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Purpose/Relevance:  Response to an AAPOS member poll overwhelmingly showed that 
pediatric ophthalmologists see genetic eye disorder patients at least once a week; however, only 
18% of AAPOS members responded to the poll. Many members may not realize they are seeing 
genetic eye disorders, although they are common in the pediatric ophthalmology practice.  In the 
molecular genetic era, early recognition of these genetic disorders in everyday practice is 
important.  
 
Target Audience:  Pediatric ophthalmologists, residents, fellows   
 
Current Practice:  Pediatric ophthalmologists have variable experience with recognizing and 
evaluating genetic eye disorders.  Although knowledge has expanded exponentially over the past 
10 years, practitioners may approach patients with common conditions in the same way as in the 
past, missing opportunities to diagnose and treat early with knowledge of the molecular genetic 
basis.   
 
Best Practice:  Recognizing when a disorder, even a common one, maybe genetic is the first 
step toward diagnosis and treatment.  Once recognized, appropriate clinical testing with ERG, 
OCT, VEP, and molecular genetic testing can be pursued.  Coordination of care with genetic eye 
disease specialists, genetic counselors, or medical geneticists is vital.    
 
Expected Outcomes: (1) Clinicians will become familiar with disorders seen in general pediatric 
ophthalmology clinics that may have a genetic basis.  (2) Clinicians will be able to devise a 
workup utilizing ERG, OCT, VEP, molecular genetic testing, and referral to specialists.   
 
Format:   
The workshop will begin with an overview of commonly used testing modalities like ERG, OCT, 
VEP, and genetic testing.   
Case-based vignettes of common clinical presentations that may have a genetic basis will be 
reviewed.  The cases will include high refractive errors, reduced best-corrected visual acuity, 
photophobia, and esotropia with nystagmus. Confirmatory molecular genetic testing, the use of 
ancillary clinical testing, genetic testing, and highlights will be discussed for each case.   
 
Summary:  This workshop will provide techniques for recognizing and evaluating patients with 
unsuspected genetic eye disorders hiding in plain sight.   
  



I. Toolbox of testing available for pediatric patients with suspected genetic eye 
disorders 
 

Arlene Drack MD, University of Iowa 
 
When to consider a genetic eye disorder in the use of your toolbox? 

• When a child’s best-corrected visual acuity with correction is not normal for age 

• Whenever a child has congenital nystagmus, even with good vision 

• When vision is much worse in dim lighting OR bright light 

• When malingering is suspected 

• Any time your gut tells you something just isn’t adding up 
 
Individual testing modalities: 
 

a. Full-field Electroretinogram (ERG)—records a mass response of the retina.  
This test detects widespread photoreceptor dysfunction and has specific patterns 
denoting rod disorders, cone disorders, or mixed rod/cone.  Some ERG patterns 
are so distinctive they are diagnostic of specific disorders. The ERG is performed 
by placing an electrode on the eye or the skin around the eye and recording the 
response to light flashes in either the light-adapted or dark-adapted state. 

i. Types of ERG electrodes (contact lens, fiber, skin) 
ii. Standard binocular ERG recording 
iii. RetEval handheld ERG 

 
 

 
 
The above image is from the AAO BCSC with additions by Arlene Drack, MD 
 

b. Visually evoked potentials  (VEP) 
i. VEP is performed to assess the integrity of the visual pathways  



ii. VEP is abnormal in: 
- Disorders that diminish retinal function, because the 

retina has to provide a signal to the optic nerve 
- Disorders of the optic nerve, tract, occipital lobe 

iii. VEP abnormal/ERG normal = optic nerve or posterior disorder 
iv. 3 channels VEP is used to evaluate for optic chiasm misrouting in 

patients with suspected oculocutaneous albinism 
 

 
c. Optical Coherence Tomography (OCT)  

i. OCT can be thought of as ultrasound using light waves.  The images 
have an almost histologic appearance and allow detailed examination of 
the layers of the retina, such as the outer nuclear layer, inner nuclear 
layer, ganglion cell layer, as well as evaluation of the fovea.   

ii. The OCT can be diagnostic for certain disorders such as Juvenile X-
linked Retinoschisis and foveal hypoplasia associated with albinism or 
aniridia/PAX6 related disease.  
 

 
Image source: Staurenghi, Giovanni et al. Ophthalmology, Volume 121, Issue 8, 1572 - 1578 
 
 

 
  



Alina V Dumitrescu MD, University of Iowa  
 

Molecular Genetic Testing  
 
Usually (not always) a genetically-determined ocular condition is clinically recognized as being 
bilateral and somewhat symmetric. The age of onset is NOT a factor.  
The diagnosis of an inherited condition is not 100% completed unless confirmed with genetic 
testing with segregation within the pedigree.  
 
Molecular genetic testing is very useful for: 

• Clarifying/identifying a specific diagnosis,  

• Inheritance patterns, patient and family counseling on visual prognosis,  

• Establishing recurrence risk for siblings and offspring 

• Access to treatments.  
 
There are different ways to do Genetic Testing, the most commonly used are detailed below. 
 
A brief overview of genetic testing: 



Test type Indications Advantages Limitations Comments 

Karyotype Assess the ploidy 
status of all 24 
chromosomes (22 + 
X/Y) 
 

Accessible, can be 
performed prenatally 

Not suitable for 
small chromosomal 
abnormalities 

Used pre-and postnatally as a screening or for 
multiple anomalies 
Examples: Trisomy 21, Robertsonian 
translocation, XXY, etc. 

Information on the 
sizes and shapes of 
each chromosome 

Sensitive and specific for 
aneuploidy and 
translocations 

Not designed for 
single gene analysis 

Generally used by pediatric geneticist rather than 
an ophthalmologist 

Chromosome 
MicroArray 

Multiple abnormalities 
not specific to a well-
described syndrome 
(ex. microphthalmia or 
coloboma with 
developmental delay) 

Cost-effective and 
informative when used 
correctly 

Can only detect 
CNV above a 
certain size 

When abnormal, usually multiple abnormalities 
need to be understood and discussed with family 

Suspicion for multiple 
genetic abnormalities 
involving adjacent 
genes 

High-resolution analysis of 
CNV, translocations, and 
areas of homozygosity 

Cannot identify 
balanced structural 
changes and low-
level mosaicism or 
single gene 
abnormalities 

Determining pathogenicity and genotype-
phenotype correlation is complex 

Single gene testing - 
allele-specific testing 

Targeted mutations for 
a disease known in the 
pedigree 

Cost-effective and time-
sensitive 

If negative does not 
exclude the disease 

Useful for autosomal dominant and X-linked 
inherited disorders 

Very specific and 
complete phenotype 
(ex. X-linked 
retinoschisis) 

If positive, is diagnostic and 
does not yield additional 
findings needing 
interpretation 

If negative, requires 
additional testing for 
diagnosis 

Avoids findings unrelated to the diagnosis  

Insurance/testing 
availability 

Can be used for family planning 

To establish carrier 
status for known 
diseases 

Targeted gene 
sequencing panels  

Disorders with known 
genetic heterogeneity 
(ex. LCA, OCA) 

Tailored to a disease 
category.  
Can be customized. 

Genes included on 
similar disease-

Ordering providers are responsible for 
interpreting the results, understanding the 
limitation of the panel and the evidence 



Include single nucleotide 
variance, insertions, and 
deletions. 

focused panels vary 
among laboratories 

behind the pathogenicity of genes included in 
the panel. 
 

Disorders with clinical 
heterogeneity (ex. RP, 
cone dystrophy) 

Maximize target coverage 
and avoid secondary 
findings. 
 

Findings from gene sequencing need to be 
confirmed with parental samples (segregation or 
phase) 

Individuals of specific 
ethnic groups (ex. 
Amish) 

Targeted for ethnicity-based 
disorders and founder 
mutations 

For diseases with 
unevenly distributed 
gene association, 
only the common 
genes might be 
included (ex. OCA 
1-4 only) 

A negative result can mean:  
1) the gene involved is not yet known,  
2) the variant was missed as the tests do not have 
100% sensitivity  
3) the variant may not be coding, etc. 
4) differential diagnosis needs to be broadened; 
additional testing is needed 

Genes associated with 
syndromes that have 
commonly clinical 
overlap with isolated 
presentations (ex. 
hearing loss) 

Early diagnosis, before all 
the features of the 
syndrome, occur 

Panels include only 
the coding 
sequence of the 
selected genes on 
the panel (non-
coding areas are not 
sequenced) 

VUS needs to be reported/discussed with the 
family by the ordering physician.  
Their pathogenicity might change over time 
with new supporting evidence. 

Large gene 
sequencing panels - 
commercial and 
noncommercial 

Phenotypes with broad 
overlapping features 
(ex. retinal dystrophy) 

Very broad coverage, 
usually hundreds of genes. 
 

Genes included on 
the panel vary by 
laboratories  

Can be very useful, however ordering providers 
have to be aware of genetic data sharing and 
storage policies for individual noncommercial labs 
 
FFB IRD Blueprints panel and ID your IRD Invitae 
panel are examples of panels that use targeted 
gene sequencing 

Usually includes genes 
based on published 
literature and variant 
databases 

Coverage of various 
regions (ex. ORF) 
variable by the 
panel 

Positive and negative results have to be 
interpreted in the context of the phenotype with 
parental segregation 

Lack of coverage for 
commercial testing 

Can include mitochondrial 
genes and CNV analysis 

Reports VUS Increase chances of unexpected results 



Whole exome 
sequencing 

Complex phenotype 
with broad differential 
diagnosis 

Covers genes with low 
penetrance 

Large information 
output requiring 
expert 
bioinformatics 
analysis 

To be able to interpret a result one needs a 
clinical diagnosis, differential diagnosis, and a 
presumed mode of inheritance (AD, AR, XL, 
Mitochondrial). 
 
Once a result is obtained the requester, with the 
genetic team must ensure that it fits the clinical 
phenotype and segregation analysis with parents 
and other affected or unaffected individuals on the 
pedigree. 

Highly genetically 
heterogeneous 
disorders 

Sequencing all of the 
protein-coding regions of 
genes in a genome (known 
as the exome) 

Identifies 
pathogenic variance 
in diseases with 
variable expressivity 
that may not match 
the phenotype 

Gene sequencing 
panels are not 
available 

Can detect mutations not 
reported previously 

A large number of 
VUS and likely 
pathogenic new 
mutations that 
require validation 
and counseling 

We all carry thousands of genetic variants, which 
make us all different.  
 
When a variant is identified on genetic testing it is 
the responsibility of the ordering provider to 
determine whether it is disease-causing or not for 
the specific phenotype. Targeted genetic 

testing was negative 
Can compare the index 
patient genomic data with 
family members to improve 
variant filtering and 
interpretation. 

Although the cost is 
improving, it is still 
very expensive 

Whole-genome 
sequencing 

Most commonly used 
as a powerful tool for 
genomics research 

Sequencing the complete 
DNA of an organism’s 
genome at a single time 
(coding and non-coding) 

Difficult to interpret 
intronic and non-
coding regions of 
the genome 

Usually used in research, for unusual clinical 
situations, or when extensive previous testing is 
negative. 
 
All the above considerations apply. Provides a high-resolution, 

base-by-base view of the 
genome 

Require substantial 
computational and 
biomedical 
resources to acquire 
and analyze large 
and complex 
sequence data 

Great research tool for 
identification of gene 

Currently 
prohibitively 



functions and their 
involvement in disease 

expensive for clinic 
use 

CNV - copy number variants (deletion or duplication); LCA – Leber’s congenital amaurosis; RP - retinitis pigmentosa; VUS - variants of unknown 
significance; FFB - Foundation Fighting Blindness; IRD - inherited retinal disorder; ORF - open reading frame



 
II. Cases 

 
Case 1:  High refractive errors–myopia associated with CSNB due to TRPM1 mutations 

Mary Whitman MD, Ph.D., Boston Children’s Hospital, Harvard Medical School  

• the clinical scenario  

4-year-old healthy, boy presents with “holding books close to face.”  
Ocular History: Spasmus nutans (SN) that resolved at 2 years of age, normal MRI orbits/brain  
Birth History/PMH: Non-contributory 
Family History: No FHx of any ocular diseases.  Parents do not wear glasses.  Non-contributory 
otherwise. 
Social History: Within normal limits.  
Development: Within normal limits  
 
Exam:  

 
RIGHT EYE  LEFT EYE 

BCVA 20/25 [-5.00+0.75x010] 20/30 [-5.5+1.75x033] 

Pupils Brisk, 4→2 mm, no APD OU 

Stereo 4/7 Randot  

Color Full in each eye (HRR)  

Sensorimotor 
Exam  

Within normal limits (no nystagmus) 

CVF  Initiated saccades to peripheral target in all 4 quadrants (toy) 

Anterior 
segment  

Normal  Normal  

 
Posterior Segment:  

 
 



What would you do next?  
A. Prescribe glasses, follow-up 1 year 
B. Discuss risks, benefits, alternatives to low dose atropine to prevent further myopic 

progression 
C. Ask additional questions  
D. Order additional testing  

Prescribe glasses, based on cycloplegic refraction, however, we should not stop there.  

Symptoms of diseases associated with early-onset juvenile high myopia: 

- photodysphoria  
- identifying colors (formally test if at all possible)?  
- nyctalopia  
- visual field effect 

Examples of nyctalopia based on age : 

Infant: difficulty looking at parents’ faces or feeding in dim/dark illumination compared to a well-lit 
environment 

Toddler: difficulty visually locating parents in a dark room, tending to cling to parents when 
walking at night  

Older children: inability to see stars at night; it takes longer for his/her eyes to adjust in a dark 
movie theatre or street than his/her friends’ 

Jefferson Doyle MD Ph.D., Wilmer Eye Institute, Johns Hopkins Hospital 

• testing/workup  

Differential diagnosis of early-onset juvenile myopia is broad and clinical eye exam findings, 
symptoms, and family history are guiding the workup. In this case, the clinical exam is suggestive 
of early-onset myopia and possible nyctalopia. 

Full-field ERG was performed and showed electronegative pattern. The suspected clinical 
diagnosis is congenital stationary night blindness (CSNB). 

If the child is older, consider Goldmann VF or automated perimetry.  
Fundus photos and autofluorescence may also be considered to detect early retinal 
degeneration.  
If visual acuity is subnormal, consider OCT to evaluate for foveal or outer-retinal abnormalities 
(e.g. retinal dystrophy).  



 

Differential Diagnosis: Electronegative ERG in 
a Child 

• XL retinoschisis (XL)  
•  CSNB (Schubert-Borschein type AR, XL)  
•  Early Juvenile Batten Disease (AR, 

CLN3) 
•  Infantile Refsum Disease  
•  Occasionally: Rod-cone, Cone-rod 

dystrophies 
•  Duchenne-Becker Muscular Dystrophy 

(XL) 
•  Mucolipidosis IV  
•  Autosomal Dominant Neovascular 

Inflammatory Vitreoretinopathy  
•  Acquired: Melanoma-associated; DUSN  
•  Medications: e.g. Vigabatrin (Sabril) 

 

Virginia Miraldi Utz MD, Cincinnati Children’s Hospital Medical Center 

• Genetic testing and Counseling  

 

Genetic testing and genetic counseling were offered to the family and the patient was found to 
have likely pathogenic mutations in TRPM1 gene. 
The next step in confirming the diagnosis is family segregation. The ordering physician should be 
able to interpret unexpected findings. An example is given here as family segregation, which 
initially failed to show a paternal mutation. 
Possible causes are: 

• 2nd variant is de novo in patient   
• Laboratory testing error  



• Non-paternity  
• Uniparental disomy  
• Larger deletion that is not detected by the testing method 

 
TRPM1-associated CSNB is autosomal recessive, generally nonprogressive retinal dystrophy 
associated with variable degrees of decreased visual acuity and nyctalopia. Patients develop 
significant progressive high myopia with an increased risk of retinal detachment. 
 

Natario L Couser MD, Children’s Hospital of Richmond, Virginia Commonwealth University 

• summary and take-home points of juvenile high myopia 

Type of myopia: Refractive v. Axial 

 

The onset of myopia and severity 
 

 



Differential Diagnosis for Early-Onset Myopia 
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Case 2: reduced best-corrected visual acuity –Stargardt disease 

Janice Lasky Zeid MD, Ann & Robert H. Lurie Children’s Hospital, Northwestern University 
Feinberg School of Medicine  

• clinical scenario  

14-year-old healthy, boy presents with “holding books close to face.”  
Ocular History: glasses for myopia since 4 years old 
Birth History/PMH: Non-contributory 
Family History: No FHx of any ocular diseases.  Parents do not wear glasses.  Non-contributory 
otherwise. 
Social History: Within normal limits.  
Development: Within normal limits  
 

 
RIGHT EYE  LEFT EYE 

BCVA 20/125 [-2.00+0.75x010] 20/200 [-2.5+1.75x033] 

Pupils Brisk, 4→2 mm, no APD OU 

Stereo 4/7 randot  

Color Full in each eye (HRR)  

Sensorimotor 
Exam  

Within normal limits (no nystagmus) 

CVF  Full to confrontation 

Anterior 
segment  

Normal  Normal  

 
Posterior Segment (both eyes the same:  

 

Clinical presentation of decreased best-corrected visual acuity and fundus findings, in this case, 
are suggestive of clinical diagnosis of Stargardt disease.  



What would you do next?  
A. Prescribe glasses, follow-up 1 year 
B. Discuss risks, benefits, alternatives to low dose atropine to prevent further myopic 

progression 
C. Ask additional questions  
D. Order additional testing  

 

The pediatric onset of Stargardt disease and relationship between age of diagnosis and 
progression 

 

 

Melanie Schmitt MD, University of Wisconsin-Madison 

• work up in clinically suspected Stargardt disease includes: 

Electroretinogram (ERG) - Normal in this patient (53%) but can be Abnormal (47%): may observe 
isolated isolated cone (15.5%), cone-rod (17.6%), or rod-cone dysfunction (14.2%). Also useful 
for other diseases included in the differential diagnosis, like Batten disease. 

Fundus Photography - Great variability, atypical especially at a young age 

Fundus Autofluorescence - can aid in the diagnosis, especially early in the disease progression. 
Should be used with caution in patients with retinal dystrophies 

Macular Optical Coherence Tomography (OCT) - very helpful in identifying deposits at the level of 
the RPE and loss of outer retina (photoreceptors, ELM) in the foveal and macular area. 

Visual Field Testing using Goldmann or Humphrey perimetry - when possible to perform (due to 
age and cooperation) – shows the typical finding of a central scotoma but can be variable. Visual 
field testing is often unreliable in children. 



Arif Khan MD, Cleveland Clinic, Abu Dhabi, United Arab Emirates 

• Genetic testing/counseling for a case of suspected Stargardt disease 

Genetic testing should be ordered/interpreted by an experienced provider which can provide pre-
and post-test genetic counseling as well as interpretation of the results. 

Genetic variations that cause disease in some populations might not lead to the same phenotype 
in other populations due to background genetic variability. 

Conventional testing does not reveal a 2nd mutant allele in up to 60+% of patients with clinically 
diagnosed Stargardt disease.  

For the patient in this scenario, a multi-gene panel for Stargardt disease was done and Bi-allelic 
ABCA4 mutations were confirmed.  

Alex Levin MD MHSc, Flaum Eye Institute, Golisano Children’s Hospital, University of 
Rochester 

• summary and take-home points of reduced best-corrected visual acuity and Stargardt 
disease 

What is Stargardt disease? 
An inherited retinal disorder with onset in childhood and large variability. The diagnosis is 
complex and includes clinical suspicion and confirmation with genetic testing. Differential 
diagnosis includes conditions like Batten disease and cone dystrophies. 
 

Not all ABCA4 disease is Stargardt 
ABCA4 gene has been associated with Stargardt disease however, mutations in this 
large gene have to be interpreted in the context of genetic background and clinical 
features. 

 
Not all “Stargardt” is ABCA4 

Compelling clinical diagnosis with incomplete findings on genetic testing is common. 
Other genes, including dominant inheritance, are associated with the disease.  
When genetic testing is negative the diagnosis should be made after exclusion of other 
diseases in the differential. 
 

Appropriate phenotyping helps understand genotype 
Clinical exam, visual field, color vision, macula OCT, full-field and multifocal ERG, and 
FAF when appropriate, are used for establishing a clinical diagnosis and need to be 
followed by genetic testing for confirmation. 

 
Genotype is not a diagnosis: requires careful interpretation and segregation 

The presence of a sequence variation (mutation) in and the ABCA4 gene (or any gene to 
that matter) does not mean disease. These variations have to be interpreted in context 
with clinical presentation, segregation within the pedigree, and genetic background. 
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Case 3: Photophobia– Congenital hereditary endothelial dystrophy (CHED)  

Kathrine Haider MD, Riley’s Children’s Health, Indiana University School of Medicine  

• clinical scenario  

Parents present with their 10-month-old child.  They are concerned because the infant is very 
photophobic. They think the child sees "OK", but do notice "beautiful haze to both eyes." 
 
Ocular history:  positive for photophobia, no tearing  
Birth/PM History:  full term, unremarkable pregnancy., normal uncomplicated vaginal delivery 
Family history:  specifically no glaucoma, no cataracts, no ocular disease, but positive for 
consanguinity  
Development:  "on track" per parents  
 

 
RIGHT EYE  LEFT EYE 

BCVA Worse than 20/200 Teller Worse than 20/200 Teller 

Pupils Brisk, 4→2 mm, no APD OU 

Stereo Too young to test  

Color Too young to test  

Sensorimotor 
Exam  

Full eom 
Horizontal nystagmus noted 

CVF  Grossly full to toys 

Anterior 
segment  

Ground glass appearance of 
corneas 

Ground glass appearance of 
corneas 

 

 



What do you do next? 
1. EUA? 
2. Molecular genetic testing (if so, what do you test?) 
3. PKP or DSAEK 
4. Other  

Alina Dumitrescu MD, University of Iowa 

• work up of an infant with photophobia 

Differential diagnosis of photophobia in infants includes:  

- congenital glaucoma 
- corneal dystrophies 
- congenital cataracts 
- metabolic disorders like mucopolysaccharidosis 
- oculocutaneous albinism 
- retinal dystrophies (achromatopsia) 
- forceps injuries 

Most commonly examination under anesthesia is necessary. Family history and examination of 
parents can be helpful. 

Clinical elements necessary for diagnosis include:  

- slit-lamp examination (showing bilateral corneal haze and ground-glass appearance of 
the cornea bilaterally, no Haab stria) 

- corneal pachymetry (thick for age) 
- corneal diameter (normal for age) 
- intraocular pressure (adjusted for corneal thickness and conditions of the exam like 

general anesthesia or crying child) 
- axial eye length, usually measured by A scan or immersion (normal for age) 
- fundus exam (cup-to-disc ratio, optic nerve appearance, retinal appearance, foveal 

appearance adjusted for age) 

In this case, examination under anesthesia was suggestive of corneal dystrophy. 

Ian Christopher Lloyd MD, Great Ormond Street Hospital for Children (GOSH) in London, 
United Kingdom 

• genetic testing and counseling  

Congenital corneal dystrophy Genetic testing: 
1. NGS corneal dystrophy panel (UK one includes 23 genes) CHST6, COL17A1, COL8A2, DCN, 
GRHL2, GSN, KERA, KRT12, KRT3, LCAT, MIR184, OVOL2, PIKFYVE, PRDM5, SLC4A11, 
STS, TACSTD2, TCF4, TGFB1, UBIAD1, ZEB1, ZNF469, VSX1) 
2. Whole-exome sequencing 
3. Whole-genome sequencing 

2 heterozygous pathogenic mutations in SLC4A11 identified (Congenital hereditary endothelial 
dystrophy – CHED)  - autosomal recessive disorder 



 

Deborah Alcorn MD 

• summary and take-home points congenital hereditary endothelial dystrophy (CHED) 

Inherited corneal dystrophy, inherited, autosomal recessive, with increased incidence with 
consanguinity. 

Bilateral diffuse corneal edema with appearance ranging from bluish grey ground glass to total 
corneal opacification which is stationary to very slowly progressive, usually present at birth to 
early infancy. 

There may be pendular type nystagmus. 

Inflammation and epiphora are NOT prominent features. 

Histopathologically manifests with atrophic endothelium with a thickened Descemet membrane, 
may be thickened 2-3 x normal. The malformation is partly caused by defective endothelial cell 
adhesion. 

Genetically associated with mutations in SLC4A11 gene which codes for a transmembrane 
protein,  in the family of bicarbonate transporters expressed in corneal endothelium, vestibular 
labyrinth, and spiral fibrocytes of the inner ear( involved in hearing and balance), in the renal 
epithelium (descending loop of Henle)  BUT impairment of kidney function has been 
demonstrated only in mice.   



Harboyan Syndrome is CHED with progressive neurosensory hearing loss. High-frequency 
hearing loss is progressive and may not be evident until 10-15 years of age, though has been 
reported as early as age 4 years.  

It is recommended to perform audiometry to distinguish from non-syndromic CHED  (recall 
SLC4A11 expressed in the inner ear).  

~50% of Harboyan cases are associated with consanguinity. Most cases are homozygous. 

 Not all patients with CHED, carry mutations of SLC4A11, suggesting genetic heterogeneity. 

Treatment options: 

The goal is to maximize vision and prevent amblyopia. The earlier treatment is preferred but must 
weigh risks/complications.  

Definitive treatment is surgical, Penetrating Keratoplasty (PKP) has been the mainstay, but now 
surpassed by endothelial keratoplasty (EK). All are technically challenging in the pediatric 
population both operatively as well as postoperative care and visual rehabilitation. 

PKP carries a high risk of graft failure, glaucoma, and the development of significant high myopia. 
EK grafting carries the risk of lens trauma, glaucoma, refractive change (hyperopia and 
astigmatism) 

DMEK compared to DSAEK has a much thinner graft and does not contain stroma thereby may 
result in better functional outcomes but is more challenging in infants.  

The medical treatment - Nonsteroidal Anti-inflammatories such as Glafenine, Diclofenac, 
Nepafenac. They can restore water flux activity particularly in those patients with the mutation 
resulting in misfolded proteins retained in the endoplasmic reticulum. Glafenine has been shown 
to significantly correct folding defects.  

References: 

1. Malhotra D, Jung M, Fecher-Trost C, Lovatt M, Peh GSL, Noskov S, Mehta JS, 
Zimmermann R, Casey JR. Defective cell adhesion function of solute transporter, 
SLC4A11, in endothelial corneal dystrophies. Hum Mol Genet. 2020 Jan 1;29(1):97-116. 
doi: 10.1093/hmg/ddz259. PMID: 31691803. 

2. Siddiqui S, Zenteno JC, Rice A, Chacón-Camacho O, Naylor SG, Rivera-de la Parra D, 
Spokes DM, James N, Toomes C, Inglehearn CF, Ali M. Congenital hereditary 
endothelial dystrophy caused by SLC4A11 mutations progresses to Harboyan syndrome. 
Cornea. 2014 Mar;33(3):247-51. doi: 10.1097/ICO.0000000000000041. PMID: 
24351571; PMCID: PMC4195577. 

3. Yang F, Hong J, Xiao G, Feng Y, Peng R, Wang M, Qu H. Descemet Stripping 
Endothelial Keratoplasty in Pediatric Patients with Congenital Hereditary Endothelial 
Dystrophy. Am J Ophthalmol. 2020 Jan;209:132-140. doi: 10.1016/j.ajo.2019.08.010. 
Epub 2019 Aug 26. PMID: 31465754. 
 

  



Case 4 esotropia with nystagmus – familial exudative vitreoretinopathy (FEVR)  

Wadih Zein MD, National Eye Institute  

• clinical scenario  

 
A 2-month-old boy presents with bilateral retinal detachments/folds 
Birth History/PMH: No prematurity; microcephaly 
Family History: No FHx of any ocular diseases.  
 
Exam:   

RIGHT EYE  LEFT EYE 

BCVA Poor F&F Poor F&F, slightly better than right 
eye 

Pupils Difficult to assess 

Stereo & Color Cannot measure  

CVF  Cannot perform 

Sensorimotor 
Exam  

Pendular nystagmus. 
RET. 

Anterior segment  Normal  Normal  

 
Posterior Segment:  
 

 



What would you do next? 
 
1. Ask additional questions: 

• Ocular and systemic findings? Growth and development? Hearing loss? 
• Pregnancy history (infections?), Gestational age (ROP)? 
• Family history? 

2. EUA with FA and OCT? MRI? 
3. Recommend parental exam? 
4. Order additional testing? 
 
Differential diagnosis of Retinal folds and incomplete retinal vascularization 

• retinopathy of prematurity (ROP) 
• persistent fetal vasculature (PFV) / congenital cataract 
• Norrie disease / retinal detachment 
• familial exudative vitreoretinopathy (FEVR) 

Arlene Drack MD, University of Iowa  

• work up a retinal folds 

Detailed personal and family history: 
Was the patient premature? What was the exact gestational age? -  Phenotypes can overlap and 
look like stage 5 ROP. 
 
Any 1st and 2nd° relatives with a history of less than 20/20 BCVA, retinal detachment, unable to 
get a driving license due to vision issues, small head circumference, or blind in one eye? 
 
Careful fundus exam and photos which often require exam under anesthesia. 
Fluorescein angiography might be necessary. 
Examination of parents including a fluorescein angiography might be helpful. 
 
Genetic workup including genetic testing of NDP, FZLD4, LRP5, TSPAN12, ZNF408, ATOH7, 
and KIF11 – the last, KIF11, is associated with microcephaly. 
 
The patient presented here had positive genetic testing for a mutation in KIF11 gene which is 
inherited in an autosomal dominant fashion but maybe a spontaneous new mutation. 
 
Options for genetic testing for ocular conditions, currently available at no cost for the patient: 
 



 

 



Aaron Nagiel MD, Ph.D., USC Roski Eye Institute, Children’s Hospital Los Angeles 

• treatment and summary  

FEVR can be associated with a wide range of sequelae that may necessitate tx: 

• Avascularity: From mild to extreme; can be asymmetric 
• Neovascularization 
• Exudation 
• Retinal detachment: Primarily tractional 
• Vitreous hemorrhage: Secondary to chronic NV 

Management of avascularity or neovascularization includes the use of anti-VEGF and laser 
photocoagulation to the avascular retina. Use of ultra-widefield fluorescein angiography is helpful 
and recommended. 

Exudation, retinal detachment, and folds are often not treated due to a high risk for complications 
and low yield for visual improvement. 

Vitreous hemorrhage can be treated with cautious vitrectomy 
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