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Abbreviations 

ACH: Achromatopsia   

Ad: autosomal dominant  

ALMS: Alström syndrome 

AR: autosomal recessive  

BBS: Bardet-Biedl syndrome 

BCVA: best-corrected visual acuity 

ERG: Electroretinography 

CORDs: Cone- Rod dystrophies  

CSNB: Congenital Stationary Night Blindness  

EORD: early-onset retinal dystrophy 

FA: fundus albipunctatus 

FAF: fundus autofluorescence 

HM: hand motion 

IRDs: inherited retinal dystrophies 

JNCL:  juvenile neuronal ceroid-lipofuscins 

JS: Joubert syndrome 

LCA:  Leber congenital amaurosis 

MPS: Mucopolysaccharidosis 

LP: light perception 

NB: night blindness 

OCT: Optical coherence tomography 

OMIM: Online Mendelian Inheritance in Man 

ONL: Outer nuclear layer 

OPL: Outer plexiform layer 
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OS: Outer segment (of the photoreceptor) 

PSP: pseudophacic 

PR:  photoreceptor 

RP: Retinitis pigmentosa 

RPE: Retinal pigment epithelium 

STGD: Stargardt disease 

USH: Usher syndrome 

XLRS: X-linked retinoschisis  

VA: visual acuity 

VF: visual field 
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1. Introduction 

Inherited retinal dystrophies (IRDs) refer to uncommon eye diseases that are due to 

inherited gene mutations. They can cause vision loss and blindness. There are many 

types of IRDs, with diverse symptoms and varied inheritance, which affect around 2 

million people worldwide (incidence 1 in 3000) and may be present from birth or occur  

later in life (Bessant 2001). The patients have various symptoms, including night 

blindness, visual field defects, color vision loss, contrast sensitivity disturbances and 

loss of visual acuity. 

The genetics of retinal dystrophies and stationary dysfunction syndromes has been the 

subject of much research over the past decade and over 270 responsible genes have been 

identified [http://www.sph.uth.tmc.edu/RetNet/]. The majority of dystrophies are 

inherited, but some patients carry a new allelic variant which will then be inherited by 

their children. All modes of inheritance occur in IRDs: autosomal recessive, autosomal 

dominant and X-linked as well as a few cases caused by mitochondrial DNA. Because 

of their heterogenous nature, classification of IRD can be difficult (Bird 1995).  

Retinal dystrophies can be categorized by the subtype of cell that is predominantly 

affected e.g. in rod-cone dystrophies (such as retinitis pigmentosa), the rod 

photoreceptor is affected primarily more than the cone, whilst with macular, cone, or 

cone-rod dystrophies the opposite is true (Henderson 2020). This also holds true for 

central retinal dystrophies and progressive generalized dystrophies where solely the 

macula is involved. Additionally, IRDs can be categorized according to the locus of the 

disease (e.g., photoreceptors, retinal pigment epithelium or choroid), and also whether 

they are stationary, i.e., non-progressive or progressive. Further classification of IRDs is 

according to the main receptor-type affected: e.g., congenital stationary night blindness 

(CSNB) is a stationary rod dystrophy with a normal fundus whereas fundus 

albipunctatus and Oguchi diseases both have an abnormal fundus; achromatopsia 

(ACH) is a stationary cone dystrophy. 

An additional factor for the classification of progressive IRDs is the age of onset of the 

dystrophy; some dystrophies are manifest at birth, some in early childhood and others in 

middle age.  
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In early childhood it may be present in Leber’s congenital amaurosis (LCA), 

achromatopsia (ACH) or congenital stationary night blindness (CSNB). In early 

childhood it can occur in juvenile onset retinitis pigmentosa (RP) or juvenile X-linked 

retinoschisis. However, juvenile macular dystrophy (Morbus Stargardt) and vitelliform 

macular dystrophy (Best disease) are the most common macular dystrophies in this age 

group. Although cone-rod dystrophies or rod-cone dystrophies may occur during early 

childhood and in the teens, it can also occur later in life as later or late onset forms.  

Choroidal dystrophies (choroideremia, gyrate atrophy, Bietti crystalline dystrophy, etc.) 

are to be considered in a differential diagnosis for progressive retinal dystrophy. 

IRDs can occur as isolated dystrophies (non-syndromic) where the disorder is confined 

to the eye or as syndromic dystrophies, where the disease also affects other tissues and 

parts of the body.  

 

1.1 Non-Syndromic retinal dystrophies 

Retinitis pigmentosa (RP) 

Retinitis pigmentosa (OMIM #268000)  is the most common retinal dystrophy and most 

mutations affect rods selectively (Francis 2006). Its prevalence is approximately 1:4000 

depending on the geographic location worldwide (Verbakel et al. 2018). Patients suffer 

from night blindness, visual field constriction, a reduction in visual acuity and retinal 

pigmentation from bone-spicules. RP is genetically heterogeneous with sporadic 

(simplex), autosomal dominant, autosomal recessive or X-linked forms. Over 130 gene 

mutations have been found, that are related to non-syndromic or syndromic RP (RetNet 

– Retinal Information Network, https: //sph.uth.edu/retnet/home.htm. 2019). In most 

cases, the RP symptoms only involve loss of vision, classified as non-syndromic 

RP. The inherited patterns of non-syndromic RP include autosomal recessive (50–60%), 

autosomal dominant (30–40%), and X-linked (5–15%) (see www.rarediseases.org). 

Most retinitis pigmentosa mutations affect rods selectively.  
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Cone-rod dystrophies (CORDs)  

As with RP, CORDs (OMIM # 120970) are genetically heterogeneous with a 

prevalence of around 1:40,000.  The first clinical symptoms are impairment of vision, 

color vision anomalies, visual field loss and a variable degree of nystagmus and 

photophobia followed later by night blindness. Disorders of cone function can be 

usefully divided into stationary (cone dysfunction syndromes) and progressive disorders 

(cone and cone–rod dystrophies) (Michaelides 2004), and can be inherited as autosomal 

recessive (60-70%), autosomal dominant (20-30%) or X-linked recessive traits (5% ) 

(Michaelides et al. 2006). Mutations in 32 genes have been described to date (Gill et al. 

2019). Generally, CORDs are isolated diseases (non-syndromic), although they are 

present in a few syndromes, e.g., spinocerebellar ataxia type 7 (SCA7) and Alström 

syndrome. 

Juvenile macular dystrophy (Stargardt disease STGD) 

STGD is the most common form of inherited macular dystrophy with a prevalence  of 

about 1:10,000 (Sahel, Marazova & Audo 2015). The disease is characterized by foveal 

atrophy and yellow fish tail like pisciform flecks in the RPE in the macula during the 

first or second decade of life which results in a loss of central vision. This is due to the 

accumulation of di-retinoid-pyridinium-ethanolamine, a dimer of vitamin A and 

component of lipofuscin. The patients are classified into 3 groups depending on 

scotopic and photopic measures in the ERG (Lois 2001). Stargardt and fundus 

flavimaculatus are due to the same genetic disorder - a recessive defect in the ABCA4 

gene (Allikmets et al. 1997).  

X-linked retinoschisis (XLRS) 

XLRS (OMIM #312700) is a major determinant of hereditary juvenile macular 

degeneration in males, which causes serious vision impairment. The disorder is due to 

mutations in the RS1 gene which is located on Xp22 and it is manifest as a vitreoretinal 

disorder with schisis (splitting) of the neural retina in a spoke-wheel pattern.  It causes  

a low visual acuity from the first decade of life in men (Molday, Kellner & Weber 

2012). Worldwide the incidence is estimated to be between 1/5,000 and 1/20,000 

(George et al. 1995). The clinical diagnosis of XLRS is based on fundus examination, 
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ERG findings of an electronegative waveform to the dark-adapted maximal response, 

the typical cystic changes on OCT.  

Congenital stationary night blindness (CSNB) 

CSNB causes lifelong night blindness. It is non-progressive. The disease is mostly 

inherited as an X-linked recessive trait (complete (OMIM #310500) and incomplete 

forms (OMIM #300071) but can also have autosomal recessive and rarely autosomal 

dominant inheritance (OMIM #610445, OMIM #163500). It can be divided into two 

groups :1) Schubert–Bornschein type (complete and incomplete) usually presents with 

congenital nystagmus, decreased visual acuity, and myopia, 2) Riggs-type usually has 

normal visual acuity and does not exhibit nystagmus (Boycott et al. 1998, Haim 

2009).The dominant form of CSNB is also known as the Nougaret type, and is similar 

to the Riggs type (Dryja et al. 1996, Sancho-Pelluz et al. 2008). 

Fundus albipunctatus (FA) 

FA is an autosomal recessive disorder which is a type of CSNB. The fundus shows 

small, white spots in the mid-peripheral area that can also spread past the arcades to the 

macula. They correspond with the hyper reflective deposits in the RPE. In older 

patients, FA can additionally be present along with macular involvement, which may 

indicate that there is a progressive loss of macular or cone function rather than a 

stationary disease (Katagiri et al. 2020, Kuehlewein et al. 2017). FA is caused by a 

mutation in the RDH5 gene (OMIM *601617), which encodes 11-cis retinol 

dehydrogenase, a major enzyme in the visual cycle (Yamamoto et al. 1999).  

Achromatopsia 

Achromatopsia is also known as rod monochromacy or total color blindness, It is a 

congenital disease and is estimated to be afflict 1:30,000 individuals (Michaelides 

2004).  Inheritance is  an autosomal recessive or X-linked disorder which affects the 

cone photoreceptors and is associated with an inability to distinguish colors, a severely 

impaired visual acuity, photophobia, and nystagmus. Five genes are known (autosomal 

recessive ): CNGA3, CNGB3, GNAT2, ATF6, PDE6C, and PDE6H (Kohl et al. 2012, 

Wissinger et al. 2001). The clinical manifestations occur early in infancy, and the 

disease course is usually non-or slowly progressive.  
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Achromatopsia can be classified into complete and incomplete forms. 

Complete achromatopsia: The patients usually present in infancy with nystagmus and 

marked photophobia; the nystagmus is often rapid and of low amplitude and may 

improve with age. There is usually a hyperopic refractive error and fundus examination 

is normal. The visual acuity is usually around the level of 20/200, with vision  better in 

dim illumination (Thiadens et al. 2010).  

Incomplete achromatopsia: This presents in a similar way to complete achromatopsia, 

but there is evidence of residual cone function. The best corrected visual acuity is better 

between 20/80 and 20/120 with some residual color vision. 

Leber congenital amaurosis (LCA) 

Leber congenital amaurosis (LCA) are a group of retinal dystrophies where retinal 

function is absent or severely abnormal from birth. It is the most common inherited 

cause of visual impairment in children and can present with blindness at birth or early 

infancy.  Nystagmus, poor vision and photophobia are additional symptoms of LCA. 

The fundus can be normal or has some pigment changes with narrowing in the arterial 

vessels and later optic disc atrophy. A characteristic finding is the so called oculo-digital 

sign where patients repeatedly rub and poke their eyes (Nash et al. 2015). LCA has a 

prevalence of about 1 /33000 to 1/80000 and is believed to account for ≥5% of all IRDs 

(Koenekoop 2004, den Hollander et al. 2008). 

There are two types of LCA: (1) uncomplicated (isolated Leber Congenital Amaurosis ) 

and (2) complicated (with nephron phthisis like Senior–Loken syndrome or with central 

nervous system abnormalities) according to Foxman (Foxman et al. 1985). Mutations in 

18 genes have been described for LCA to date (see RetNet: 

https://sph.uth.edu/retnet/sum-dis.htm). Patients with LCA due to CEP290 or ICQB1 

mutations should have a renal evaluation and neuropediatric examinations with brain 

MRI scans to exclude or confirm Senior-Loken or Joubert syndromes. In most patients, 

LCA is an autosomal recessive trait. Only those due to mutations in  IMPDH1, OTX2  

and  CRX  can be inherited as autosomal dominant conditions (Bowne et al. 2006, 

Ragge et al. 2005, Rivolta, Berson & Dryja 2001). 

 

https://sph.uth.edu/retnet/sum-dis.htm
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1.2 Syndromic retinal dystrophies 

IRDs are normally isolated diseases, with only ocular manifestation, however, in about 

20–30% of patients with RP there is also an associated non-ocular condition (Verbakel 

et al. 2018). The onset of some inherited retinal dystrophy IRDs can be found in 

childhood along with systemic features associated with some syndromes. For example:   

Usher Syndrome 

Usher syndrome is an autosomal recessive disease, that is due to a mutation in one of at 

least 15 genes and causes a progressive retinal degeneration. It is characterized by a rod-

cone dystrophy indistinguishable from retinitis pigmentosa and some degree of hearing 

loss. The prevalence of Usher syndrome in the population is not known exactly, but it 

has been estimated to affect 1:10,000 to 1:20,000 people (see 

https://rarediseases.org/rare-diseases). Ophthalmological symptoms present as poor 

night vision, concentric peripheral visual field loss and visual acuity impairment due to 

RPE-photoreceptor’s atrophy or cystic foveal lesions (Fishman 1995). 

There are 3 forms of Usher syndrome, USH1, USH2 and USH3, depending on the age 

of onset of the sensorineural hearing loss (Smith et al. 1994). Usher syndrome Type1 is 

autosomal recessive, presents with hearing loss at birth and with vestibular dysfunction, 

Additionally, there is a moderate to severe speech abnormality and a retinitis 

pigmentosa normally developing in the second decade of life. It is caused by mutations 

in at least six genes. The most common gene involved is the MYO7A gene, followed by 

CDH23 gene (OMIM # 276900). Usher Syndrome Type 2 is autosomal recessive 

presenting with sensorineural hearing loss from birth without vestibular dysfunction 

(rare), mild to moderate speech abnormality and variable onset retinitis pigmentosa (as 

late as fourth or fifth decade). This type is caused by mutations in one of at least three 

genes, the most common being the USH2A gene (OMIM # 276901). The third type of 

Usher syndrome (3) is an autosomal recessive disorder, with late onset sensorineural 

hearing loss and variable vestibular dysfunction. There is no speech abnormality and 

retinitis pigmentosa develops normally within the second decade of life. It is usually 

caused by the mutations in the CLRN1 gene (OMIM # 276902).  

Types I and 2 are the most common, accounting for over 90% of the cases of Usher 

syndrome. A” pseudo-Usher syndrome “has additionally been described due to an X-

https://rarediseases.org/rare-diseases
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linked recessive mutation in the RPGR gene.  The retinitis pigmentosa presents in men 

in their second decade, can be very variable in women, however with irregular hearing 

loss (Iannaccone 2003).  

Bardet Biedl Syndrome (BBS) 

Bardet–Biedl syndrome (BBS) is an extremely rare autosomal recessive disorder that 

was first reported by Bardet in 1920 and Biedl in 1922. Patients suffer from retinal 

dystrophy along with a wide spectrum of clinical systemic primary features: Postaxial 

polydactyly, truncal obesity, renal dysfunction, cognitive problems with learning 

difficulties, and other secondary features: speech disorder, developmental delay, 

behavioral abnormalities, strabismus, cataracts,  brachydactyly/syndactyly, ataxia, 

orodental abnormalities, hepatic involvement, diabetes mellitus, hypertension, 

congenital heart defects and Hirschsprung disease (Forsythe & Beales 2013, Suspitsin & 

Imyanitov 2016). The diagnosis of BBS is usually established by the clinical findings; 

according to the European Guidelines four primary features or three primary features 

plus two secondary features must be present for a diagnosis of BBS (Commission & 

Framework 2014). Non syndromic cases of retinitis pigmentosa by the BBS genes have 

also been reported (DeBenedictis et al. 2020, Estrada-Cuzcano et al. 2012). The ocular 

fundus can be normal in the newborn, mixed cone-rod dystrophy or juvenile retinitis 

pigmentosa in the first decade and progressive retinitis pigmentosa in advanced age. 

Patients can also present with night blindness in the early years of life, loss of peripheral 

vision and impairment visual acuity.  

Over 20 genes responsible for BBS have been identified (https://sph.uth.edu/retnet/sym-

dis.htm). These genes encode proteins involved in the development and the maintenance 

of the primary cilium, the so-called BBSome. The prevalence of BBS varies markedly 

between populations; in northern European this can be around 1:160 000 whereas in 

some Arab countries (Kuwait) 1:13 500, due to a higher level of consanguinity (Farag & 

Teebi 2008, Forsythe & Beales 2013). 

Senior-Loken Syndrome 

Senior-Loken syndrome is an autosomal recessive disorder. Patients display both 

nephronophthisis and a retinal dystrophy (oculorenal syndrome). The incidence is 

https://sph.uth.edu/retnet/sym-dis.htm
https://sph.uth.edu/retnet/sym-dis.htm
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1:100,000 (Otto et al. 2005) with nearly 150 cases described worldwide to date January 

2020 

(https://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_al

phabeticallist.pdf) . An affected child can present with congenital blindness or severe 

visual impairment with juvenile nephronophthisis (syndromic type of Leber congenital 

amaurosis). The ocular fundus may show white flakes in the periphery with a salt-and-

pepper appearance, and bone spicule at advanced stage. Mutations have been described 

in 13 genes to date (Ronquillo, Bernstein & Baehr 2012).  

Joubert Syndrome  

Joubert syndrome is a rare autosomal recessive disease affecting the cerebellum. It has 

an incidence of 1/100,000 (Kroes et al. 2008) and  is caused by mutations in one of 

more than 30 genes,  which classify this disorder into subtypes. A ciliopathy plays an 

important role  in  Joubert syndrome (see https://rarediseases.org/rare-diseases). Patients 

present with severe visual impairment, ocular motor abnormalities, often have the 

‘molar tooth’ sign on MRI and develop nephronophthisis in later childhood. The molar 

tooth sign is a brain abnormality which gives the elongated superior cerebellar 

peduncles of the midbrain an appearance reminiscent of a molar or wisdom tooth. 

Nystagmus, unilateral or bilateral ptosis can be present, retinopathy may be present and 

can occur at a later stage depending on the age at diagnosis (Sattar & Gleeson 2011). 

Treatment for Joubert syndrome is symptomatic and supportive. 

Batten Disease (Juvenile neuronal ceroid lipofuscinosis JNCL) 

The most common neurodegenerative disorders of childhood, it is caused by an 

autosomal recessive genetic mutation leading to a lysosomal storage disease. It presents 

with progressive visual loss. This may be associated with photophobia, color vision 

deficiencies, nyctalopia rotatory nystagmus, and constriction of the visual fields. There 

are clinical variant forms of JNCL with similar ocular signs but a different severity of 

the epileptic crises and of the neurological signs. An MRI of the brain can show cortical 

involvement, a cerebellar involvement or hyposignal of the thalamus. JMCL can present 

as non-syndromic retinal degeneration due to CLN3 mutation (Wang et al. 2014). In 

Italy and Germany the incidence rate is 1:67 000,  in Iceland it is 1:14 000, and in the 

https://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_alphabeticallist.pdf
https://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_alphabeticallist.pdf
https://rarediseases.org/rare-diseases
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Scandinavian countries the prevalence varies from 1:1,000 000 in some regions to 

1:100 000 (Mole, Williams & Goebel 2012). The ocular fundus may show as normal 

initially, but often macular changes are observed as granular or macula atrophy and 

rarely as bull’s eye maculopathy. The treatment is symptomatic and there is no cure to 

date.  

Kearns–Sayre syndrome  

Kearns-Sayre syndrome results from DNA alterations in the mitochondria and normally 

onset is before 20 years of age. It is characterized by bilateral chronic progressive 

external ophthalmoplegia (CPEO) and ptosis with pigmentary retinopathy, which is 

seen in fundoscopy as “salt-and-pepper" pigmentation in the retina and can affect vision 

but mostly leaves it intact. It is a neuromuscular disorder presenting as a cardiac 

conduction block or cerebellar ataxia. Other symptoms may include mild skeletal 

muscle weakness, hearing loss, short stature, several endocrine disorders or diabetes 

mellitus, and impaired cognitive function. Skeletal muscle biopsy is characterized 

histologically by ragged red fibers and abnormal mitochondria. Inheritance is usually 

sporadic. Treatment for Kearns-Sayre syndrome is generally symptomatic and 

supportive (see Mitochondrial DNA Deletion Syndromes:  

https://www.ncbi.nlm.nih.gov/books/NBK1203/). 

Cohen syndrome and Alström syndrome 

These two rare syndromes are presented in detail in this in the attached publications 

which describe patients who attended the Eye Hospital in Tübingen for diagnosis and 

treatment. Alström syndrome is a hereditary autosomal recessive disease, caused by 

ALMS1 gene. It was named after Carl-Henry Alström, a Swedish psychiatrist who first 

described the disorder in the literature in 1959 (Alstrom, Hallgren, Nilsson & Basander, 

1959). Numerous tissues are affected: eyes, inner ear, heart, lungs, pancreas, liver, and 

kidneys. Cohen syndrome is also an autosomal recessive disorder, caused by VPS13B 

gene. It is characterized by mental retardation, short stature and diverse physical 

anomalies. 

 

https://www.ncbi.nlm.nih.gov/books/NBK1203/
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It should also be remembered that there are three syndromes associated with a retinal 

degeneration for which at least a partial treatment exists:  

Refsum disease 

A recessively inherited disorder associated with retinitis pigmentosa and elevated serum 

phytanic acid levels cause degenerative nerve disease, failure of muscle coordination, 

and bone and skin changes. It is caused by two genes (PHYH and PEX7) in the adult-

onset form and the genes PEX1 and PEX2 in the infantile- onset form (see 

https://www.ncbi.nlm.nih.gov/books). Refsum disease can be treated with dietary 

reduction in phytanic acid. 

Abetalipoproteinemia disease (Bassen–Kornzweig syndrome) 

Bassen–Kornzweig syndrome is a rare autosomal recessive disease that is due to 

mutations in the MTTP gene (Shoulders et al. 1993). Patients suffer from fat 

malabsorption, acanthocytosis, hypocholesterolemia, and a lack of serum 

betalipoproteins. It causes atypical retinitis pigmentosa with problems in muscular 

coordination, and ataxia and can be treated with vitamins A and E. 

Gyrate atrophy  

Gyrate atrophy is characterized by progressive degeneration of the chorioretina, with 

significantly increased levels of plasma ornithine and ataxia with vitamin E deficiency 

(AVED). It is a progressive disease affecting motor control and movement included 

dysarthria, peripheral neuropathy and retinitis pigmentosa (Henderson 2020) caused by 

an autosomal recessive mutation.  In many patients the disease progression can be 

slowed down by a diet low on arginine (low protein diet) and sometimes with 

supplementation of vitamin B6. 

 

1.3 Purpose of this thesis 

The aim of this thesis is to present a detailed assessment of the phenotypes and 

genotypes of rare retinal dystrophies with systemic associations (syndromes). 

Additionally, an in-depth analysis and discussion of two ultra-rare syndromes, Cohen 

syndrome and Alström syndrome is given. Precise knowledge of genotypes and related 

https://www.ncbi.nlm.nih.gov/books
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phenotypes is important in such rare diseases to allow for correct diagnosis by targeted 

laboratory and clinical diagnostic procedures. Correct diagnosis of rare hereditary 

retinal diseases early in life of affected patients also supports the effective use of future 

therapies that are arriving already in a multitude of clinical trials presently going on in 

ophthalmology, using gene replacement therapy, CRISPR/Cas9 methods, stem cells and 

optogenetics. 
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2. Results and Discussion 

2.1 Ophthalmic features of cone-rod dystrophy caused by pathogenic 

variants in the ALMS1 gene  

Authors: Nasser F, Weisschuh N, Maffei P, Milan G, Heller C, Zrenner E, Kohl S, 

Kuehlewein L.  

Published in Acta Ophthalmologica 2019 Nov 30/ doi: 10.1111/aos.13612. 
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Ophthalmic features of cone-rod dystrophy caused
by pathogenic variants in the ALM S1 gene
Fadi Nasser,1 Nicole Weisschuh,2 Pietro M affei,3 Gabriella M ilan,3 Corina Heller,4

Eberhart Zrenner,1,5 Susanne K ohl2 and Laura K uehlewein1

1Institute for Ophthalmic Research, Centre for Ophthalmology, Eberhard K arls University, Tuebingen, Germany
2M olecular Genetics Laboratory, Institute for Ophthalmic Research, Centre for Ophthalmology, Eberhard K arls University,

Tuebingen, Germany
3Department of M edicine (DIM ED), University of Padua, Padua, I taly
4CeGaT GmbH and Praxis fuer Humangenetik Tuebingen, Tuebingen, Germany
5Werner Reichardt Centre for Integrative Neuroscience (CIN), Tuebingen, Germany

ABSTRACT.

Purpose: We aim to describe ophthalmic characteristics and systemic findings in

a cohort of seven patients with cone-rod retinal dystrophy (CORD) caused by

pathogenic variants in the ALM S1 gene.

M ethods: Seven patients with Alstr€om syndrome (ALM S) were included in the

study. A comprehensive ophthalmological examination was performed, including

best-corrected visual acuity (BCVA), a semiautomated kinetic visual field exam,

colour vision testing, full-field electroretinography testing according to Interna-

tional Society for Clinical Electrophysiology of Vision (ISCEV) standards,

spectral domain optical coherence tomography (SD-OCT) and fundus autoflu-

orescence (FAF) imaging, and slit lamp and dilated fundus examination. DNA

samples were analysed using Sanger sequencing or exome sequencing.

Results: In our cohort, the ocular phenotype presented with a wide variabil ity in

retinal function and disease severity. However, age of symptom onset (i.e.

nystagmus and photophobia) was at 6–9 months in all patients. These symptoms

mostly mislead to the diagnosis of congenital achromatopsia (ACHM ), Leber

congenital amaurosis (LCA), isolated CORD or Bardet–Biedl syndrome. The

systemic manifestations in our cohort were highly variable.

Conclusion: In summary, we can report that most of our ALM S patients

primarily presented with nystagmus and severe photophobia since early

childhood interest ingly without night blindness in the absence of systemic

symptoms. Only genetic testing analysing both nonsyndromic retinal disease

(RD) genes and syndromic ciliopathy genes by comprehensive panel sequencing

can result in the correct diagnosis, genetically and clinical ly, with important

implication for the physical health of the individual.

Key words: ALM S1 – Alstr€om Syndrome – Cone-rod dystrophy – hereditary retinal degeneration
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Introduction
Alstr€om syndrome (ALM S, OM IM #

203800) is classically described as a

rare, multisystemic hereditary disorder

that is characterized by a progressive

loss of vision due to CORD leading to

juvenile blindness, sensorineural hear-

ing loss, obesity, insulin resistance with

hyperinsulinemia and type 2 diabetes

mellitus (M arshall et al. 2007a) ALM S

patients exhibit signs and symptoms

similar to those of Bardet–Biedl and

Laurence–M oon syndrome, all of

which are considered ciliopathies (Alif-

eris et al. 2012; Alstrom et al. 1959,

Russell-Eggitt et al. 1998). Additional

disease phenotypes that may severely

affect prognosis and survival include

dilated cardiomyopathy, pulmonary

fibrosis and restrictive lung disease,

and progressive hepatic and renal fail-

ure (M arshall et al. 2007a). Other

clinical features in some patients

include hypertension, hypothyroidism,

hyperlipidemia, hypogonadism, uro-

logical abnormalities, adult short sta-

ture, bone-skeletal disturbances and

acanthosis nigricans (M arshall et al.

1993). M ost patients demonstrate nor-

mal intelligence, though some reports

indicate delayed psychomotor and

intellectual development (M arshall

et al. 2007a). The lifespan of patients

with ALM S rarely exceeds 40 years

(M arshall et al. 2007a). The prevalence

estimate is less than one in a million

people globally (Van Groenendael

et al. 2015). There is no specific ther-

apy for ALM S, but early diagnosis and

intervention can moderate the progres-

sion of some of the disease phenotypes

and improve the longevity and quality

of life for the patients (Van Groenen-

dael et al. 2015).

Alstr€om syndrome (ALM S) is

inherited in an autosomal recessive
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Ophthalmic features of retinitis pigmentosa in
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ABSTRACT.

Purpose: Theaim of this study is to report on thephenotype and genotypeof five

patients diagnosed with Cohen syndrome, an extremely rare autosomal recessive

disorder manifesting with mental and physiological defects.

M ethods: Five patients from three German families and one Syrian family

underwent a comprehensive ophthalmological examination. The scheduled visual

acuity measurements, fundus ophthalmoscopy, spectral domain optical coherence

tomography (OCT), full-field electrophysiological recordings of scotopic and

photopic electroret inograms (ERGs) and colour vision testing could not be

carried out in all subjects, because of the mental and physical retardation. The

genetic diagnosis was achieved by next-generation sequencing.

Results: The ophthalmic and systemic phenotype of the patients is typical for

Cohen syndrome including myopia, night blindness, photophobia, fundus

pigmentary changes and bull’s eye maculopathy. Electroret inograms (ERGs)

were extinguished in the four patients, whose recording was possible. Genetic

testing revealed homozygous or two heterozygous bi-allelic mutations in the

VPS13B (COH1) gene in all five patients, with five different allelic variants

observed. The homozygous mutation c.6055_6056delGA; p.Asp2019Glnfs* 15 in

two sibling patients as well as the homozygous nonsense mutation c.8112C>G;

p.Tyr2704* have not previously been reported.

Conclusions: The phenotype of the five patients reported here is typical for

Cohen syndrome; however, their genotype is heterogeneous. Two new allelic

variants were found to be the causative mutation.

Key words: allele – Cohen syndrome – genotype – phenotype
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Introduction
Cohen syndrome (M IM 216550) is a

rare autosomal recessive disorder

(Cohen et al. 1973; Carey & Hall

1978). Diagnosis is based on the typical

clinical picture of intellectual disability,

obesity, muscular hypotonia, facial,

oral, ocular and limb abnormalities

and low levels of leucocytes (neutrope-

nia) (Alavi et al. 1993; North et al.

1995; K ivitie-K allio & Norio 2001;

K olehmainen et al. 2004), but the clin-

ical findingsarevariable (Hennies et al.

2004). Ocular signs and symptoms can

be high myopia, retino-choroidal dys-

trophy, hemeralopia (decreased vision

in bright light), night blindness, stra-

bismus, constricted visual fields and/or

nystagmus (Norio et al. 1984; K ivitie-

K allio et al. 2000; Chandler et al. 2002;

Taban et al. 2007). Deterioration in

vision can occur from early childhood

up to 40 years of age, and vision is

generally severely impaired. A bull’s

eye macula is seen in most patients

(Norio et al. 1984; Resnick et al. 1986;

K ivitie-K allio et al. 2000).

I t has been estimated that the inci-

dence of patientswith Cohen syndrome

is fewer than 1000 people worldwide

(US National L ibrary of M edicine

2018). M ore than 200 cases have been

described (Wang et al. 2016), the lar-

gest cohort of 29 patients being

reported from Finland (Norio 2003).

I t is also overrepresented in Greek/

M editerranean (Bugiani et al. 2008),

Amish (Falk et al. 2004) and Irish

traveller populations (M urphy et al.

2007). In Finnish patients, the pheno-

type is highly homogeneous, but in

non-Finnish patients there is consider-

able phenotypic variability (K ivitie-

K allio & Norio 2001; Hennies et al.

2004; K olehmainen et al. 2004;
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3. Discussion 

In this thesis two manuscripts are presented that describe the phenotypes and genotypes 

of two extremely rare autosomal recessive syndromes: Alström syndrome and Cohen 

syndrome. For Alström syndrome there are major and minor phenotypic criteria 

(Marshall et al. 2007) and our group of seven patients all match these criteria, even the 

one patient with only one mutation (heterozygous). The course of retinal dystrophy was 

also typical for cone-rod dystrophy type in all Alström patients. For Cohen syndrome 

the minimal phenotypic diagnostic criteria (Chandler 2003) are present in the five 

genotyped patients and the course the disease was accompanied with bull’s eye macula 

in fundoscopy in all patients. Moreover, Alström syndrome patients had hyperopia 

while Cohen syndrome patients had high myopia and cataract was found in some 

patients in both syndromes.  

The two cohorts of patients presented in this thesis were taken from the Tübingen 

RETDIS database. This biobank and patient database were established in 1992, 

following the opening of a special outpatient clinic in 1989 at the Eye Hospital of 

Tübingen University to treat and examine patients with hereditary retinal diseases and 

the founding in 1991 of the Molecular Genetics Laboratory (MGL) at the Institute for 

Ophthalmic Research (Wissinger Lab).  DNA and files of patients and family members 

with inherited ocular diseases are collected, with a strong focus on inherited retinal 

disorders, hereditary optic neuropathy and familial glaucoma. Today about 1500 

patients every year are diagnosed or followed-up using genetic diagnostics and 

multimodal ophthalmological examinations, as well as treated with up-to-date therapies 

or participate in clinical trials. Additionally, the biobank holds more than 30,000 DNA 

samples of more than 17,000 individuals with more than 12,000 patients of about 

10,000 independent families with inherited ocular diseases. The biobank for IRD 

(RetDis biobank and database) currently comprises more than 6,000 independent 

families and over 8,000 patients with these conditions (Weisschuh et al. 2020). 

Many clinically different forms of IRDs have been found and documented in the 

database, such as stationary retinal dysfunction disorders (achromatopsia, congenital 

stationary night blindness) retinoschisis, Leber congenital amaurosis, choroideremia, 

central areolar choroidal dystrophy, macular dystrophies (e.g., Morbus Stargardt, 
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Morbus Best) rod-cone dystrophies, cone-rod dystrophies and different types of retinitis 

pigmentosa.  

Some of here presented IRD patients have extraocular abnormalities, for example, there 

are several patients who suffer from RP and deafness. Sensorineural hearing loss is not 

uncommon in patients with RP and the most common disease associated with RP is 

Usher syndrome: Common IRD diseases with polydactyly, obesity, and other 

extraocular abnormalities indicate Bardet Biedl Syndrome. In addition to these 

syndromes, we have seen many RP patients with different associated syndromes in our 

clinic. 

The large database for ophthalmic diseases in the Institute for Ophthalmic Research is 

important initially to make the correct diagnosis for inherited retinal dystrophies using 

both the phenotype and genotype of the patient. In addition, comprehensive in-depth 

data on syndromes and their symptoms leads to an earlier diagnosis and helps to prevent 

organic complications, thus leading to a better quality of life. Secondly it is very helpful 

to share these database findings, especially about patients with low prevalence diseases, 

to compare and to know more about phenotypes and genotypes of extremely rare or 

unknown IRDs. Additionally, it will be very useful for future research that relies on 

accurate detailed clinical data, for example treatment in clinical trials or gene therapy 

studies.  

In Alström syndrome, numerous tissues are affected: eyes, inner ear, heart, lungs, 

pancreas, liver, and kidneys. The expression of the disease may vary from one patient to 

the other, even carrying the same mutation. The ocular involvement appears early and 

may be essential for a correct diagnosis. We have seen seven atypical patients 

presenting with cone-rod dystrophy (CORD), interestingly without night blindness, but 

with nystagmus and severe photophobia from early childhood. The initial clinical 

diagnosis in these patients was erroneously mostly congenital ACHM because of the 

nystagmus and photophobia. It is important, therefore to remember that in early 

childhood, the phenotype of ALMS may be similar to that of a patient with isolated 

ACHM or LCA or CORD, above all in the absence of systemic symptoms that may not 

yet be manifested in ALMS patient.  
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For this reason, it can be misleading to base diagnosis only on primary clinical 

symptoms.  A comprehensive genetic testing by panel sequencing, that considers both 

non-syndromic RD genes and syndromic ciliopathy genes is necessary to ascertain the 

correct diagnosis. This has important implications not only for the health of the patient 

but also for the selection of suitable profession. It should always be kept in mind that a 

patient will eventually only show systemic symptoms later in life due to the progress of 

the disease.  

The ALMS retinopathy is till now untreatable; the typical cone-rod dystrophy can lead 

to legal blindness before age 10. The systemic complications must be individually 

addressed and affected patients need lifelong and close medical surveillance and 

treatments for syndromic symptoms. The lifespan of patients with ALMS unfortunately 

rarely exceeds 40 years (Marshall et al. 2007a). 

Cohen syndrome is different and characterized by mental retardation, short stature and 

diverse physical anomalies. Retinal dystrophy starts early in life and its presence may 

help to establish the correct diagnosis. The 5 patients that we examined all presented 

with retinitis pigmentosa as well as exhibiting the typical ophthalmic and systemic 

phenotype for Cohen syndrome; myopia, night blindness, photophobia, fundus 

pigmentary changes and bull’s eye maculopathy. Vision is normally severely affected 

with deterioration occurring from early childhood up to 40 years of age. Macula edema 

was seen in most patients. The exact effect of Cohen syndrome on lifespan is unclear. 

Some people with the disease are known to be alive in their fifties (Wang et al., 2016, 

https://www.ncbi.nlm.nih.gov/books/NBK1482/). 

The estimated prevalence for Cohen syndrome with the VPS13B gene is one to nine 

cases per 1,000,000 individuals, with nearly 200 cases described worldwide to date 

January 2020 (see 

https://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_alp

habetical_list.pdf). 

3.1 Diagnostics of Alström Syndrome 

To diagnose retinal dystrophies in childhood, a pedigree needs to be ascertained by 

asking the parents appropriate questions on familial similarities and illnesses and thus 

https://www.ncbi.nlm.nih.gov/books/NBK1482/
https://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_alphabetical_list.pdf
https://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_alphabetical_list.pdf
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identifying a possible category of CRD. A preliminary clinical diagnosis is then made, 

based on specific or pathognomonic clinical or imaging findings and finally molecular 

testing is carried out to confirm or modify the clinical diagnosis. As a general rule, the 

first step is to ask whether the patient has only eye problems or whether another 

associated systematic disease is present, because that determines how to proceed and 

determines the management of the patient. If the patient has a related systemic disease, 

other appropriate medical specialists must be consulted, because with small detailed 

clinical findings we can find the suspected syndrome. Then one can proceed directly 

from the suspected disease to genetic testing finding with the help of medical genetic 

services, to place the patient in a syndromic category.  

Alström syndrome is an exceedingly rare syndrome and one of the large categories of 

systemic diseases associated with retina dystrophies, which belong to the ciliopathies. In 

this disease not only the photoreceptors are affected but also many organs in the body. 

Other ciliopathies of interest include Bardet Biedl syndrome, Senior –Loken syndrome, 

Joubert syndrome and Usher syndrome. It is important always to think clinically about 

the differential diagnosis of these syndromes before finally knowing the causal gene. 

When to investigate patients with retina dystrophies for systematic abnormalities is 

important and depends on the development of systemic signs. It is most important to 

maintain a high level of suspicion for syndromic diseases, obtain a very good review of 

systems, look at and re-review the whole patient not only the eye and check which 

ciliopathy best matches the organ findings.  It is advisable to have a set of standard 

questions related to systemic symptoms or signs in the history of the patients. It is also 

recommended to ask about important features in questionnaire form in suspected 

patients with syndromes, not only concerning retinal dystrophy but also as associated 

systemic manifestations in syndromes. It is important to schedule consultations by the 

specialists (pediatrics, internists, etc.) as required and it is recommended to request 

genetic testing for the patients.  

The clinical features, time of onset and severity can vary greatly among and within 

families. In the first stage of disease, the photopic ERG is affected suggesting a cone 

dystrophy; it rapidly progresses to a typical cone-rod dystrophy. Later the peripheral 

visual field is also affected.  
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Early diagnosis is important but difficult because many of the phenotypic signs are not 

present in infancy but only develop throughout childhood and adolescence. The 

diagnosis is not easy in the first 2 years of life as Alström cases are often misdiagnosed 

as Leber congenital amaurosis, Bardet Biedl syndrome or even as congenital 

achromatopsia. Practically all Alström patients have nystagmus and severe photophobia 

due the cone dystrophy or cone-rod dystrophy.  

 

3.1.1 Differential diagnosis of Alström syndrome 

Alström syndrome has clinical similarities with Joubert syndrome, a syndrome type like 

Leber congenital amaurosis (LCA). To differentiate between Alström syndrome and 

Joubert syndrome, it is important to do a brain MRI to examine for a sign of molar teeth 

in the cerebellar vermis, which is typical, in addition to hypotonia, in Joubert syndrome. 

Obesity, hearing loss and cardiomyopathy are found in Alström patients, whereas 

developmental disability and nephronophthisis (abnormalities in kidneys) can be found 

in both syndromes. The associated retinal dystrophy in Alström syndrome can manifest 

as photophobia from the first month in life due to cone-rod dystrophy, unlike the night 

blindness from the first year of life due in LCA or RP with Joubert syndrome. 

Nystagmus can appear in both syndromes from birth (Sturm et al. 2010). 

It is recommended to have an in-depth examination of the systemic manifestations, 

which will help to make the initial diagnosis. Due the associated symptoms or systemic 

manifestations, an isolated retinal dystrophy can be differentiated from a syndromic 

retinal dystrophy , then the manifestations for each syndrome can be classified 

according to the actual systemic manifestations of the patient, e. g obesity syndromes or 

mental retardation syndromes (Geets, Meuwissen & Van Hul 2019).  

It is exceedingly difficult to assess the intellectual ability in a young child with a 

syndrome especially when he/she has poor vision and hearing loss, as there are few 

appropriate testing methods. There is conflicting data on whether children with 

syndromes have learning disabilities. In the current population of children and adults 

with Alström Syndrome, severe mental retardation is rare. 
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The absence of poly- or syndactyly allows us to different Alström syndrome from 

Bardet-Biedl (BBS) or Laurence-Moon syndromes in case the patient has obesity, 

kidney abnormalities or mental retardation. On the other hand, a dilated cardiomyopathy 

is typical for Alström syndrome patients. Both BBS and Alström patients have 

photophobia, but night blindness is known only by BBS patients.  

Hearing loss or abnormalities will also be important in the differential diagnosis 

between Alström syndrome, Usher syndrome and Refsum syndrome, as only few 

patients with Bardet Biedl syndrome have problems with hearing. Hyperinsulinemia, 

insulin resistance and diabetes mellitus type 2 are more common in Alström syndrome. 

Patients with Alström syndrome may also develop hepatic encephalopathy, a serious 

complication that can occur as a result of severe liver disease.  

Alström syndrome must also be distinguished from Wolfram syndrome which is marked 

by diabetes mellitus type 1, optic atrophy, diabetes insipidus and deafness 

(DIDMOAD). It is a syndrome defined by optic atrophy, diabetes mellitus of juvenile 

onset, progressive hearing loss, ataxia, peripheral neuropathy, mental retardation, 

dementia and psychiatric illnesses. Wolfram syndrome is caused by mutations in the 

WFS1gene, which encodes the protein wolframin (El-Shanti et al. 2000, Strom 1998).  

The cause of visual impairment in Wolfram syndrome is an optic nerve atrophy which is 

seen clinically as pallor disc or optic nerve atrophy, unlike Alström which has cone-rod 

dystrophy. In contrast, there is no obesity in patients with Wolfram syndrome. The 

pattern of inheritance is autosomal recessive in Alström, but it is autosomal dominant in 

Wolfram. 

 

3.2 Diagnostics in Cohen Syndrome 

Facial dysmorphism, microcephaly, and intermittent congenital neutropenia are typical 

in Cohen syndrome. These symptoms differentiate Cohen syndrome from the other 

syndromes which have also retina dystrophy with obesity and mental retardation. The 

hands in Cohen syndrome will have mostly typical signs as tapered fingers. Ocular 

findings include pigmentary chorioretinitis, optic nerve atrophy, myopia, strabismus, 

nystagmus, and rarely microphthalmia, iris/retina coloboma.  
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3.2.1 Differential Diagnosis in Cohen Syndrome 

The clinical phenotype of Cohen syndrome is different from Alström syndrome which 

has deafness, diabetes mellitus, cardiomyopathy and usually normal intellect (Chandler 

2003). The pattern of obesity in Cohen syndrome is specifically a truncal obesity and it 

is quite different from Bardet Biedl syndrome or Alström syndrome patients which have 

generalized obesity in adults (some Alström patients have truncal obesity during the 

first year or two of life).  

Globally, obesity is a major health problem, with over 25 different 

syndromic forms being known (Geets, Meuwissen & Van Hul 2019). In addition, 

postaxial polydactyly and renal dysplasia differentiate Bardet-Biedl syndrome from 

Cohen syndrome (Beales et al. 1997). Also, the characteristics of the pigmentary 

retinopathy vary between theses syndromes, the peripheral visual field loss seen initially 

in Cohen syndrome is opposed to early loss of central vision seen in Alström and 

Bardet-Biedl syndromes. Additionally, it was observed that refractive errors in most 

patients of Cohen syndrome are  characterized by high myopia unlike in Alström 

syndrome patients who have high hyperopia (Khan, Bifari & Bolz 2015, Norio, Raitta & 

Lindahl 1984). 

Prader–Willi syndrome (PWS) is an additional disease that should be considered in the 

differential diagnosis of Cohen syndrome. This syndrome is characterized by strabismus 

(but without retinal dystrophy) along with neonatal hypotonia, obesity, distinctive facial 

features, small hands and feet, short stature, diabetes mellitus type 2, apnea, 

hypothyroidism, scoliosis, mental retardation and respiratory infections (Hered et al. 

1988). The facial appearance in Cohen syndrome can also be seen in other rare 

syndromes, for example Rubenstein-Taybi syndrome and Mowat-Wilson syndrome, but 

they are also without retinal dystrophy (Zweier et al. 2002). 

We must also consider in the differential diagnosis a degeneration associated with 

metabolic syndromes (for example: mitochondrial disorders, mucopolysaccharidosis 

“MPS”) and the neurodegenerative syndromes (for example: neuronal ceroid 

lipofuscinosis (Batten disease) and spino cerebellar ataxia). 
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3.3 Treatment 

There is no distinct treatment for patients with Alström syndrome. Therapy generally 

focusses on the specific symptoms. The progression of some of the symptoms can be 

slowed down with early diagnosis which improves their longevity and quality of life 

(Van Groenendael et al. 2015).  

Photophobia can be helped with the use of specially tinted, prescription glasses. If 

cataracts are present, they can be removed surgically although this procedure depends 

on how far advanced the retinal changes are. Additionally, low vision aids can help 

Alström syndrome patients, to ensure maximum use of their remaining vision. It is 

essential that children get mobility training, and also learn the use of Braille before sight 

is completely lost.  

For the sensorineural hearing loss in Alström patients there is also no specific treatment 

available. Residual hearing can be maximized with the use of hearing aids and the 

ability of a child to communicate verbally can be improved with speech therapy. If 

visual loss occurs early along with deafness, it may not be possible to teach sign 

language, therefore, it is important to carefully consider educational methods and 

options. In some patients, cochlear implants, which can improve hearing by stimulating 

the inner ear, are beneficial. 

If the patient has diabetes mellitus, he/she must be treated by an endocrinologist.  

Exercise, diet or treatment with oral anti-diabetic agents or insulin may be prescribed. 

An endocrinologist should also evaluate children when they reach adolescence, to 

ascertain whether hormonal adjustment therapy is necessary. Cardiac irregularities 

should be treated by a cardiologist with e. g.  angiotensin-converting enzyme inhibitors 

(ACE), or beta blockers. The other symptoms must also be evaluated and treated by 

other specialists. Affected individuals and their families may benefit from genetic 

counseling.  

Despite the importance of pharmacological treatments, there is hope for curative options 

like gene therapy or prospective treatments with stem cells, but there is still a long way 

to the development of effective gene therapy treatments for human ciliopathies. Further 

investigations and studies are required to understand the biological role of ALMS1 and 
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to turn this information into real options to achieve treatments for Alström patients 

(Valverde, Alvarez-Satta & Castro-Sánchez 2015).  

There is also no cure for Cohen syndrome until now. Treatment is focused on improving 

or alleviating the signs and symptoms in the patient. If vision problems are detected, it 

will be necessary to correct it early, usually with glasses. Neutropenia which is manifest 

as a considerable reduction in the number of neutrophils that may cause an increased 

risk of infection, can be treated by the use of granulocyte-colony stimulating factors (G-

CSF). These stimulate the production of produce neutrophils by the bone marrow and 

causes an increased  number of neutrophils which improves the efficacy of their 

bacteria-killing ability. Early intervention and physical, occupational and speech 

therapy can help to postpone the developmental delay, hypotonia, joint 

hyperextensibility, and motor clumsiness. Genetic counseling may be of benefit for 

affected individuals and their families. Further treatment is based on alleviating the 

symptoms and providing supportive help. 

3.4 Limitations 

Our studies are not without limitations. In our cohort, the completeness of the records 

was variable from patient to patient, and the examinations performed outside our 

hospital have also to be considered as they may not completely conform to those 

performed by our medical team. Nevertheless, this thesis establishes that the 

consideration of syndromes and performing or triggering examinations beyond the 

visual system is an important task of an ophthalmologist, when the possibility of a 

syndromic disease is emerging. 

3.5 Conclusion 

In patients with inherited retina diseases, it is crucial to exclude related syndromes, to 

obtain a correct diagnosis and thus avoid or ameliorate complications in other organs. 

Differential diagnosis is imperativet in patients with syndromes. The necessary 

ophthalmic examination should include fundus ophthalmoscopy, spectral domain 

optical coherence tomography (SD-OCT; Spectralis HRA+ OCT), full-field scotopic 

and photopic electroretinograms (ERGs), color vision testing, visual field testing and 

retinal imaging with fundus autofluorescence. It is critical to look for clinical features in 
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other organs and for systemic disorders to consider the differential diagnosis 

independent of the genetics analysis, as patients need adequate advice and treatment of 

their other systemic disorders, undoubtedly also a task of ophthalmology.  
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4. Summary 

The purpose of this thesis was to provide a deeper insight into the phenotype of very 

rare syndromic forms of RP: Alström syndrome and Cohen syndrome.  

To illustrate the particular problems of syndromic retinopathies two manuscripts were 

presented, dealing with two rare autosomal recessive syndromes: Alström syndrome and 

Cohen syndrome. Concerning the diagnostic criteria in Alström syndrome (Marshall et 

al. 2007) there are major and minor phenotypic criteria.  In our cohort of seven patients 

all match such criteria, even one patient who has only one mutation (heterozygote), who 

was also genotyped. Our five genotyped patients with Cohen syndrome also match the 

minimal phenotypic diagnostic criteria for Cohen syndrome (Chandler 2003). Careful 

differentiation of such ultra-rare syndromes is considered an important task of 

ophthalmology, as the care throughout the life of such patients with growing systemic 

and increasing multi-organ problems requires to be continuously considered.  

In all the patients that we examined with Alström syndrome, the existent retinal 

dystrophy was typical for cone-rod dystrophy. All patients with Cohen syndrome 

displayed a bull’s eye macula in fundoscopy. The Alström syndrome patients presented 

with hyperopia while the patients with Cohen syndrome had high myopia. Cataract was 

present in some patients in both syndromes, whereas early cystoid edema in the retina 

was found only in Cohen syndrome patients by OCT. The cystoid lesions, treated with 

tropical anhydrase inhibitor for 12 months, and in one patient treated with systemic 

carbonic anhydrase also for 12 months, showed no improvement. 

Obesity was present in many patients in both syndromes, but along with particular facial 

features and tapered fingers in Cohen syndrome. Mental retardation was found in all 

Cohen syndrome patients, but only in two patients with Alström syndrome.  

It is emphasized that progression needs to be routinely monitored in patients with 

syndromic IRDS and the patients` visual aid requirements need to be regularly adapted. 

As the slow loss of vision is one of the main concerns of patients with syndromic IRD, 

the ophthalmologist usually is the physician most often visited by such patients and he 

needs to know the typical course of such diseases in order to counsel optimally for 

maintenance of mobility and activity of daily living, including professional life and to 
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care for the patient beyond eye and visual system in a well-organized multidisciplinary 

interaction. 

  



 

 48 

5. Summary in German 

Der Zweck dieser Arbeit war es, eine detaillierte Beschreibung der Phänotypen von sehr 

seltenen syndromalen Netzhautdystrophien: Alström Syndrom und Cohen Syndrom. 

Um die besonderen Probleme der syndromalen Retinopathien zu veranschaulichen, 

wurden zwei Manuskripte vorgestellt, die sich mit zwei seltenen autosomal rezessiven 

Syndromen befassten: dem Alström Syndrom und dem Cohen-Syndrom. In Bezug auf 

die diagnostischen Kriterien beim Alström-Syndrom (Marshall et al. 2007) gibt es 

Haupt- und Neben-phänotyp Kriterien.  In unserer Kohorte von sieben Patienten 

erfüllen alle diese Kriterien, sogar ein Patient mit nur einer Mutation (heterozygot), der 

ebenfalls genotypisiert wurde. 

Entsprechend den minimalen phänotypischen diagnostischen Kriterien für das Cohen-

Syndrom (Chandler 2003) erfüllen auch unsere fünf genotypisierten Patienten diese 

Kriterien. Die sorgfältige Differenzierung solcher äußerst seltener Syndrome wird als 

wichtige Aufgabe der Augenheilkunde angesehen, da die lebenslange Versorgung 

solcher Patienten mit wachsenden systemischen und zunehmenden Problemen mit 

mehreren Organen eine kontinuierliche Versorgung erfordert. 

Bei unseren Patienten mit Alström-Syndrom war der Verlauf der Netzhautdystrophie 

bei allen Patienten typisch für den Typ der Zapfen Stäbchen Dystrophie, während der 

Verlauf des Cohen-Syndroms bei allen Patienten in der Funduskopie von einer Bull`s 

Eye Phänomen des Auges (Makula Bull`s Eye) begleitet war. Patienten mit Alström-

Syndrom hatten Hyperopie, während Patienten mit Cohen-Syndrom eine hohe Myopie 

hatten. Katarakt wurde bei einigen Patienten bei beiden Syndromen gefunden, frühes 

zystoides Ödem in der Netzhaut wurde bei Patienten mit Cohen-Syndrom durch OCT 

gefunden. Zystoide Läsionen wurden 12 Monate lang mit tropischem Anhydrase-

Inhibitor behandelt, und ein Patient wurde ebenfalls 12 Monate lang mit systemischer 

Carboanhydrase behandelt. ohne Verbesserung. 

Fettleibigkeit wurde bei vielen Patienten bei beiden Syndromen in Kombination mit 

bestimmten Gesichtszügen und sich verjüngenden Fingern, einem vermuteten Cohen-

Syndrom, festgestellt. Eine geistige Behinderung wurde bei allen Patienten mit Cohen-

Syndrom festgestellt, jedoch nur bei Patienten mit Alström-Syndrom. 
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Es wird betont, dass das Fortschreiten bei Patienten mit syndromalem IRDS 

routinemäßig überwacht werden muss und die Anforderungen an die Sehhilfe der 

Patienten regelmäßig angepasst werden müssen. Da der langsame Verlust des 

Sehvermögens eines der Hauptanliegen von Patienten mit syndromaler IRD ist, ist der 

Augenarzt normalerweise der von diesen Patienten am häufigsten besuchte Arzt. Darum 

muss der Augenarzt den typischen Verlauf solcher Krankheiten kennen, um für die 

Aufrechterhaltung der Mobilität optimal beraten zu können und Aktivität des täglichen 

Lebens einschließlich des Berufslebens und Pflege des Patienten jenseits des Auges und 

des visuellen Systems in einer gut organisierten multidisziplinären Betreuung zu 

ermöglichen. 
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