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• PURPOSE: To describe the detailed retinal phenotype of 
KCNV2- associated retinopathy. 
• STUDY DESIGN: Multicenter international retrospec- 
tive case series. 
• METHODS: Review of retinal imaging including fundus 
autofluorescence (FAF) and optical coherence tomogra- 
phy (OCT), including qualitative and quantitative analy- 
ses. 

Supplemental Material available at AJO.com . 
Accepted for publication March 3, 2021. 
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• RESULTS: Three distinct macular FAF features were 
identified: (1) centrally increased signal (n = 35, 41.7%), 
(2) decreased autofluorescence (n = 27, 31.1%), and 

(3) ring of increased signal (n = 37, 44.0%). Five dis- 
tinct FAF groups were identified based on combinations 
of those features, with 23.5% of patients changing the 
FAF group over a mean (range) follow-up of 5.9 years 
(1.9-13.1 years). Qualitative assessment was performed 

by grading OCT into 5 grades: (1) continuous ellipsoid 

zone (EZ) (20.5%); (2) EZ disruption (26.1%); (3) EZ 

absence, without optical gap and with preserved retinal 
pigment epithelium complex (21.6%); (4) loss of EZ 

and a hyporeflective zone at the foveola (6.8%); and 

(5) outer retina and retinal pigment epithelium complex 

loss (25.0%). Eighty-six patients had scans available from 

both eyes, with 83 (96.5%) having the same grade in both 

eyes, and 36.1% changed OCT grade over a mean follow- 
up of 5.5 years. The annual rate of outer nuclear layer 
thickness change was similar for right and left eyes. 
• CONCLUSIONS: KCNV2 -associated retinopathy is a 
slowly progressive disease with early retinal changes, 
which are predominantly symmetric between eyes. The 
identification of a single OCT or FAF measurement 
as an endpoint to determine progression that applies 
to all patients may be challenging, although outer nu- 
clear layer thickness is a potential biomarker. Find- 
ings suggest a potential window for intervention until 
40 years of age. (Am J Ophthalmol 2021;230: 1–
11. © 2021 The Authors. Published by Elsevier Inc. 
This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ )) 
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as an anatomical landmark. The extent of the central EZ 
gation of clinically and molecularly confirmed patients with
the disease. Report No. 1 of the study 4 highlighted the early
disease onset ( < 12 years of age), the severity of the clinical
phenotype, the genetic background, and established a co-
hort of patients with a wide geographic distribution. Full-
field electroretinograms (ERGs) are diagnostic and pathog-
nomonic. 5-12 Report No. 1 showed a normal rate of age-
associated ERG change, consistent with largely stable pe-
ripheral rod and cone system dysfunction across 6 decades. 4 

The purpose of the current study (Report No. 2) is to char-
acterize the retinal architecture and the associated disease
natural history. 

A wide range of fundus autofluorescence (FAF) abnor-
malities including ring-like or bull’s-eye changes, central
atrophy, or increased foveal autofluorescence (AF) have
been reported in KCNV2 -retinopathy. 2 , 7 , 13-16 Optical co-
herence tomography (OCT) can show a variable degree
of changes in the outer retina, ranging from ellipsoid zone
(EZ) disruption to diffuse outer retinal atrophy with preser-
vation of the inner nuclear layers, usually limited to the
macula. 12 , 15 , 17-20 In a cross-sectional study of 18 patients,
Sergouniotis and associates 17 identified 4 foveal OCT phe-
notypes: (1) discontinuous EZ (n = 6); (2) loss of EZ and
an optical gap at the foveola (n = 2); (3) EZ disruption
and profound foveal depth reduction, without optical gap
and with preserved retinal pigment epithelium (RPE) com-
plex (n = 2); and (4) outer retina and RPE complex abnor-
malities (n = 2). The literature describing the retinal phe-
notype of the disease is limited to cross-sectional studies,
or small longitudinal cohorts and case reports. 2 KCNV2 -
retinopathy is a potential target for trial of novel therapeu-
tic interventions, such as gene augmentation therapy, 21 to
restore outer retinal function before the advent of macular
atrophy. 

The KCNV2 -retinopathy Study Group is the first mul-
ticenter international collaborative retrospective study in a
large cohort (n = 117) of adults and children with KCNV2 -
retinopathy. Herein, we present Report No. 2, which pro-
vides a detailed analysis of retinal imaging both cross-
sectionally and longitudinally. Retinal phenotyping is a cru-
cial step toward the design of a prospective natural history
study, and of paramount importance for the feasibility and
the success of any upcoming therapeutic clinical trial in
KCNV2 -retinopathy, as well as identifying clinically mean-
ingful and reliable structural endpoints. 

METHODS 

The study protocol adhered to the tenets of the Declaration
of Helsinki and received approval from all local ethics com-
mittees of the participating institutions. Informed consent
was obtained from all adult patients, whereas informed con-
sent and assent were obtained from parents and children,
respectively, as indicated. 
2 AMERICAN JOURNAL OF OPHTH
PATIENT IDENTIFICATION: Inclusion criteria for the
urrent study were the molecular and phenotypic confirma-
ion of likely biallelic KCNV2 -retinopathy, as described in
eport No. 1. 

RETINAL IMAGING: FAF and OCT imaging was per-
ormed using different imaging systems across sites (FAF:
pectralis Heidelberg Engineering Ltd, Heidelberg, Ger-
any; Optos plc, Dunfermline, United Kingdom; OCT:
pectralis Heidelberg Engineering Ltd; Cirrus HD OCT,
ersion 6.5, Carl Zeiss Meditec, Jena, Germany; DRI OCT,
opcon, Tokyo, Japan), and was used to assess cross-
ectional and longitudinal structural changes. 

Qualitative FAF and OCT analysis was performed us-
ng all available data from all participating institutions, at
aseline imaging and last follow-up. Quantitative analysis
as performed in all patients seen in a single referral center

Moorfields Eye Hospital, London, United Kingdom), by a
ingle observer, and imaged using a single imaging system
Spectralis; Heidelberg Engineering Ltd), in order to avoid
ariability among systems and observers. 

FAF ANALYSIS: All FAF images were examined for the
attern of AF and the presence of a hyperautofluores-
ent ring. In patients displaying a hyperautofluorescent ring
nd/or a well-demarcated region of decreased AF (DAF),
uantitative analysis was performed. The ring area of in-
reased signal was calculated by subtracting from the area
elineated by the outer border of the hyperautofluorescent
ing, the aforementioned central area of DAF. The Hei-
elberg Spectralis Region Finder tool was used for semi-
utomated quantitative analysis on 30 degree × 30 de-
ree images, as previously described (Supplemental Mate-
ial: Methods). 22-28 The baseline measurement of DAF and
he rate of progression (mm 

2 /y) were evaluated for disease
ymmetry between eyes. The annual rate of progression was
alculated. 

OCT ANALYSIS: Qualitative assessment of foveal struc-
ure was performed by grading spectral domain-OCT im-
ges into 1 of 5 foveal OCT grades: (1) continuous EZ; (2)
Z disruption; (3) EZ absence, without optical gap and with
reserved RPE complex; (4) loss of EZ and a hyporeflec-
ive zone (optical gap) at the foveola; and (5) outer retina
nd RPE complex loss ( Figure 1 ). For each patient, both
ight and left eyes were graded at baseline and follow-up.
he presence/absence of foveal hypoplasia was also noted,
efined as the persistence of 1 or more inner retinal layers
outer plexiform layer, inner nuclear layer, inner plexiform
ayer, or ganglion cell layer) through the fovea, as previously
pplied in the cone dysfunction syndromes. 29-31 

Quantitative analysis was performed using digital calipers
Heidelberg Eye Explorer; Heidelberg Engineering), and a
- μm:1- μm display with maximum magnification, on the
ransfoveal horizontal line scan, with the foveal reflex used
ALMOLOGY OCTOBER 2021 



FIGURE 1. Optical coherence tomography (OCT) grading sys- 
tem. Qualitative assessment of foveal structure was performed 
by grading transfoveal horizontal OCT images into 1 of 5 foveal 
OCT grades: (A) Grade 1: continuous ellipsoid zone (EZ), (B) 
Grade 2: EZ disruption, (C) Grade 3: EZ absence, without op- 
tical gap and with preserved retinal pigment epithelium (RPE) 
complex, (D) Grade 4: loss of EZ and a hyporeflective zone (op- 
tical gap) at the foveola, and (E) Grade 5: outer retina and RPE 

complex loss. 

FIGURE 2. Outer nuclear layer (ONL) thickness measure- 
ment. Selected foveal optical coherence tomography horizontal 
scans of patients with KCNV2 -retinopathy: (A) without foveal 
hypoplasia and (B) with foveal hypoplasia. (A) The ONL thick- 
ness was calculated in patients without foveal hypoplasia, as the 
distance between the internal limiting membrane (ILM) and the 
external limiting membrane (ELM). (B) In patients with foveal 
hypoplasia, ONL thickness was calculated as the distance be- 
tween the outer plexiform layer (OPL) and ELM. 
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VOL. 230 KCNV2-RETINOPATHY ST
isruption was measured after marking the nasal and tem-
oral boundaries of the EZ lesion. The outer nuclear layer
ONL) thickness was calculated in patients without foveal
ypoplasia as the distance between the internal limiting
embrane and the external limiting membrane, also us-

ng the digital calipers. In patients with foveal hypopla-
ia, ONL thickness was calculated as the distance between
he outer plexiform layer and the external limiting mem-
rane. Figure 2 shows examples of patients with and with-
ut foveal hypoplasia. Follow-up mode was used, so that
he same scanning location was imaged at follow-up and
aseline. In addition, the methods described by Tee and
ssociates 32 were employed to ensure serial analysis of the
ame patient-specific retinal location (Supplemental Mate-
ial: Methods). 

STATISTICAL METHODS: Statistical analysis was per-
ormed with IBM SPSS Statistics for Windows (Version
2.0; IBM Corp., Armonk, New York, USA). The Shapiro-
ilk test of normality was used for all variables, and para-
etric or nonparametric tests were used accordingly. 
UDY GROUP: REPORT NO. 2 3 



TABLE 1. Qualitative Fundus Autofluorescence (FAF) and Optical Coherence Tomography (OCT) Analysis 

FAF a 

Parameter Group 1 Group 2 Group 3 Group 4 Group 5 Cohort 

Number of patients, n (%) 16 (19.0) 31 (36.9) 4 (4.8) 6 (7.1) 27 (32.1) 84 

Mean age (y) 21.6 19.4 16.2 16.4 37.0 25.1 

Median age (y) 16.5 18.0 16.6 16.9 39.8 21.0 

Age range (y) 6-42 4-52 6-25 10-23 8-73 4-73 

Increased macular autofluorescence, n (%) No Yes Yes No No 35 (41.7) 

Decreased macular autofluorescence, n (%) No No No No Yes 27 (32.1) 

Per imacular r ing, n (%) No No Yes Yes Yes 37 (44.0) 

OCT a 

Parameter Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Cohort 

Number of patients, n (%) 18 (20.5) 23 (26.1) 19 (21.6) 6 (6.8) 22 (25.0) 88 

Mean age (y) 14 25.5 21.4 12.4 43.3 25.8 

Median age (y) 13.5 23.0 19.8 13.0 40.0 21 

Age range (y) 4-27 5-52 4-41 4-19 19-71 4-71 

a Results presented are for the right eyes; 82/82 patients had similar FAF findings and 83/86 patients had similar OCT 

findings, in the fellow eye. 
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RESULTS 

The demographics and genetics of the cohort were de-
scribed in detail in Report No. 1. The number of patients
with available data, baseline age, and the follow-up time are
indicated below on each individual assessment. 

• QUALITATIVE FAF ANALYSIS: Eighty-four patients had a
baseline FAF assessment. Three distinct macular features
were identified: (1) increased signal (n = 35, 41.7%), (2)
DAF (n = 27, 31.1%), and (3) ring of increased signal
(n = 37, 44.0%). The aforementioned characteristics form
5 distinct groups of FAF patterns: (1) Group 1: negative
for all 3 features, (2) Group 2: increased central signal, (3)
Group 3: perimacular ring and centrally increased AF, (4)
Group 4: perimacular ring without centrally increased AF,
(5) Group 5: DAF and perimacular ring. The FAF groups
are summarized in Table 1 and in the boxplots ( Figure 3 , A).
Eighty-two patients had bilateral data, with both eyes show-
ing the same FAF pattern. Examples of the 5 FAF groups are
presented in Figure 4 . 

Follow-up data were available for 47 patients, with a
mean follow-up ( ±standard deviation [SD], range) of 5.4
years ( ±3.6, 0.3-13.8 years). Thirteen patients were graded
as Group 5 at baseline (mean age: 35.8 years). Of the re-
maining 34 patients (Groups 1-4), 26 patients (76.5%) pre-
served the same FAF group and 8 patients (23.5%) changed
the FAF group over follow-up. Five patients changed from
Group 1 to Group 2 (n = 2), Group 3 (n = 1), Group 4
(n = 1), and Group 5 (n = 1), and 2 patients changed from
4 AMERICAN JOURNAL OF OPHTH
roup 2 to Group 4 (n = 1) and Group 5 (n = 1). One
atient progressed from Group 4 to Group 5. The mean
range) follow-up in the patients with and without change
f the FAF group was 4.9 years (0.3-12.3 years) and 5.9 years
1.9-13.1 years), respectively. The mean baseline age for the
atients with and without progression was 17.0 and 18.7
ears, respectively. 

QUANTITATIVE FAF ANALYSIS: Seven patients had
uantifiable DAF and/or a ring of increased signal areas,
ith a mean (range) age of 39.3 years (19.3-59.8 years).
uantitative FAF measurements are summarized in Table 2 .
he measurements of baseline DAF area, baseline ring area,
nd their annual rate of progression were not significantly
ifferent between eyes ( P = .56, P = .29, P = .70, P = .12;
 = −0.62, t = −1.16, t = 0.41, and t = 1.80 respectively,
f = 6, paired t test). 

QUALITATIVE OCT ANALYSIS: Eighty-eight patients had
 baseline OCT assessment (mean age, range; 25.8 years,
-71 years). Qualitative assessment of foveal structure was
erformed by grading SD-OCT images into 1 of 5 foveal
CT grades ( Figure 1 ), as presented in Table 1 and Figure 3 ,
. Eighty-six patients had scans available from both eyes,
ith 83 (96.5%) having the same grade in both eyes. An
xample of disease asymmetry is presented in Supplemen-
al Figure 1. Foveal hypoplasia was identified in 29 patients
33.0%) and was present in both eyes. For 70 patients, OCT
nd FAF imaging was available at the same visit. The graph
n Figure 3 , C, presents how FAF groups relate to OCT
rades. Lower OCT grades (1 and 2) had mostly FAF groups
ALMOLOGY OCTOBER 2021 



FIGURE 3. Fundus autofluorescence (FAF) and optical coherence tomography (OCT) data analysis and graphs. (A) Boxplots for 
the age of each identified FAF group. The X mark represents the mean for each group. The mean age for Group 5 was the highest, 
but there was an age overlap between groups. (B) Boxplots for the age of each identified OCT grade. The X mark represents the 
mean for each group. The mean age for Grade 5 was the highest, but there was an age overlap between grades similar to FAF groups. 
(C) The graph presents the number of patients for each OCT grade, and what the FAF group of those patients was. Lower OCT 

grades (1 and 2) had mostly FAF Groups 1 and 2, and OCT Grade 5 had in the vast majority FAF Group 5. (D) OCT grading 
at baseline (orange) and follow-up (blue) for 56 patients, with a mean follow-up time ( ±standard deviation, range) of 4.38 years 
( ±2.82, 0.3-11 years). (E) Stacked scatter plot on the outer nuclear layer (ONL) thickness of patients with OCT Grades 1-4. The 
black dots represent the mean of each grade. All grades had severely reduced ONL thickness. (F) The mean ellipsoid zone width 

(EZW) loss for right and left eyes is plotted against age. There was a strong positive statistically significant correlation between the 
EZW loss and age ( r = 0.72, P < .000, Spearman). 

 

 

 

 

a  
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c  

(  
1 and 2, and OCT Grade 5 had in the vast majority FAF
group 5. 

Follow-up data were available for 56 patients, with a
mean follow-up time ( ±SD, range) of 4.38 years ( ±2.82,
0.3-11 years). Ten patients were Grade 5 at baseline (mean
VOL. 230 KCNV2-RETINOPATHY ST
ge: 47.4 years). Of the remaining 46 patients (Grades 1-
), 28 patients (60.1%) preserved the same OCT grade
nd 18 patients (36.1%) changed OCT grade. Six patients
hanged from Grade 1 to Grade 2 (n = 5) and Grade 4
n = 1), and 7 patients changed from Grade 2 to Grade 3
UDY GROUP: REPORT NO. 2 5 



FIGURE 4. Fundus autofluorescence (FAF) in KCNV2 -retinopathy. Based on the presence of (1) increased autofluorescence (AF), 
(2) decreased autofluorescence (DAF), and/or (3) hyperautofluorescent perimacular ring, 5 groups/patterns of FAF were identified. 
(A) Group 1: negative for all 3 features, (B) Group 2: increased central signal, (C) Group 3: perimacular ring and centrally increased 
AF, (D) Group 4: perimacular ring, and (E) Group 5: DAF and ring. 
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(n = 6) and Grade 5 (n = 1). Five patients progressed from
Grade 3 to Grade 5. The mean (range) follow-up in the pa-
tients with and without change of OCT grade was 5.46 years
(1-10 years) and 3.51 years (0.3-9.2 years), respectively.
The mean baseline age for the patients with and without
progression was 19.5 and 18.4 years, respectively. One pa-
tient with asymmetry at baseline preserved the asymmetry
over time (Supplemental Figure 1), and another patient de-
veloped different grades between eyes during follow-up. 

• QUANTITATIVE OCT ANALYSIS: The ONL thickness was
quantified in 31 patients (mean age, range: 20.7, 3.6-52.1
years). All patients had OCT Grades 1-4. Patients with
OCT Grade 5 by definition had the ONL thickness of 0
μm because the outer retina is lost. Figure 3 , E, presents
the ONL thickness for each group and patient. The val-
ues were similar for right and left eyes (P = .27, t = 1.13,
df = 30, paired t test). There was no statistically significant
correlation between baseline age and mean ONL thickness
for right and left eyes ( P = .40, r = –0.16, Pearson). 

Twenty-five patients (mean age, range: 22.4, 3.6-52.1
years) had longitudinal ONL thickness measurements. The
mean ( ±SD, range) follow-up time was 3.8 years ( ±2.51,
6 AMERICAN JOURNAL OF OPHTH
.4-9.2 years). The annual rate of ONL thickness change
as also similar for right and left eyes ( P = .12, Z = −1.55,
ilcoxon matched-pairs test): −2.22 and −1.45 μm/y,

espectively. Table 2 summarizes ONL thickness baseline
easurements for right and left eyes, and individual grades,

nd the annual rate of change. 
In 21 patients (mean age, range: 27.5, 3.6-65.6 years),

he EZ width (EZW) loss was quantified. All patients had
CT Grades 3-5. By definition, patients with Grades 1 and
 lack EZW loss. The mean EZW loss for right and left eyes
nd each individual grade are summarized in Table 2 . The
ZW loss was not significantly different for right and left
yes (P = .60, Z = −0.521, Wilcoxon matched-pairs test).
here was a strong positive statistically significant correla-

ion between the EZW loss and age ( r = 0.72, P < .000,
pearman, Figure 3 , F). 
Longitudinal EZW loss was evaluated for 17 patients

mean age, range: 28.8, 3.6-65.6 years) over a follow-up
eriod of 1.3 to 9 years (mean: 4.1 years). The rate of
ZW loss is recorded in Table 2 , and it was similar between
yes (P = .10, Z = −1.63, Wilcoxon matched-pairs test).
here was no statistically significant correlation between

he mean rate of change for right and left eyes, and the base-
ALMOLOGY OCTOBER 2021 



TABLE 2. Quantitative Fundus Autofluorescence and Optical Coherence Tomography Analysis a 

Fundus Autofluorescence (n = 7) 

Parameter Mean, ±SD, Range 

Per imacular r ing area at baseline 

Right eye 2.18, ±1.22, 0.24-4.65 mm 

2 

Left eye 2.47, ±1.54, 0.28-5.52 mm 

2 

Ring area annual rate of change 

Right eye 0.23, ±0.14, 0.05-0.46 mm 

2 /y 

Left eye 0.14, ±0.13, −0.04 to 0.39 mm 

2 /y 

DAF area at baseline 

Right eye 2.17, ±1.51, 0.08-4.55 mm 

2 

Left eye 2.38, ±1.87, 0.07-5.94 mm 

2 

DAF annual rate of change 

Right eye 0.14, ±0.11, 0.00-0.31 mm 

2 /y 

Left eye 0.12, ±0.12, −0.04 to 0.31 mm 

2 /y 

Optical Coherence Tomography 

ONL thickness at baseline (n = 31) 

Right eye 38.26, ±14.64, 14-70 μm 

Left eye 37.23, ±16.14, 12-77 μm 

Grade 1 (n = 6) b 46.67, ±15.40, 31-77 μm 

Grade 2 (n = 12) b 35.50, ±19.54, 12-75 μm 

Grade 3 (n = 9) b 35.33, ±10.24, 19-59 μm 

Grade 4 (n = 4) b 35.25, ±12.19, 20-54 μm 

ONL thickness annual rate of change (n = 25) 

Right eye −2.22, ±4.12, −13.62 to 5.69 μm/y 

Left eye −1.45, ±4.63, −14.25 to 9.16 μm/y 

EZW loss at baseline (n = 21) 

Right eye 1890, ±1237, 437-4318 μm 

Left eye 1873, ±1168, 439-3995 μm 

Grade 3 (n = 9) b 1301, ±763, 570-3090 μm 

Grade 4 (n = 4) b 748, ±384, 439-1403 μm 

Grade 5 (n = 8) b 3080, ±626, 1924-3995 μm 

EZW loss annual rate of change (n = 17) 

Right eye −110, ±126, −511 to 3 μm/y 

Left eye −94, ±116, −476 to 7 μm/y 

DAF = decreased autofluorescence, EZW = ellipsoid zone width, ONL = outer nuclear layer. 
a There is no statistically significant difference for any of the examined measurements ( P > .05), 

between right and left eyes. 
b Values were calculated for left eyes. 
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line age ( r = 0.16, P = .54, Spearman) or the mean baseline
EZW loss ( r = 0.08, P = .75, Spearman). 

DISCUSSION 

We investigated the retinal phenotype and potential struc-
tural endpoints, both cross-sectionally and longitudinally,
in a large cohort of patients with KCNV2 -retinopathy, over
a wide range of ages. The retinal phenotype is broadly in
keeping with previous reports, and we were able to com-
prehensively quantify and qualify OCT and FAF features.
We identified a wide therapeutic window for planned and
anticipated interventional trials, variable and slowly pro-
VOL. 230 KCNV2-RETINOPATHY ST
ressive structural changes, which may be a challenge for
he identification of primary anatomical outcomes. 

DISEASE NATURAL HISTORY: In the largest FAF study
f the disease to date (cross-sectional, n = 24), the iden-
ification of small rings of increased signal was suggested as
 nonspecific early manifestation of macular dysfunction. 7

erein, empowered by the far larger number of patients and
he available imaging in patients younger than the age of
0, we were able to identify patients with no obvious retinal
bnormalities on FAF and OCT imaging. We suggest a
odel for the FAF phenotype, starting with a “normal” ap-

earance (Group 1, Figure 4 , A), progressing to a centrally
ot well-defined increased signal (Group 2, Figure 4 , B),
hen a perimacular ring of increased signal forms (Group
, Figure 4 , C), and with time, the central increased signal
UDY GROUP: REPORT NO. 2 7 
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shortly decreases similar to normal and is surrounded by a
hyperfluorescent ring (Group 4, Figure 4 , D), and finally the
foveal center loses its signal (atrophy) and both the atrophic
area and the ring increase centrifugally over time (Group 5,
Figure 4 , E). Similarly, OCT changes can start with contin-
uous EZ (Grade 1, Figure 1 , A), followed by EZ disruption
(Grade 2, Figure 1 , B), then EZ absence (Grade 3, Figure 1 ,
C) or loss of EZ and a hyporeflective zone (Grade 4,
Figure 1 , D), and finally outer retina and RPE complex loss
(Grade 4, Figure 1 , E). The continuous appearance of the
EZ does not translate to the normal outer retina structure
because of the severely decreased ONL thickness ( Figure 3 ,
E), in agreement with a previous report by Sergouniotis
and associates. 17 The low proportion of patients with FAF
Groups 3 and 4, and OCT Grades 3 and 4 ( Table 1 ) in our
study, can support the speculation that those stages are short
transitional state of the disease natural history, in contrast
to CNGB3 -, CNGA3 -, and PDE6C -achromatopsia where
Grade 4 is more common. 29 , 30 , 33 KCNV2 -retinopathy is a
slowly progressive disease with early retinal changes. 

• DISEASE SYMMETRY: All the parameters examined in the
study, both qualitative and quantitative, were evaluated for
disease symmetry. The quantitative FAF (DAF area, base-
line ring area, and annual rate of progression) and OCT
(EZW loss, rate of EZW loss, and ONL thickness) parame-
ters were not significantly different between eyes, as well as
the qualitative assessment for the FAF group (100%) and
OCT grade (96.5%). The identified disease symmetry sug-
gests similar therapeutic potential for both eyes, and it is
of value for randomization in clinical trials, with the fel-
low eye serving as control for the treated eye. However,
rare instances of asymmetry (Supplemental Figure 1 ) should
be considered when stratifying patients and evaluating the
outcomes of future clinical trials and were only observed
with OCT imaging. Disease symmetry can be a screen-
ing inclusion criterion for a trial. In this respect, KCNV2 -
retinopathy is similar to other inherited retinal diseases,
which show a high degree of interocular symmetry. 28 , 29 , 34 

• IMAGING ENDPOINTS: An ideal endpoint for clinical tri-
als should have certain characteristics, including being re-
peatable and reliable, being identified/acquired in a good
proportion of patients, having clinical significance and im-
pact on the quality of life, and to be able to identify a change
within the time frame of the trial (1-3 years). 35 FAF and
OCT endpoints are meaningful in progressive diseases be-
cause they can indicate relative stability or arrested degen-
eration in the treated eye. Less than one-quarter of the pa-
tients (23.5%) changed the FAF group, and just over one-
third of the patients (36.1%) changed OCT grade over a
mean follow-up of 5.9 and 5.46 years, respectively. OCT
qualitative assessment was able to identify progression in a
greater proportion of patients over slightly shorter follow-
up, but given the small number of patients, participating in
trials and the long follow-up needed are unlikely to provide
8 AMERICAN JOURNAL OF OPHTH
 useful primary outcome measure. OCT quantitative mea-
urements can be more sensitive to identifying a change, but
ere smaller in magnitude in KCNV2 -retinopathy than in
ther progressive conditions (eg, RPE65 and ABCA4 dis-
ases) 36 , 37 and greater than in more stationary conditions,
or example, achromatopsia. 38 Repeatability and reliability
f the measurements in the current study was not evaluated;
owever, based on recent studies in other inherited retinal
iseases that evaluated ONL thickness, 39 DAF area, 28 and
ZW loss, 37 it is unlikely that these small OCT changes will
e sufficiently robust to exceed the repeatability coefficient.

Another noteworthy observation is the relative propor-
ion of patients with quantifiable FAF and OCT features,
ith a ring of increased signal being identified in less than
alf of the cohort (44%), DAF being present only in Group
 FAF (32.1%), and EZW loss only present in Grade 3
nd 4 OCT (combined 28.4%). In direct contrast, ONL
hickness can be quantified in a large proportion of patients
Grades 1-4, 75%), who importantly are also likely can-
idates for potential intervention (eg, lack of foveal atro-
hy). The identification of a reliable and repeatable OCT
r FAF measurement that applies to most of the patients
ith KCNV2 -retinopathy may therefore be challenging. 

WINDOW FOR INTERVENTION: Sergouniotis and asso-
iates 17 suggested a window of opportunity in an OCT
tudy (n = 12), during which novel therapeutic interven-
ion, such as gene augmentation therapy, may rescue retinal
unction, despite the early structural changes observed. 15

eport No. 1 identified a normal rate of age-associated
hange on full-field ERGs, consistent with largely stable
eripheral retinal dysfunction across 6 decades. 4 Stockman
nd associates 40 psychophysically characterized the disease
nd suggested an intact phototransduction process. Patients
ith retinal atrophy (OCT Grade 5) are unlikely to ben-
fit from gene therapy, given the lack of foveal photore-
eptors and the relatively stable peripheral retinal func-
ion. Patients with OCT Grades 1-4 have preserved ONL
nd are likely to benefit from intervention, with the sub-
et of patients with preserved EZ (OCT Grades 1 and 2),
aving even greater potential. Seventy-five percent of our
ohort had OCT Grades 1-4, and almost half of the co-
ort had Grades 1 and 2 (46%), with an age range of 4-
1 years ( Table 1 ). As shown on the boxplots in Figure 3 ,
, most of the patients with Grades 1-4 are below the age
f 40 years, but with an overlap between grades and with
o patient developing atrophy before the age of 19 years
 Table 1 ). Overall, the window for intervention is likely
o be up to approximately 40 years old, with every pa-
ient needing to be assessed individually for the presence
f retinal atrophy—given the variability and overlap in
rades. 

FUTURE DIRECTIONS: Investigation of retinal sensitiv-
ty measurements and their correlation with the struc-
ural findings of KCNV2 -retinopathy may be a broadly
ALMOLOGY OCTOBER 2021 
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applicable endpoint. Report No. 1 investigated the ge-
netic background of the disease but was not able to iden-
tify any definite genotype-phenotype correlations; 4 these
would however be valuable both to inform advice to pa-
tients on their prognosis and to potentially aid stratifica-
tion of trial participants, for example, by their rate of pro-
gression/greater disease severity. In addition, the presence
of intrafamilial variability is a common feature in inher-
ited retinal diseases and has not previously been explored in
KCNV2 -retinopathy. 

Moreover, a pilot study of advanced retinal imaging with
adaptive optics has previously identified decreased cone
density in KCNV2 -retinopathy. 15 Further investigation us-
ing imaging systems with greater resolution, 41 more exten-
sive protocols, and longitudinal prospective assessment will
be valuable to better characterize how rescuable the pho-
toreceptor mosaic is in KCNV2 -retinopathy and also may
identify novel structural endpoints. Also, prospective stan-
dardized acquisition of OCT and FAF imaging at regular in-
tervals in a large cohort may further elucidate disease natu-
ral history, including allowing application of other measure-
ments not explored herein (eg, EZ area) and assessment of
“presymptomatic” patients. 

• LIMITATIONS: Several limitations can be identified in
the current study, due to its retrospective and multisite na-
ture. Not all the data were available for all patients, and
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