
The standard diagnostic and 
management framework 
for adults with inherited 
retinal diseases (IRDs) is well 
established, with symptom-
driven referral, multimodal 
imaging, genetic testing, 
and, for a small subset, 
enrollment in clinical trials. 
However, children with an 

IRD represent a different clinical challenge, with distinct 
diagnostic pathways, phenotypic expression, and barriers to 
trial access (Table). A key limitation is the lack of imaging 
and functional technologies for children, making early and 
reliable disease characterization difficult. Here, we examine 
the differences in diagnostic delays, phenotypes, and 
management in children with IRDs compared with adults.

 D I A G N O S I S A N D C L I N I C A L P R E S E N T A T I O N 
Children with IRDs face significant diagnostic delays. 

For example, in our study of 87 patients with molecularly 

confirmed Stargardt disease at Duke University, the mean 
time from symptom onset to first IRD specialist evaluation 
was 9 years for early-onset patients (presenting in early 
childhood) and 14.4 years for intermediate-onset patients 
(presenting in adolescence) compared with 6.4 years for 
late-onset patients (presenting after age 45). The mean 
time from symptom onset to molecular diagnosis was even 
longer at 10.9 and 14 years for early- and intermediate-
onset, respectively, compared with 6.7 years for late-onset.1 
In another study of 1,096 adult patients with an IRD 
across the United Kingdom and Latin America, the mean 
time from symptom onset to molecular diagnosis was 
6.4 ± 9.1 years, with 57% waiting more than 1 year. Notably, 
children were 2.1 times more likely to wait more than 
1 year for a diagnosis compared with adults.2

The reasons for this delay are multifactorial. Young 
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children cannot articulate visual symptoms, and the 
presenting complaint is often parental concern about a 
child’s visual behavior, not a self-report of central scotoma 
or photophobia, as is more typical for adults. In children, 
nystagmus (76%) and abnormal visual behavior (28%) often 
lead to initial evaluation by a pediatric ophthalmologist 
and pediatric neurologist rather than a retina specialist.3 

In addition, the nonspecific visual symptoms can be 
accompanied by a normal fundus examination, making 
diagnosis based on clinical examination more challenging. 
Early-onset Stargardt disease frequently presents with 
vision loss and cone-rod dysfunction on electroretinogram 
(ERG) that precedes any visible fundus abnormality.4,5 In 
a series of 31 patients with early-onset Stargardt disease 
without fundus findings, 87% experienced delayed diag-
nosis (median 3 years), and 94% had visited more than two 
hospitals misdiagnosed as amblyopia, functional vision loss, 
or optic neuropathy.4 Even in Leber congenital amaurosis, 
profound vision loss, nystagmus, and an undetectable ERG 
appear in the first 6 months of life, yet the fundus can 
appear normal at initial examination.3 

Meanwhile, intermediate- and late-onset Stargardt 
disease show characteristic fundus autofluorescence (FAF) 
changes, while retinitis pigmentosa in adults shows ellipsoid 
zone (EZ) loss correlating with night blindness and periph-
eral visual field constriction.6,7 Patients with late-onset 
Stargardt disease were misdiagnosed with AMD in 22% of 
cases, but the clinical presentation (macular atrophy, pres-
ence of flecks) tends to be interpretable enough to eventu-
ally prompt appropriate workup.1 

Furthermore, IRD progression can be faster in chil-
dren compared with adults. For instance, annual EZ 

area loss in childhood-onset Stargardt disease averaged 
1.20 ± .29 mm²/year, approximately three times the adult 
progression rate, and FAF showed that decreased definitive 
autofluorescence lesion growth in childhood-onset patients 
progresses roughly twice as fast as in adult-onset cohorts.8-10 
In our study, nearly 90% of early-onset patients lost subfoveal 
EZ integrity before reaching the IRD clinic, compared with 
30% of adults with late-onset Stargardt disease.1 

 T H E R O L E O F I M A G I N G 
Because most diagnostic tests are optimized for adults 

and difficult to perform in children, OCT imaging has 
become crucial to detect photoreceptor degenerative 
changes across different genotypes. Currently, there 
is only one commercially available handheld spectral-
domain OCT (Envisu C2300, Leica), which was approved 
by the FDA in 2007.11 However, its acquisition speed is 
suboptimal for children with IRDs, particularly those with 
nystagmus. To address this limitation, Duke has developed 
an investigational noncontact, 1,064 nm wavelength, high 
speed (400 kHz) handheld swept-source OCT (SS-OCT). 
Our group evaluated the feasibility of the Duke handheld 
SS-OCT and showed that successful imaging was achieved 
in 81.1% of awake children with IRDs, providing a unique 
opportunity to evaluate early retinal changes without the 
need for examination under anesthesia.12 Other investiga-
tional ultra-widefield handheld SS-OCTs (eg, Theia T1-W, 
Theia Imaging) are currently being developed and have 
been shown to successfully image infants and children, 
both in clinic and under anesthesia.13 

To bridge the gap between the International Society 
for Clinical Electrophysiology of Vision (ISCEV) standard 
protocol and the Great Ormond Street Hospital (GOSH) 
approach, we are integrating portable full-field ERG into 
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 �Children with inherited retinal diseases (IRDs) 
tend to experience faster disease progression and 
significant diagnostic delays due to a mismatch 
between patient/caregiver complaints and clinical 
examination.
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 �Handheld imaging, such as swept-source OCT and 
portable full-field electroretinography, are under 
investigation as tools to improve diagnosis and 
disease monitoring in the pediatric IRD population. 

s

 �The field needs additional studies to validate 
functional endpoints that are feasible in a pediatric 
population, or structural endpoints that are more 
objective and do not rely on patient cooperation.

Figure. Portable full-field ERG performed in a pediatric patient using periocular skin 
electrodes and handheld flash stimulation, demonstrating a child-friendly, non-
mydriatic approach with minimal dark adaptation.
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our pediatric retinal evaluation. ISCEV-ERG remains the 
standard but requires prolonged dark adaptation, corneal 
electrodes, and sustained cooperation, often necessi-
tating examination under anesthesia in young children. In 
contrast, the GOSH-ERG enables rapid, awake testing using 
skin electrodes, minimal dark adaptation, and handheld 
stimulation, while maintaining strong concordance with 
ISCEV responses (Figure). This approach reduces reliance 
on anesthesia and expands access to functional retinal 
assessment in pediatric IRD.

 G E N E T I C T E S T I N G A N D C O U N S E L I N G 
Genetic testing is key to diagnosing IRD, but access 

remains limited, particularly for children. While commer-
cial IRD gene panels (200 to 350 genes) and sponsored 
programs have expanded availability, children are less likely 
to go undergo testing due to referral gaps and logistical 
barriers. In a nationwide survey of pediatric retina and 
IRD specialists, children on Medicaid were perceived to 
have greater difficulty obtaining genetic testing despite 
state-level analysis indicating coverage in approximately 
two-thirds of states (68.6%); most providers were uncertain 
about this coverage, highlighting variability and poor trans-
parency across policies. Cost concerns exceeded uncer-
tainty in result interpretation or management as well.14 

 C L I N I C A L T R I A L S A N D M A N A G E M E N T 
Gene therapies, antisense oligonucleotides, and small 

molecules are in active clinical trials for Stargardt disease, 
X-linked retinitis pigmentosa, Usher syndrome 2A, and 
CNGB3/CNGA3 achromatopsia. Most trials were designed 
for adults: Eligibility typically requires BCVA between 
approximately 20/32 and 20/400 in the study eye, coopera-
tive full-field ERG and Goldmann visual field testing, and a 
minimum of 18 years of age. For adults who reach an IRD 
specialist with moderate vision loss and preserved photore-
ceptor structure, these windows are generally accessible.

Children face a paradoxical exclusion from clinical trials 
in Stargardt disease: Their disease progression is often too 

advanced based on OCT imaging but too early based on FAF. 
In our Stargardt cohort, nearly 90% of early-onset patients 
had lost subfoveal EZ integrity at presentation, while FAF 
frequently showed questionable decreased autofluores-
cence.1 Because many Stargardt trials require a minimum 
area of decreased definitive autofluorescence, these children 
do not meet enrollment criteria despite established photo-
receptor damage.2 Functional tests are also more challenging 
to perform on children. ERG requires sedation in young 
children and produces results not directly comparable with 
adult normative data (ie, smaller amplitudes, delayed implicit 
times).15,16 Goldmann visual field testing is similarly unreli-
able before 7 to 8 years of age.17 Currently, full-field stimulus 
testing requiring no fixation is the validated endpoint for 
severe pediatric vision loss. It was accepted as a clinical trial 
endpoint by the FDA for voretigene neparvovec (Luxturna, 
Spark) and is feasible in school-age children; the multi-
luminance mobility test is feasible from 4 years of age.18-21 
The use of EZ width measurements remains exploratory. 
Overall, this highlights the need for additional studies to 
validate other functional endpoints that are feasible in a 
pediatric population, or ideally structural endpoints that are 
more objective and do not rely on patient cooperation. 

 T A K E T H E P I C T U R E 
Children with IRDs face unique challenges, such as 

diagnostic delays, potential faster IRD progression, and 
difficulty with functional testing for trial endpoints. Some 
solutions for addressing these challenges include educating 
all pediatric eye providers on the importance of obtaining 
multimodal imaging, such as OCT and FAF, in children with 
visual impairment, even in the presence of a normal fundus 
examination. This can streamline referrals to IRD specialists 
and genetic testing, and further development of structural 
endpoints for clinical trials in IRDs.  n
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