, the outer lower, the inner nasal,
the outer nasal, the inner upper, the outer upper,
the inner temporal, and the outer temporal regions,
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similarly to other studies [26-30]. The OCT retinal
thickness and total macular volume values in the
children with EORD were compared statistically
with the values of healthy children using SPSS soft-
ware (IBM SPSS Statistics, Armonk, New York,
USA), with differences significant if p < 0.05.

AF images were obtained in mydriasis with
a fundus camera Topcon TRC-50IX (Topcon Medi-
cal Systems, Inc., Topcon Corporation of Tokyo,
Japan) and/or Spectralis HRA + OCT (Heidelberg
Engineering, Inc., Heidelberg, Germany).

RESULTS

Optical coherence tomography images were suc-
cessfully obtained in at least one scan in 17 (65.4%)
children (mean age 9.7 years; 1 to 21 years) and FAF
images in 15 (57.7%) children with EORD (mean
age 11.1 years; 4 to 21 years). Macular thickness
and total macular volume were analysed in OCT
images in 13 (50%) children (mean age 10.8 years;
2.5 to 21 years). Older children were included in
the study during their follow-up but were diagnosed
earlier. Retinal thickness values and total macular
volume are shown in Table I.

Thirty-six healthy children (mean age 7.2 years;
4 months to 18 years) had OCT imaging. OCT
images were successfully obtained in 29 (80.6%)
children (mean age 8.9 years; 2 to 18 years), reti-
nal thickness values and total macular volume are
shown in Table 1. Nineteen healthy children (mean
age 7.7 years; 6 months to 18 years) had FAF im-
aging. Fundus autofluorescence images were suc-
cessfully obtained in 15 (79%) children (mean age
8.7 years; 8 months to 18 years).

In children with LCA photoreceptor layer ab-
normalities were seen in the peripheral retina in
SD-OCT (Fig. 1). In the six children with LCA,
OCT and FAF macular images were not success-
fully obtained, due to rowing eye movements and
lack of fixation.

Optical coherence tomography macular im-
ages were successfully obtained in all five children
with CSNB (three with complete and two with
incomplete type). OCT images in CSNB showed
macular thickness reduction in all macular regions
except the fovea (Fig. 1) and total macular volume
reduction (Tab. I). OCT macular images in six
children with achromatopsia revealed no structural
abnormalities in four children, while in two chil-
dren ellipsoid zone disruption was evident (Fig. 1).
Reduced macular thickness was indicated, but the
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coherence tomography (OCT) with a Topcon 3D OCT-1000 and Spectralis HRA + OCT in healthy children and children with infantile nystagmus syndrome and

early-onset retinal dystrophy

value Retinal thickness value Retinal thickness value
P (3-6 years) P (> 6 years) P

Retinal thickness
(0-3 years)

Macular area

n = 35 eyes
(7-18 years)
280.3 +21.4

n =10 eyes
(4-6 years)

n = 2 eyes
(3 years)
275.5 + 13.4
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337.4 =195
304.5 = 45.8
343.4 = 18.9
3141 +£23.4
342.5 £ 19.0
303.0 = 28.0

267.3 £ 20.9
331.1 £13.9
297.8 + 13.4
336.6 + 13.6
306.5 + 18.3
342.4 = 8.6
301.6 =9.8

338.5 = 2.1
310.0 £ 5.7
348.0 = 2.8
311 57
341535
306.0 + 2.8

Inner lower
Outer lower
Inner nasal
Outer nasal
Inner upper
Outer upper

Fovea

100 +VHH sllenoads
dnoJb jo11u0)

328.2 £ 17.7

336.9 = 18.7

322.0+2.8

Inner temporal

292.7 = 28.3

311.8 = 43.6
8.68 £ 0.24

293.0 2.8

Outer temporal

8.47 £ 0.57

8.30 £ 0.72

T




Alma Kurent et al., OCT and FAF in children with early-onset retinal dystrophies

anjead

ssawy}oIy} [eunay

anjead

ssawy}oIy} [eunay

anjead

ssawjoIy} [eunay

-
S0°0 > €20 F LS9 = = = = AWL
G0°0 > 2'LL¥0'80¢2 - - = = |jesodwa} J8InQ
S0°0 > 8'0F F €¢ve - - = = |esodwa} Jauu| %
500 > 6L F 5922 - - - = seddn JeinQ .
G500 > L'EL F €162 - - - - Jaddn sauu .m s g
S0°0 > L0k F82he = = = = [eseu JaInQ m w m
500 > v'v1 ¥ G652 = = - - [eseu Jauu| M M s
S0°0 > 2’6l ¥ €822 = = = = 1amo| J8InQ m m m
S0°0 > €LLFG'ese = = - - MO Jauu| m @ m..
s0'0<d L'GLFeere = = - - Ban04 3
dnoub j013u09 yym (s1eak g1-8) dnoub [043u0d yum dnouab j043u0d yum <
uosiiedwod uj saflop =u uostiedwod uj uosiiedwod uj
goo<d 67'0 F ¥9'L soo<d 0€'0 ¥ 022 goo<d €00 F €L ANL
g00<d 6'8€ ¥ 1’852 G0°0 > 80l ¥ 2'0€e g00<d 06 *F52re [esodwis} J8InQ
g00<d L'EL ¥ 1682 G0°0 > 9'9 ¥ 8'9/2 g00<d 9'€ ¥ 0.2 [esodwa} ssuul
s00<d '9€ F +'0L2 500 > 2’6l ¥ 8'€52 §00 <d v’y ¥ 8'852 leddn seno -
S00<d 6'7} F ¥'S0€ G00<d £'ve ¥ £9.2 G00 <d v'8lL ¥ 8658 Jeddn Jauu m o
goo<d 9'0€ ¥ 2682 goo<d 06 ¥ 8'€9¢2 go0<d 891 ¥ 02L2 [eseu JaInQ w m,
go0<d €€l ¥ G208 goo<d €0l F.°282 go0<d T ¥ G682 [eseu Jauu| M.wl
soo<d L'vE F 8'v92 so0<d 8Vl ¥ L'Eve s00<d 2L F0¢€Le lamoy 18N m m
G00<d 06l F 2962 S0°0 > 0LLFG2Le g00<d 26l F €992 1amo Jauu| .m. °
go0<d €6l F.Lere g00<d S8l ¥ L9le g00<d L'yl ¥ 69¢€2 ©ano4 °
1D0+VHH sijendeds (sseaf £1-8) 1D0+VHH sijendads (s1eah 9-g) 100 +VHH sijendads (s1eaf g-2)
yyum uosuiedwod uj sakagL =u yyum uosuedwod uj sakag=u yum uostiedwod uj sakapy =u
(s1ealh g <) (s1eak 9-¢) (s1eah g—0)

eale aejnaep

AydoasAp jeunau josuo-Ajiea

pue awo.ipuAs snwbejsAu ajipuesul YIM uaipliyd pue uaipjiyd Ayyeay ui 190 + VHH sljesoads pue 0001-190 d@g uoado] e yum (190) Aydesbowo} aouaiayod

jeondo yym pauteiqo [wuw] (ANL) SWN|OA Jejnoew |ejo} pue (UOIBIASP piepuels F anjeA ueaw wr) suoifaJ Jejnoew Jualaylp ul SanjeA SSauydiy} [eunady °| ajgel

67

www.journals.viamedica.pl/ophthalmology _journal



OPHTHALMOLOGY JOURNAL 2019, Vol. 4

goo<d 69'9 - - - - AWL
g0'0<d 62 = - - - [esodwey JaInQ
g00<d €82 = = - - [esodwiay Jouu|
- anjeA oN - - = = Jaddn J81nQ o
S0°0 > 1.2 - - = = Jaddn Jauuj m W
so0<d 082 = = - - [eseu 181N W m.
S0'0 > G6¢ - - - - |eseu Jauu| M W
so0<d 192 - - - - 1amoy JaInQ M m .
500 <d 282 = - - - Jamoj Jauu| % = m
s00<d 962 = = - - Ban04 - m
(sieak 91) m,
ko | =u m
S0°0 > Se0F L9 - - - - ANL m
S0°0 > ¥'91 ¥ G064 - - = = [esodwsay J8INQ m.
G0'0 > 12L *8'¢cee - - = = |jesodway Jauu| M W
500 > 65l T 0'602 - - - - Jeddn 1a10 . .m m
500 > 8LL 81T - - - - saddn Jauuy 2 5 g 2
500 > 08T EHZ - - - - leseu 1IN0 ST E
G600 > 8 L1 *8'I¥eC - = - - |eseu Jauu| m W ..IM .W.
G0°0 > €vZ ¥ €612 = = = - 18MoJ J81nQ .mv_ 25 W
500 > 961 ¥ 0052 - - - - Jamo] Jauu] .m. G w =
s0'0<d 9'GlL ¥ 8152 = = - - LI 8
(saeah 2) m
sakop =u
enend mmoﬁ.__”_mb wu“_v_om enend mwomv.__”w_p m_.MmW—om enjend mmow__”_o_p m_ﬂu_vaom IR

AydosysAp jeunau josuo-Ajiea
pue awo.ipuAs snwbelsAu ajuejul Yyum uaipjiyd pue uaipjiys Ayieay ui 190 + YHH siies9ads pue 0001L-120 dg uoado] e yyum (190) Aydesbowo} asuaiayod

leando yum paujerqo [;wuw] (ANL) dwnjoA Jejndew |e1o} pue (uollelAap piepuels F anjeA ueaw ‘wrl) suolbal Jejndew USSP Ul SON|BA SSBUXIIY] [euUlldY | d|geL

68



Alma Kurent et al., OCT and FAF in children with early-onset retinal dystrophies

-—
goo<d L00FGL'. = = - - ANL
g00<d 90l FGI€2 = - - - [esodwey JaInQ
g00<d 0'S ¥ 5582 = = - - [esodwiay Jouu| ©
goo<d L'LLFGL52 - = = - J1addn JeinQ 45
500 <d b9 T 5282 - - = - Jeddn Jeuuy 3 8
s00<d vl T 082 - - - - leseu 1810 m 2
so0<d 2675282 - - - B [eseu Jouu| S s
so0<d v F06he = = - - 19Mmo] JaInQ nq._v m.
s0'0<d 6Vl F5'€82 = - - - JaMmoj Jauu| W. m
s00<d 502 T 5222 - - - - 20A04 e w.

(s1ealk g1)
safleaz=u
S0°0 > 020 ¥ 95'9 G0'0<d 200 FGL'9 L9 AWL
S0°0 > 9LLFE0l2 g00<d 0ELFGLIZ vie [eiodwa} J8INQ
S0°0 > 0LLF.8€2 S0°0 > L'LF 86l lord [eJodwa} seuuj
500 > 1’9 ¥ 0°022 g00<d v'S F8.ve 822 Jaddn 1IN0 o
S0°0 > 2oL FLeve goo<d €61 F £9€2 292 Jaddn sauu m z
S0°0 > 0C ¥ 0'2se go0<d G'LL ¥ 0092 292 [eseu 19InQ m m.
S0'0 > L'ELF L'YSe S0°0 > 8Vl F Evve 852 [eseu Jauu| M m
S0°0 > 1'Z ¥ €622 600 <d 2L F0gee 1€2 1amo JeIinQ mm
G00<d 0'6€ ¥ 0822 S0°0 > 8'LL F€8€e2 ore lamoj ssuu] w. a
g00<d 1'0g ¥ €2€T g00<d ¥'6 ¥ L°0€2 802 ©ano4 °
(s1eah Lg-91) (s1eak 9-p) (s1ealk g)
sakog =u sakopy =u koL =u
LI mwomv.__”w_“ wm“_v—mm LTI mmoA_ﬂM_ob wmum_v_mm RRIENC wmmmv.__”_o_“m_ﬂm_v_am eode 1EndeN

AydoasAp jeunau josuo-Ajiea
pue awoupuAs snwbelsAu ajnuejul Yyum uaipjiyd pue uaipjiys Ayijeay ui 190 + YHH sijes19ads pue 000L-190 d€ uoado] e yum (190) Aydesbowo} asuaiayod

leando yum pauierqo [;wuw] (ANL) SwnjoA Jejndew |e1o} pue (uolleiAap piepuels F anjeA ueaw ‘wrl) suolbal Jejndew JU3IdIP Ul SONJBA SSBUXIIY] [eUll9Y | d|qeL

69

www.journals.viamedica.pl/ophthalmology _journal



OPHTHALMOLOGY JOURNAL 2019, Vol. 4

G0'0 > G0 F 9’9 - - - - ANL
S0°0 > 29e Feele - - = = |jesodwa} J8InQ
G0'0 > G'0F F/2°g€C - - = = |esodway Jauu| Mw
500 > Y2z F Lyie = - - = Jaddn JenQ - m
500 > 28 ¥ 8862 - - - - Jaddn Jsuu| .m 2 m
G0'0 > 1’88 ¥ §'Gce - = - = |eseu lainQ N w. .M.'
G600 > L't ¥ G'Ive - - - - |eseu Jauu| M W .m.
S0°0 > ¥'€9 ¥ 2'8L1 = = - - 1amoy JaInQ m m M -
500 > £'8l T 5662 - - = = 18MO] JBUU| 36 w £
S0'0 > 1'6E ¥ 8281 = = = - BOAOS ° m M
(sreah g1-2) = 2
sekeg=u £
S0°0 > 98'0 ¥ 02'L - - - - ANL m
S0°0 > 861 * 0'80¢C - - - - [esodwiey J8InO Vm
G0°0 > 2v +0892 - = = = |jesodway Jauu| Mw m
500 > 68 T S'6v2 - - - - Jaddn 10100 w ° i
500 > L'07FGEL2 - = = = Jaddn Jauu m 2 m m
500 > v'L ¥ 0952 = = - - [eseu JsInQ s m... r g
G600 > 90l + §'69¢ - = - - |eseu Jauu| w M .m. .W.
soo<d G20} F GV6L = - - - 1aMmoy JaInQ W m M W
500 > 00 ¥ 0892 - - = = 18MO] JaUU| 88 &
S0°0 > Z'le ¥ 0822 = = - - BOAO4 - Wa
(saeah 2) S
sakag=u
enend mmoﬁ.__”wh wm_A.W_om enend mwomv.__”w_p m_.MmW-om enjend mmoﬂw“ ﬂu_v_om R

AydosysAp jeunau josuo-Ajiea
pue awo.ipuAs snwbelsAu ajuejul Yyum uaipiyd pue uaipjiys Ayiyeay ui 190 + YHH siies19ads pue 0001L-190 dg uoado] e yyum (190) Aydesbowo} asuaiayod

leando yum paujerqo [;wuw] (ANL) dwnjoA Jejndew |e1o} pue (uolleiAap piepuels F anjeA ueaw ‘wrl) suolbal Jejndew JU3IdIP Ul SON|BA SSaUXIIY] [euUlldY | d|geL

70



Alma Kurent et al., OCT and FAF in children with early-onset retinal dystrophies

LCA (1)

Achromatopsia
(3)

FIGURE 1. Optical coherence tomography (OCT) images (Topcon 3D 1000): (1) in a 4-year-old child with Leber congenital amaurosis (LCA)
showing photoreceptor layer abnormalities in the peripheral retina compared to a healthy 4-year-old child (RPE, retinal pigment epithe-
lium); (2) in a 6-year-old child with complete congenital stationary night blindness (CSNB) showing thinning of the retina without other
structural abnormalities compared to a healthy 7-year old child; (3) in a 2.5-year-old child with achromatopsia showing no visible structural
abnormalities compared to the image of healthy 3-year-old child; (4) in a 2-year-old boy with achromatopsia showing visible ellipsoid

zone disruption (between arrows) compared to a healthy 3-year-old child (fundus image was of poor quality due to the nystagmus); (5) in
a 21-year-old child with achromatopsia showing visible ellipsoid zone disruption (between arrows) compared to a healthy 12-year-old child

difference was not statistically significant in all re-
gions (Tab. I). In 1/1 child with blue cone mono-
chromatism no OCT structural abnormalities
were noticed (Fig. 2). Macular thickness and total
macular volume reductions were not statistically
significant (Tab. I). OCT macular images were
successfully obtained in 5/7 children with cone-rod
dystrophy. In two children with cone-rod dystro-
phy without known systemic disease and in three
children with known systemic disease OCT images
showed reduced intensity of the outer retinal signal
(Fig. 2), macular thinning, and total macular vol-
ume reduction (Tab. I). In the group of children
with cone-rod dystrophy without known systemic
disease, the obtained images were not of sufficient
quality for quantitative analysis.

Fundus autofluorescence images were ob-
tained in 2/3 children with complete CSNB,
showing slight hypoautofluorescence (Fig. 3). In

four children with achromatopsia, FAF showed
no abnormalities in three children, and in one
child a central hyperautofluorescent ring was
found (Fig. 4). Fundus autofluorescence images
in a child with blue cone monochromatism in-
dicated slight hypoautofluorescence in the fovea
(Fig. 3). Fundus autofluorescence images were
successfully obtained in seven children with
cone-rod dystrophy, showing no abnormalities in
all four children without systemic disease, while
in all three children with cone-rod dystrophy with
known systemic disease the following changes
in FAF were observed: in two children (in one
child — heart disease and obesity, and in another
child — nephronophthisis) the hyperautofluores-
cent ring was centrally located, and in one child
with thiamine-responsive megaloblastic anaemia
syndrome macular hypoautofluorescence in the
right eye was seen, while in the left eye additional
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Conitrol

Control

Control

14
-]
2
8
£

Blue cone monochromatism

(1)

o -

Cone-rod dystrophy without systemic
disease

Cone-rod dystrophy with systemic
disease

FIGURE 2. Optical coherence tomography (OCT) images: (1) in a 18-year-old child with blue cone monochromatism showing no visible
structural abnormalities except the thinning of the retina compared to a healthy 15-year-old child (fundus image was of poor quality due
to the nystagmus) (Spectralis); (2) in a 17-year-old cone-rod dystrophy child without known systemic disease indicating a reduced signal
in the outer retina compared to the 12 year-old healthy child (Topcon); (3) in a 13-year-old child with cone-rod dystrophy with cardiac
failure and obesity showing reduced signal in the outer retina compared to a 12-year-old child (Spectralis); (4) in a 7-year-old with cone-
rod dystrophy and nephronophthisis showing reduced signal in the outer retina compared to a 7-year-old healthy child (Spectralis); (5) of
the right and the left eye of a 15-year-old cone-rod dystrophy patient with thiamine-dependent megaloblastic anaemia syndrome showing
reduced signal in the outer retina compared to a 12-year-old healthy child (Topcon). In the Spectralis HRA + OCT, a reduced signal of the
inner segment ellipsoid and an external limiting membrane is seen more clearly than in the Topcon 3D OCT-1000. ELM — external limiting
membrane; ISe — inner segment ellipsoid; RPE — retinal pigment epithelium

hyperautofluorescent patch was found (Fig. 4).
No abnormalities were noticed in FAF images in
a child with rod-cone dystrophy with chondrod-
ysplasia and neurologic disorder (Fig. 3).

DISCUSSION

In this study we observed significant OCT and
FAF changes in comparison with healthy controls
in children with INS and EORD. The morpho-
logical changes: retinal thinning in CSNB in all
regions, except fovea, ellipsoid zone disruption and
central hyperautofluorescent ring in achromatop-
sia, and decreased outer retinal signal intensity

with central hyperautofluorescent ring in cone-rod
dystrophy were comparable to the literature [3, 4,
10, 13, 19]. Also, data on the morphological reti-
nal appearance in healthy children was important
in the study for comparison with children with
INS and EORD, and it complements the exist-
ing literature [25, 26, 28-30, 33]. The abnormal
photoreceptor layer of the peripheral retina found
in the present study in LCA patients was also
reported in fovea in the study in nine patients,
aged 6 to 17 years, with LCA and the mutation
in RPEG5 [9]. Wabbels et al. reported difficulties
in performing FAF imaging in LCA patients [6],
similarly as in the present study.
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FIGURE 3. Autofluorescence (AF) images: (1) of a 7-year-old child with complete congenital stationary night blindness (CSNB)

(the same patient as in Figure 1) indicating slight foveal hypoautofluorescence; (2) of a 19-year-old patient with achromatopsia

with no visible abnormalities; (3) of a 6-year-old patient with achromatopsia with no visible abnormalities; (4) of an 18-year-old patient
with blue cone monochromatism (the same patient as in Figure 2) indicating slight foveal hypoautofluorescence; (5) of a 17-year-old
patient with cone-rod dystrophy without known systemic disease (the same patient as in Figure 2) with no visible abnormalities;

(6) and in a 14-year-old patient with rod-cone dystrophy with known systemic disease with no visible abnormalities. Controls were
5.5- (Spectralis) and 7-year-old (Topcon) healthy children.

Cone-rod dystrophy with known systemic disease
large ring hypoautoflucrescence  hyperautofluorescent
patch

Control Achromatopsia
small ring

(4) (4)

Spectralis

FIGURE 4. Autofluorescence (AF) images: (1) of a 21-year-old patient with achromatopsia (the same patient as in Figure 1) with a small
hyperautofluorescent ring centrally; (2) of a 7-year-old child with cone-rod dystrophy with known systemic disease patients (the same
patient as in Figure 2) with a large hyperautofluorescent ring centrally; (3) of a 14-year-old child with cone-rod dystrophy with known sys-
temic disease patients (the same patient as in Figure 2) with a large hyperautofluorescent ring centrally; (4) of both eyes of a 15-year-old
patient with thiamine-dependent megaloblastic anaemia syndrome (the same patient as in Figure 2). On the FAF image of the right eye,
hypoautofluorescence is visible, and on the FAF image of the left eye an additional hyperautofluorescent patch in the macula is visible.
Controls were 5.5- (Spectralis) and 7-year-old (Topcon) healthy children

Chen et al. [10] observed qualitatively normal
OCT results and a statistically significant macular
thinning outside the fovea in five incomplete type
CSNB patients aged 6, 9, 11, 12, and 69 years,
compared to four myopic controls. Similar changes
were found in the present study. Slight foveal hy-
poautofluorescence in two children with complete
CSNB in FAF images was indicated in the present
study. CSNB patients in the comparable study dem-
onstrated qualitatively normal FAF images [10].

Ellipsoid zone disruption in two children with
achromatopsia in the present study was also re-
ported in the literature, both in adults [11] and in
children [24]. In the study from Genead et al. [11],
normal ellipsoid zone was found in OCT in two

children (13 and 17 years old) with achromatop-
sia, which was similar to the four children in the
present study. The lower macular thickness values
and reduced total macular volume in achromatop-
sia patients in the present study are comparable to
the study from Varsdnyi et al. [22], where macular
thinning except in fovea and reduced total macular
volume were found in eight patients with achromat-
opsia (aged 4 to 67 years).

A comparable study (4) of 4/10 children with
achromatopsia showed foveal and parafoveal hyper-
autofluorescence (7 months to 14 years old). Simi-
larly, a patient with achromatopsia in the present
study, followed until 21 years of age, showed a hy-
perautofluorescent ring [Fig. 4; (1)] in addition to
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the ellipsoid zone disruption seen on OCT [Fig. 1;
(5)]. Changes found on OCT and FAF in the same
child were helpful in the diagnostic process, which
makes OCT and FAF a valuable diagnostic tool
especially in children without gross fundus abnor-
malities and in younger children with EORD. In
the study (4), normal FAF in one 11-year-old child
with achromatopsia was found, which is similar
to the three children, aged 4 to 19 years, from the
present study.

Barthelmes et al. [23] observed a significantly
reduced foveal thickness and missing external lim-
iting membrane in six patients with a blue cone
monochromatism (average age 33.2 years). In the
18-year-old blue cone monochromatism patient
from the present study, there were no structural
abnormalities. In the study, a 54-year-old patient
with blue cone monochromatism showed increased
autofluorescence on the edges of atrophic lesion in
the macula due to the accumulation of lipofuscin,
which was a sign of a progressive dystrophic process
[34]. Follow-up imaging in the future may show ad-
ditional changes in an 18-year-old blue cone mono-
chromatism patient from the present study.

The reduced signal in the photoreceptor layer
and external limiting membrane (ELM) in patients
with cone-rod dystrophy without known systemic
disease from the present study was comparable to
the findings from Lima et al. [13]. In their study,
12 subjects with cone-rod dystrophy (average age
30 years) showed the absence of a layer between
the cone outer segments and apical processes of
the RPE, the intensity of the ellipsoid of the in-
ner segments of the photoreceptors was decreased,
and in most patients ELM was absent in the foveal
region [13].

The hyperautofluorescent ring was reported in
the literature in some of the 41 adults with cone-rod
dystrophy [19]. Similarly, it was found in two pa-
tients with cone-rod dystrophy with known sys-
temic disease in the present study [Fig. 4; (2), (3)]
in addition to reduced outer retinal signal intensity
on OCT [Fig. 2; (3), (4)]. A central area of reduced
FAF surrounded by small disseminated spots of
increased FAF was reported in two children with
cone-rod dystrophy (6). A patient with cone-rod
dystrophy and thiamine-responsive megaloblas-
tic anaemia syndrome in the present study showed
a difference in the signal intensity in FAF from
the right and the left eye [Fig. 4; (4)], in addition
to reduced outer retinal signal intensity seen on

OCT [Fig. 2; (5)], which might indicate a different

stage of the disease process. A hyperautofluorescent
ring was observed in a study in 12 children with
rod-cone dystrophy (2 to 15 years old) (6), while
in the present study in a 14-year-old patient with
rod-cone dystrophy and chondrodysplasia and neu-
rologic disorder no abnormalities were found in AE

In the present study, which included only pae-
diatric patients, OCT imaging was successful in
65.4%. According to the literature, OCT imaging
was successful in more than 95% (age range 2 to
68 years) of patients with nystagmus [20, 35]. The
youngest children with a nystagmus and successful
OCT imaging were two years [35] and six years old
[20]. Similarly, in the present study OCT imaging
was generally successful in children over six years
of age, but it was also successful in five children
from two years of age. On the other hand, studies
in the literature [21, 36, 37] report good feasibility
of handheld OCT in young children (mean age
3.5 and 3.7 years) with nystagmus. In addition to
age, the success of OCT imaging also depended on
the specific EORD characteristics, e.g. in children
with LCA, nystagmus was very pronounced, and
therefore imaging was less successful than in other
dystrophies. In the literature [6] it was reported that
in children with congenital retinal disease, some of
whom had a pronounced nystagmus, FAF imaging
was successful in children, mostly older than five
years. Similarly, most of the children in the present
study were older than six years.

The proportion of healthy children in which
OCT images were successfully obtained in the study
was similar to the literature and was above 80%
[30]. The youngest healthy child in the study, in
whom OCT imaging was successful, was two years
old, while in comparable studies, children were
older than three years of age [25-28]. In our experi-
ence, in addition to age, also good cooperation and
motivation of the child contributed to successfully
obtaining OCT images. The youngest healthy child
in the study, in whom FAF imaging was successful,
was eight months old, while in comparable studies
children were over four years of age [6, 38].

Two different OCT and FAF machines were
used in the study. The differences in retinal thick-
ness between different OCTs are influenced by sev-
eral factors, including different analysis algorithms
that determine the internal and external retinal lim-
its and the different image quality [39]. Fundus
autofluorescence changes in the Topcon TRC-50IX
images were less pronounced than those in the Spec-

tralis HRA + OCT. This is probably mostly due
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to different imaging techniques [16]. A limitation
of the present study is that some of the statisti-
cal comparisons with the normative values are less
reliable due to the small numbers of children in
some groups.

CONCLUSION

Assessing retinal morphology in children with
INS and EORD with OCT and FAF is a less fre-
quently reported method of studying the disease
processes in these patients. The morphological
characteristics identified in this study suggested
diagnostic value of OCT and FAF in children with
INS and EORD. The study demonstrated that
OCT and FAF imaging can be successfully per-
formed also in children with nystagmus and used
as a non-invasive and fast diagnostic tool for defin-
ing morphological changes in early onset retinal
dystrophies with the possibility to follow-up disease
progression.
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