The Eye on Mitochondrial Disorders

Josef Finsterer, MD, PhD"; Sinda Zarrouk-Mahjoub, PhD?; Alejandra Daruich, MD?

! Krankenanstalt Rudolfstiftung, Vienna, Austria
2 Genomics Platform, Pasteur Institute of Tunis, Tunisia
3 Department of Ophthalmology, University of Lausanne, Jules-Gonin Eye Hospital,

Switzerland

Corresponding author:
Josef Finsterer, MD, PhD,
Postfach 20, 1180 Vienna, Austria.

Email: fifigs1@yahoo.de




Abstract

Ophthalmologic manifestations of mitochondrial disorders are frequently neglected or
overlooked because they are often not regarded as part of the phenotype. This
review aims at summarizing and discussing the etiology, pathogenesis, diagnosis,
and treatment of ophthalmologic manifestations of mitochondrial disorders. Review of
publications about ophthalmologic involvement in mitochondrial disorders by search
of Medline applying appropriate search terms. The eye is frequently affected by
syndromic as well as nonsyndromic mitochondrial disorders. Primary and secondary
ophthalmologic manifestations can be differentiated. The most frequent
ophthalmologic manifestations of mitochondrial disorders include ptosis, progressive
external ophthalmoplegia, optic atrophy, retinopathy, and cataract. More rarely
occurring are nystagmus and abnormalities of the cornea, ciliary body, intraocular
pressure, the choroidea, or the brain secondarily affecting the eyes. It is important to
recognize and diagnose ophthalmologic manifestations of mitochondrial disorders as
early as possible because most are accessible to symptomatic treatment with partial
or complete short-term or long-term beneficial effect. Ophthalmologic manifestations
of mitochondrial disorders need to be appropriately diagnosed to initiate the most

effective management and guarantee optimal outcome



Introduction

Mitochondrial disorders manifest phenotypically as mitochondrial multiorgan disorder
syndrome in the vast majority of the cases.” The degree of mitochondrial multiorgan
disorder syndrome can be assessed by determining the mitochondrial multiorgan
disorder syndrome score, which is calculated by summing the number of affected
organs (range: 1-13), the number of abnormalities within an organ (range: 1-94), and
the probability that an abnormality is due to a mitochondrial defect (range: 1-3). A
score >10 suggests a mitochondrial disorder. The organs most frequently affected in
mitochondrial multiorgan disorder syndrome are the skeletal muscle, central nervous
system, peripheral nervous system, endocrine system, heart, ears, and the eyes.
More rarely, intestines, liver, pancreas, kidneys, bone marrow, cartilage, or bones are
affected. Ophthalmologic manifestations of mitochondrial disorders are frequently
neglected or overlooked because they can be mild and are frequently not regarded
as part of the phenotype but can be the dominant phenotypic feature of a
mitochondrial disorder. This review aims at summarizing and discussing etiology,
pathogenesis, diagnosis, and treatment of ophthalmologic manifestations of

mitochondrial disorders.

Methods

Data for this review were identified by searches of MEDLINE, Current Contents, and
references from relevant articles using the search terms ophthalmologic, eye, cornea,
lens, ciliary body, retina, choroidal, uvea, optic nerve, ophthalmoparesis,
ophthalmoplegia, ptosis, strabismus, and nystagmus in combination with
mitochondrial, mtDNA, oxidative phosphorylation, respiratory chain, electron chain,
oxidative stress, and mitochondrion. Randomized (blinded or open label) clinical

trials, longitudinal studies, case series, and case reports were considered. Abstracts



and reports from meetings were not included. Only articles published in English
between 1966 and 2015 were considered. Appropriate papers were studied and

discussed for their suitability to be incorporated in this review.

Classification of Ophthalmologic Mitochondrial Disorder Manifestations
Ophthalmologic mitochondrial disorder manifestations may be classified according to
various different criteria. They may be categorized as isolated or nonisolated,
occurring in association with other organ manifestations. Ophthalmologic
manifestations may be the dominant feature of the phenotype or a nondominant
feature. Mitochondrial disorders with ophthalmologic manifestations may be either
due to mitochondrial DNA or nuclear DNA mutations. Ophthalmologic manifestations
may be specific for a syndromic mitochondrial disorder (eg, Leber hereditary optic
neuropathy) or nonspecific (eg, cataract). They may manifest as the presenting
symptom or sign or may follow after occurrence of other manifestations.
Ophthalmologic manifestations may be also classified according to the involved
ophthalmologic structure as primary, affecting only the bulb (eg, cornea, iris, lens,
ciliary body, retina, choroidea, uvea, optic nerve, ocular pressure), or as secondary,
affecting structures outside the bulb, such as the extraocular eye muscles, the lid

muscles, the vestibular organ, or the brain (Table 1).

Primary Ophthalmologic Mitochondrial Disorder Manifestations

Primary ophthalmologic mitochondrial disorder manifestations may involve the

cornea, iris, lens, ciliary body, retina, choroidea, uvea, or the optic nerve.



Cornea

During recent years, some evidence has been provided that the cornea can be
involved in mitochondrial disorders. Systematic studies on this matter, however, have
not been conducted. Corneal abnormalities associated with mitochondrial dysfunction
include astigmatism, corneal dystrophy, corneal clouding, or corneal endothelial
dysfunction.*® Endothelial dysfunction of the cornea has been described in Pearson
syndrome (Table 1).° Astigmatism (keratoconus [thinning of corneal struma]) has
been reported in nonsyndromic mitochondrial disorders (Table 1).° In a study of 20
patients, keratoconus was attributed to increased oxidative stress resulting from
mitochondrial respiratory chain complex-l sequence variations.”® In a patient with
Kearns-Sayre syndrome, progressive external ophthalmoplegia secondarily led to
recurrent conjunctivitis and keratitis.> Despite almost complete ptosis, spontaneous
corneal ulceration occurred.® In patients carrying the 3895-bp mitochondrial DNA
deletion, the highest mutation load was found in the cornea and retina.”’ Corneal
clouding due to structural changes in the endothelium or Descemet membrane has
been occasionally reported in Kearns-Sayre syndrome In a child with Leigh
syndrome due to the mutation m.8993T>G, numerous distended mitochondria were
found in the corneal epithelium.” Nonspecific corneal alterations were also observed
in a patient with mitochondrial neurogastrointestinal encephalomyopathy.® In a study
of 14 patients with pontocerebellar hypoplasia, of which 13 carried a CASK mutation,
2 presented with megalocornea.® Though corneal surgery could be an option for

astigmatism, it has not been reported in a mitochondrial disorder patient.

Iris



Involvement of the iris in mitochondrial disorders has been only rarely documented
and was particularly described in mitochondrial encephalomyopathy, lactic acidosis,
and strokelike episodes (MELAS) syndrome.™® In a patient carrying the m.3243A>G
mutation in the tRNA(Lys) gene, patchy atrophy of the iris stroma was described.™ In
patients with Leber hereditary optic neuropathy, not only visual function but also pupil
responses were reduced although pupil afferent fibers were spared." Additionally,
pupillary dysfunction has been reported in a 62-year-old male carrying a large single
mitochondrial DNA deletion.' Treatment options for these abnormalities are not

available.

Lens

The most frequent of the lenticular abnormalities in mitochondrial disorders is
cataract. Usually, cataract in mitochondrial disorders is of the posterior subcapsular
type."® Cataract can be a phenotypic feature of MELAS syndrome'®'® but has been
also reported as initial manifestation in a patient with nonsyndromic mitochondrial
disorder due to a mitochondrial DNA deletion.’ In rare cases, cataract is a feature of
Leber hereditary optic neuropathy,’® myoclonus epilepsy with ragged red fibers
(MERRF) syndrome, Pearson syndrome, Leigh syndrome, maternally inherited
deafness and diabetes, progressive external ophthalmoplegia, or nonsyndromic
mitochondrial disorders (Table 2)."® Cataract is a typical feature of autosomal
dominant optic atrophy resulting from OPA3 mutations.'” Rarely, Wolfram syndrome
manifests with cataract.’® In all types of mitochondrial disorder, cataract is accessible
to surgery. Refraction errors are most frequent in patients with MELAS syndrome or

Kearns-Sayre syndrome."®



Ciliary Body

The ciliary body has been only rarely reported to be involved in mitochondrial
disorders. In a patient dying at age 15 months from Leigh syndrome due to the
mutation m.8993T>G in the ATPase6 gene, histopathologic postmortem examination
revealed thinning of nerve fibers and ganglion cell layers in the nasal aspect of the
macula, mild atrophy of the temporal aspect of the optic nerve head, and numerous
distended mitochondria in all cell types, particularly in the retina, nonpigmented ciliary
epithelium, and the corneal epithelium.” Additionally, the ciliary epithelium was

affected in a patient with long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency.?’

Retina
Retinal manifestations of mitochondrial disorders include various retinal dystrophies,
of which the best known are pigmentary retinopathy and macular degeneration

(Table 1).

Retinitis pigmentosa

Retinitis pigmentosa is a core feature of Kearns-Sayre syndrome and neuropathy
ataxia retinitis pigmentosa syndrome."® Typical for Kearns-Sayre syndrome is the
“salt and pepper” retinitis with regions of increased and decreased pigmentation,
particularly in the equatorial fundus.? Pigmentary retinopathy is only a rare feature of
progressive external ophthalmoplegia and may be milder than in Kearns-Sayre
syndrome (Table 1)."*#' Only some patients with MELAS or MERRF syndrome
present with mild pigmentary retinopathy of the posterior pole.13 Mild pigmentary

defects were also found in 2 of 20 patients with Leber hereditary optic neuropathy



due to the m.11778G>A mutation (Table 1)."* Small pigmentary retinal defects were
described in a 4-year-old female with COX deficiency.?? Furthermore, retinitis
pigmentosa has been described in patients with Leigh syndrome due to the mutation
m.8993T>G.23 In a study of 44 Chinese patients with Leigh syndrome, pigmentary
retinopathy was even found in 22%.24 In a study of 14 patients with pontocerebellar
hypoplasia, 4 presented with retinopathy without reporting details.’ Additionally,
retinopathy can be found in mitochondrial neurogastrointestinal encephalomyopathy
and nonsyndromic mitochondrial disorders (Table 2). Retinal dystrophy may
occasionally manifest with photophobia. In a study of 46 mitochondrial disorder
patients, 4 suffered from photophobia. Two patients had Leigh syndrome, of which 1
had rod-cone dystrophy on electroretinography, 1 had Kearns-Sayre syndrome with a
normal electroretinography, and 1 had MERRF syndrome with an isoelectric

electroretinography.'®

Macular degeneration

Macular dystrophy has been described in patients carrying the m.3243A>G mutation
in the tRNA(Lys) gene.?® In a single case with Pearson syndrome, parafoveal
intraretinal crystals were seen.? Bilateral macular dystrophy with circumferentially
distributed perifoveal atrophy has been recognized in maternally inherited deafness
and diabetes and MELAS syndrome (Figure 1).2” A rod-cone dystrophy has been
recorded on electroretinography in a patient with Kearns-Sayre syndrome.19 Macular
dystrophy was a common feature in a study of 54 patients with maternally inherited
deafness and diabetes, occurring in 86% of them.?® Macular dystrophy in these
patients manifests as either pigmentary lesions or atrophy of either the choroid or

retinal pigmentary epithelium (Table 1).?% In a study of 35 British subjects with



mitochondrial disorder, 85.7% had macular changes.?® Electroretinographies were
reduced in 4 of 9 patients, and b-wave responses impaired in 2.%° Pigmentary
maculopathy was the cause of poor vision in a 12-year-old boy with Wolfram

syndrome.*

Other retinal abnormalities

Retinal abnormalities other than pigmentary retinopathy or macular degeneration
include retinal dystrophy, retinal hypertrophy, and pigmentary maculopathy. Retinal
dystrophies can be most easily assessed by electroretinography and can be found in
patients with Kearns-Sayre syndrome, Leigh syndrome, MELAS syndrome, MERRF
syndrome, and Leber hereditary optic neuropathy.'® In patients with autosomal
recessive spastic ataxia with leukoencephalopathy and autosomal recessive spastic
ataxia of Charlevoix-Saguenay (ARSAL/ARSACS), retinal hypertrophy has been
described.*" In a family with Mohr-Tranebjaerg syndrome, 6 affected males had
blindness resulting from nonspecified retinal degeneration.32 Treatment options for

retinopathy in general are limited.

Choroidea, Uvea

Choroidea and uvea are only rarely affected in mitochondrial disorders. The most
frequent manifestation of mitochondrial disorders in the choroidea is choroidal
atrophy.'® Choroidal atrophy has been particularly described in MELAS syndrome.10
Atrophy of choroid pigmentary epithelium also occurs in maternally inherited
deafness and diabetes.?® Central choroidal dystrophy as confirmed by

electroretinography was reported in 1 patient with Mohr-Tranebjaerg syndrome.32



Additionally, chorioretinal dystrophy was reported in a single patient carrying a large

mitochondrial DNA deletion.*®

Optic Nerve

The main mitochondrial disorder manifestation of the optic nerve is optic atrophy.
Optic atrophy is a common mitochondrial disorder manifestation but frequently
missed or misinterpreted. This is due to the difficulty diagnosing optic atrophy. Optic
atrophy can be most accurately assessed by funduscopy if the distal portion of the
optic nerve is affected or by magnetic resonance imaging (MRI) of the orbita if the
more proximal parts of the nerve are affected. An indication of optic nerve atrophy is
a reduced amplitude of visually evoked potentials.”

Among syndromic mitochondrial disorders, optic atrophy has been particularly
described in Leber hereditary optic neuropathy and autosomal dominant optic
atrophy, conditions in which optic atrophy is the dominant phenotypic feature.** Both
conditions and their ophthalmologic abnormalities are thus described in more detail in
the section “Mitochondrial Disorders Primarily Manifesting in the Eye.” More rarely,
optic atrophy has been reported in MELAS syndrome, Kearns-Sayre syndrome,
Pearson syndrome, pontocerebellar hypoplasia, Mohr-Tranebjaerg syndrome,
Alpers-Huttenlocher disease, or Wolfram syndrome.?%'%** Partial or total optic
atrophy also has been reported in patients with MERRF syndrome."®'%3* Optic
atrophy is a typical phenotypic feature of hereditary motor and sensory neuropathy
type VI (HMSN-IV) due to MFN1 mutations.** Additionally, C120rf65 (COXPD7)
mutations manifest phenotypically with optic atrophy and a Leigh-like phenotype.®
Only in a single family was optic atrophy associated with neuropathy ataxia retinitis

pigmentosa syndrome due to the m.8993T>G mutation in the ATPase6 gene.*’ In a



study of 44 Chinese patients with Leigh syndrome, optic atrophy was described in
22.5%.%* Only in a single patient with mitochondrial neurogastrointestinal
encephalomyopathy, optic disc alterations were observed.? Optic atrophy can also be
a feature of infantile-onset spinocerebellar ataxia® or mitochondrial depletion
syndrome.* Nonsyndromic mitochondrial disorders with optic atrophy were due to an
ACI1 mutation,*® due to an ND5 mutation together with cataract and retinopathy,*' or

due to an unknown genetic cause.*? Optic atrophy is not accessible to treatment.

Intraocular Pressure

Increased intraocular pressure (glaucoma) is a rare phenotypic feature of
mitochondrial disorders. Two main types of glaucoma can be differentiated, open-
angle glaucoma and closure-angle glaucoma. Additionally, normotensive and
hypertensive glaucoma is differentiated. Rarely, open-angle glaucoma can be found
in patients with Leber hereditary optic neuropathy*® or autosomal dominant optic
atrophy (Table 1). Funduscopic findings may show a mixture of abnormalities typical
for glaucomatic retinopathy and a Leber hereditary optic neuropathy fundus.
Glaucomatous changes of the optic disc were found by visual field examination and
optical coherence tomography in a single patient with mitochondrial
neurogastrointestinal encephalomyopathy.® In a study of 14 patients with
pontocerebellar hypoplasia, 1 presented with glaucoma.9 Normal tension glaucoma is
associated with polymorphisms in the OPA1 gene.** Glaucoma was also reported in
a family with Wolfram syndrome.*® There are indications that ND5 mutations are
associated with the development of open-angle glaucoma.*® Glaucoma in

mitochondrial disorders may be accessible to treatment with drugs or surgery.



Secondary Ophthalmologic Mitochondrial Disorder Manifestations

Secondary ophthalmologic mitochondrial disorder manifestations are due to

affectation of the extraocular muscles, the eyelids, the vestibulum, or the brain.

Bulb Motility
The most frequent abnormalities affecting bulb motility include nystagmus and
strabismus. They may occur independent of each other or together. They may occur

with or without other ocular or extraocular mitochondrial disorder manifestations.

Nystagmus

Nystagmus or roving eye movements can be due to central nervous system or
vestibular involvement in mitochondrial disorders and are the most common
ophthalmologic manifestations as a presenting symptom in pediatric mitochondrial
disorder patients.*’ Nystagmus has been reported in patients with Leigh syndrome,
Alpers-Huttenlocher disease, and Pearson syndrome (Tables 1 and 2).*” Gaze-
evoked nystagmus has been described in a single patient with “LHON plus” who not
only carried the m.11778G>A primary Leber hereditary optic neuropathy mutation but
also the m.3394T>C mutation.*® Recording of eye movements in MELAS patients
may show saccadic dysmetria, prolonged saccadic reaction time, impaired
suppression of reflex eye movements, prolonged reaction during antisaccades,
downbeat nystagmus, square wave jerks, or impaired pursuit.*® Epilepsy in MELAS
patients may manifest as epileptic nystagmus, impaired smooth pursuit, or temporary
eye deviation.” Moreover, nystagmus has been reported in a patient carrying a point

mutation in the DGUOK gene who additionally presented with retinal blindness.*



Nystagmus in addition to retinitis pigmentosa was also reported in a patient with
nonsyndromic mitochondrial disorder due to the m.15995G>A mutation in the
tRNA(Pro) gene manifesting as ataxia, deafness, and leukoencephalopathy.’’ In a
study of 7 Czech autosomal dominant optic atrophy patients, nystagmus was part of
the phenotype.®? Nystagmus is also a common feature of ARSAL/ARSACS.>® In a
study of 44 Chinese patients with Leigh syndrome, nystagmus was found in 14%.24
Nystagmus can be also a feature of Wolfram syndrome,* recessive ataxia (dystonia
and mild cerebellar ataxia) syndrome, or mitochondrial depletion syndrome.** Roving
eye movements and nystagmus may additionally occur in nonsyndromic
mitochondrial disorders.** Resolution of nystagmus is possible for those cerebral or

vestibular forms that respond to treatment.

Strabismus

In a study of 44 Chinese patients with Leigh syndrome, strabismus was the most
frequent ophthalmologic abnormality and present in 41% of patients.?* Among those
with strabismus, 13 had exotropia and 5 esotropia.?* Strabismus was also reported in
some patients with X-linked sideroblastic anemia with ataxia.’® Divergent strabismus
has been reported as the presenting manifestation in 25% of juvenile mitochondrial
disorders.*” In a study of 14 patients with pontocerebellar hypoplasia, of which 13
carried a CASK mutation, 2 presented with strabismus.® Strabismus has been
reported also in other patients with pontocerebellar hypoplasia, without knowing the
underlying mutation.’”* In a child with a large mitochondrial DNA deletion, the initial
presentation at birth was cataract and strabismus.'* He later developed Leigh-like

pathologies and strokelike episodes.'® Additionally, strabismus has been reported in



patients with nonsyndromic mitochondrial disorders (Tables 1 and 2).*” In some

cases, surgery may have a beneficial effect on strabism.

Mitochondrial Disorder Manifestations of the Extraocular Muscles

Affectation of the extraocular muscles in mitochondrial disorders results in
progressive external ophthalmoplegia. Progressive external ophthalmoplegia is a
frequent ophthalmologic manifestation of mitochondrial disorders. It may be
complete, resulting in walled-in bulbs, or incomplete. It may affect all directions of
bulb movements or only some of them. It may affect one eye or both eyes.
Progressive external ophthalmoplegia is most frequently associated with single or
multiple mitochondrial DNA deletions. Single mitochondrial DNA deletions may cause
progressive external ophthalmoplegia, Kearns-Sayre syndrome, or Pearson
syndrome.?” Multiple mitochondrial DNA deletions going along with progressive
external ophthalmoplegia may be due to mutations in nuclear genes such as PEO(1,
POLG1, SLC25A4, RRM2B, POLG2, or OPA1.?” Additionally, progressive external
ophthalmoplegia may be due to mitochondrial DNA point mutations, particularly in
transfer RNA (eg, tRNA(Lys)) genes.?” Transfer RNA mutations manifesting with
progressive external ophthalmoplegia frequently occur sporadically akin to
mitochondrial DNA deletions and can be detected only in muscle.”® Progressive
external ophthalmoplegia may be the sole manifestation of the m.3243A>G mutation,
which commonly manifests as MELAS syndrome.*® Upward gaze was reduced in 2
patients with mitochondrial disorder.®° Progressive external ophthalmoplegia was a
phenotypic feature in a patient with mitochondrial neurogastrointestinal
encephalomyopathy,® Wolfram syndrome,** Leigh syndrome, autosomal dominant

optic atrophy, and mitochondrial recessive ataxia syndrome.®! Progressive external



ophthalmoplegia has been also described in MERRF syndrome.®? Infantile-onset
spinocerebellar ataxia is a Finnish disease, and some of the 24 cases reported so far
developed ophthalmoplegia.63 A hallmark of the sensory ataxic neuropathy with
dysarthria and ophthalmoparesis syndrome is ophthalmoparesis.64 Sensory ataxic
neuropathy with dysarthria and ophthalmoparesis is due to mutations in either the
POLG1 or PEO1 gene resulting in multiple mitochondrial DNA deletions.®*
Additionally, ophthalmoparesis can be found in mitochondrial depletion syndrome®® or
patients with nonsyndromic mitochondrial disorders.®® Ultrastructural changes on
muscle biopsy from extraocular muscles are clearly different in patients with Leber

hereditary optic neuropathy and progressive external ophthalmoplegia.76

Mitochondrial Disorder Manifestations of the Eyelid

One of the most frequent mitochondrial disorder manifestations is ptosis (Figure 2). It
may occur unilaterally at onset but usually becomes bilateral during the disease
course. Ptosis may be the sole manifestation of a mitochondrial disorder, particularly
at onset of the disease, or associated with other manifestations. Ptosis may show
dynamic alterations specifically at onset of the disease, giving rise to
misinterpretation as myasthenia gravis.”” Particularly at onset, ptosis may be discrete
such that it is missed on clinical exam. Ptosis may be associated with progressive
external ophthalmoplegia or other ocular manifestations of a mitochondrial disorder.
Ptosis may be a phenotypic manifestation in syndromic as well as nonsyndromic
mitochondrial disorders. Among the syndromic mitochondrial disorders, ptosis has
been particularly reported in progressive external ophthalmoplegia, MELAS, MERRF,
Kearns-Sayre syndrome, sensory ataxic neuropathy with dysarthria and

ophthalmoparesis,®” Pearson syndrome, mitochondrial neurogastrointestinal



encephalomyopathy, and autosomal dominant optic atrophy (Table 2)."° In a study of
44 Chinese patients with Leigh syndrome, ptosis was present in 16%.2* Isolated
cases with maternally inherited deafness and diabetes,®® mitochondrial
neurogastrointestinal encephalomyopathy,® or mitochondrial depletion syndrome68
also presented with ptosis. In a Persian Jew with mitochondrial myopathy, lactic
acidosis, and sideroblastic anemia due to a PUS1 mutation, weak lid closure was
described.?® Ptosis is accessible to surgical repair, but has a strong tendency to recur

after correction.

Other Manifestations

Madarosis (alopecia of eyelashes) is an extremely rare mitochondrial disorder
manifestation and has been reported only in 1 patient so far.” Alopecia of the
eyebrows occasionally occurs in patients with nonsyndromic mitochondrial disorders
(Finsterer J, MD, PhD, KAR, Vienna, Austria) but has not been reported in patients
with syndromic mitochondrial disorders. Blepharospasm, a form of focal dystonia,

may be also a rare manifestation of nonsyndromic mitochondrial disorders.°

Mitochondrial Disorders Primarily Manifesting in the Eye

There are a few syndromic mitochondrial disorders that primarily present with
ophthalmologic manifestations. Among these are Leber hereditary optic neuropathy
and autosomal dominant optic atrophy. Thus, both are described in more detail

below.

Leber Hereditary Optic Neuropathy



Leber hereditary optic neuropathy is a maternally inherited blinding disorder due to
mutations in genes encoding for subunits of respiratory-chain complex |. Mutations in
3 genes account for almost 90% of all Leber hereditary optic neuropathy cases.>
The 3 most prevalent Leber hereditary optic neuropathy mutations (primary Leber
hereditary optic neuropathy mutations) include the m.3460A>G mutation in the ND1
gene, the m.11778G>A mutation in the ND4 gene, and the m.14484T>C mutation in
the ND6 gene.>® Clinically, Leber hereditary optic neuropathy is characterized by
bilateral, painless, subacute visual failure that develops during young adult life.81
Leber hereditary optic neuropathy is 4 to 5 times more frequent in males compared
with females. Affected individuals are usually entirely asymptomatic until they
develop visual blurring affecting the central visual field in 1 eye.81 Similar symptoms
occur in the other eye an average of 2 to 3 months later. Visual acuity is severely
reduced to counting fingers or even worse in the majority of cases, and visual field
testing shows an enlarging dense central or ceco-central scotoma.?' After the acute
phase, the optic discs become atrophic. Funduscopic findings typical for Leber
hereditary optic neuropathy include microangiopathy, hyperemic discs, retinal
telangiectasias (ectatic capillaries), peripapillary microangiopathy, and tortuosity of
vessels (twisted vessels) (Figure 3). MRI of the orbita may show atrophy of the nerve
with compensatory widening of the space below the optic sheath. Mutations in the
mitochondrial ND3, ND4, or ND6 genes may cause Leber hereditary optic

neuropathy with dystonia.®? Currently, there is no effective treatment available.

Autosomal Dominant Optic Atrophy
Autosomal dominant optic atrophy is a blinding disorder, which, unlike Leber

hereditary optic neuropathy, does not exhibit a gender bias.** It is due to mutations in



the nuclearly encoded OPA1 gene.** Autosomal dominant optic atrophy also may be
due to OPA3 mutations, which go along with cataract.” Autosomal dominant optic
atrophy is clinically characterized by progressive, painless, bilaterally symmetric
visual loss.?” The most frequent visual field abnormalities in autosomal dominant
optic atrophy are central, ceco-central, or para-central scotomas consistent with early
involvement of the papillo-macular bundle.?” Optic disc atrophy may be subtle,
diffuse, or present as temporal “wedge” defect.?*%* In some families, OPA1 mutations
may not only manifest with optic atrophy but also with progressive external
ophthalmoplegia, ptosis, and hypoacusis.85 Because glaucoma neuropathy,
autosomal dominant optic atrophy, and Leber hereditary optic neuropathy
occasionally present with similar topographic optic disc changes, they cannot be
discriminated upon disc assessment alone.® Currently, there is no effective

treatment available.

Discussion

This review shows that ophthalmologic involvement in mitochondrial disorders is
frequent, variable, and diverse. Among primary ophthalmologic manifestations of
mitochondrial disorders, cataract, pigmentary retinopathy, and optic atrophy appear
to be the most frequent, and among the secondary manifestations it is progressive
external ophthalmoplegia, ptosis, and nystagmus. Rare ophthalmologic
manifestations of mitochondrial disorders include glaucoma, choroidal abnormalities,
strabismus, macular degeneration, abnormalities of the ciliary body, or corneal
lesions. Ocular abnormalities in mitochondrial disorders may occur isolated or may
occur in association with other organ manifestations of a mitochondrial disorder.

Organs other than the eyes affected in mitochondrial disorders include the muscles,



nerves, central nervous system, endocrine organs, heart, gastrointestinal tract,
kidneys, bone marrow, skin, or the bones. Involvement of the central nervous system
or the vestibular system may secondarily affect the eyes. Ocular abnormalities may
dominate the phenotype, such as in Leber hereditary optic neuropathy, progressive
external ophthalmoplegia, or autosomal dominant optic atrophy or may be
nondominant. If ophthalmologic manifestations are mild or if other more dominant
features prevail, ophthalmologic abnormalities may be missed. Ocular abnormalities
may be accessible to therapy or may be inaccessible to treatment. Ophthalmologic
involvement in mitochondrial disorders needs to be appreciated because there is
appropriate cure available in some cases, which strongly determines the outcome.
Blepharospasm responds favorably to botulinum toxin, surgery can be beneficial for
ptosis, ophthalmoparesis, strabismus, glaucoma, or cataract, and drugs may be
effective for glaucoma, or central nervous system or vestibular causes of nystagmus.
Inaccessible to treatment are retinitis pigmentosa, optic atrophy, or abnormalities of
the ciliary body or the choroidea. Recognizing ophthalmologic abnormalities in
mitochondrial disorders is also important to differentiate them from causes other than
mitochondrial disorder.

Ophthalmologists should not only look into but also around the eyes of a
mitochondrial disorder patient. Each physician involved in the management of
mitochondrial disorder patients must have a close look into the eyes of their patients.
Ophthalmologic complaints must be taken seriously and must be followed up and
assessed until an appropriate diagnosis has been established. Ophthalmologic
manifestations of mitochondrial disorders may go undiagnosed if the abnormality is
subclinical or mild. Ophthalmologic symptoms that patients with mitochondrial

disorders may report include visual impairment, blurring, clouding, photophobia,



double vision, visual field defects, tear-dropping, dry eyes, lid drop, loss of eyelashes
or eyebrows, ocular pain at rest or at bulb movement, vertigo, or headache. Ocular
symptoms can be easily retrieved, and an orientating ophthalmologic investigation
can be carried out by each physician. Simple tests for visual acuity, double vision,
field defects, nystagmus, pupillary reactions, or voluntary or pursuit eye movements
can be carried out. More sophisticated investigations should be reserved for the
ophthalmologist.

In conclusion, this review about ophthalmologic manifestations in mitochondrial
disorders shows that the eye is frequently affected in syndromic as well as
nonsyndromic mitochondrial disorders. Primary and secondary ophthalmologic
manifestations can be differentiated. The most frequent ophthalmologic
manifestations of mitochondrial disorders include ptosis, progressive external
ophthalmoplegia, optic atrophy, retinopathy, cataract, and nystagmus. It is important
to recognize and diagnose ophthalmologic manifestations of mitochondrial disorders
because they may lead to the diagnosis of the mitochondrial disorder, and some of
them are accessible to symptomatic treatment with partial or complete short-term or
long-term beneficial effect. If the neurologist is alert to ophthalmologic symptoms and

signs, he will not miss the gate to mitochondrial disease via the eyes.

References

1. Meulemans A, Seneca S, Lagae L, et al. A novel mitochondrial transfer
RNA(Asn) mutation causing multiorgan failure. Arch Neurol. 2006;63:1194—
1198.

2. Al-Enezi M, Al-Saleh H, Nasser M. Mitochondrial disorders with significant
ophthalmic manifestations. Middle East Afr J Ophthalmol. 2008;15:81-86.

3. Schmitz K, Lins H, Behrens-Baumann W. Bilateral spontaneous corneal
perforation associated with complete external ophthalmoplegia in
mitochondrial myopathy (Kearns-Sayre syndrome). Cornea. 2003;22:267-270.



4. Lee JJ, Tripi LM, Erbe RW, Garimella-Krovi S, Springate JE. A mitochondrial
DNA deletion presenting with corneal clouding and severe Fanconi syndrome.
Pediatr Nephrol. 2012;27:869-872

5. Kasbekar SA, Gonzalez-Martin JA, Shafig AE, Chandna A, Willoughby CE.
Corneal endothelial dysfunction in Pearson syndrome. Ophthalmic Genet.
2013;34:55-57.

6. Wojcik KA, Btasiak J, Kurowska AK, Szaflik J, Szaflik JP. Oxidative stress in
the pathogenesis of keratoconus. Klin Oczna. 2013;115:311-316.

7. Hayashi N, Geraghty MT, Green WR. Ocular histopathologic study of a patient
with the T 8993-G point mutation in Leigh’s syndrome. Ophthalmology.
2000;107:1397-1402.

8. Barboni P, Savini G, Plazzi G, et al. Ocular findings in mitochondrial
neurogastrointestinal encephalomyopathy: a case report. Graefes Arch Clin
Exp Ophthalmol. 2004;242:878-880.

9. Burglen L, Chantot-Bastaraud S, Garel C, et al. Spectrum of pontocerebellar
hypoplasia in 13 girls and boys with CASK mutations: confirmation of a
recognizable phenotype and first description of a male mosaic patient.
Orphanet J Rare Dis. 2012;7:18.

10.Rummelt V, Folberg R, lonasescu V, Yi H, Moore KC. Ocular pathology of
MELAS syndrome with mitochondrial DNA nucleotide 3243 point mutation.
Ophthalmology. 1993;100:1757-1766.

11.Bremner FD, Shallo-Hoffmann J, Riordan-Eva P, Smith SE. Comparing pupil
function with visual function in patients with Leber’s hereditary optic
neuropathy. Invest Ophthalmol Vis Sci. 1999;40:2528-2534.

12.Ali N, Woodward CE, Sweeney M, et al. Pupillary dysfunction in an atypical
case of mitochondrial myopathy with tubular aggregates. J Neuroophthalmol.
2010;30:153-156.

13.Isashiki Y, Nakagawa M, Ohba N, et al. Retinal manifestations in
mitochondrial diseases associated with mitochondrial DNA mutation. Acta
Ophthalmol Scand. 1998;76:6—-13.

14.Bene J, Nadasi E, Kosztolanyi G, Méhes K, Melegh B. Congenital cataract as
the first symptom of a neuromuscular disease caused by a novel single large-
scale mitochondrial DNA deletion. Eur J Hum Genet. 2003;11:375-379.

15. Lachmund U, Mojon DS. Leber’s hereditary optic neuropathy in malnutrition: a
case report. Klin Monbl Augenheilkd. 2006;223:393-396.

16.Van Hove JL, Cunningham V, Rice C, et al. Finding twinkle in the eyes of a
71-year-old lady: a case report and review of the genotypic and phenotypic
spectrum of TWINKLE-related dominant disease. Am J Med Genet A.
2009;149A:861-867.

17. Grau T, Burbulla LF, Engl G, et al. A novel heterozygous OPA3 mutation
located in the mitochondrial target sequence results in altered steady-state
levels and fragmented mitochondrial network. J Med Genet. 2013;50:848—-858.

18.Titah SM, Meunier |, Blanchet C, et al. Cataract as a phenotypic marker for a
mutation in WFS1, the Wolfram syndrome gene. Eur J Ophthalmol.
2012;22:254-258.

19.Gronlund MA, Honarvar AK, Andersson S, et al. Ophthalmological findings in
children and young adults with genetically verified mitochondrial disease. Br J
Ophthalmol. 2010;94:121-127.

20.Tyni T, Paetau A, Strauss AW, Middleton B, Kivela T. Mitochondrial fatty acid
beta-oxidation in the human eye and brain: implications for the retinopathy of



long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency. Pediatr Res.
2004;56:744-750.

21. Pfeffer G, Sirrs S, Wade NK, Mezei MM. Multisystem disorder in late-onset
chronic progressive external ophthalmoplegia. Can J Neurol Sci.
2011;38:119-123.

22. Sieverding L, Schmaltz AA, Apitz J, et al. Encephalomyelopathy,
cardiomyopathy, cataract and changes in the retinal pigment epithelium
resulting from a cytochrome c oxidase deficiency. Klin Padiatr. 1988;200:381—
387.

23.Mori M, Mytinger JR, Martin LC, Bartholomew D, Hickey S. m.8993T>G-
Associated Leigh syndrome with hypocitrullinemia on newborn screening.
JIMD Rep. 2014;17:47-51.

24.Han J, Lee YM, Kim SM, Han SY, Lee JB, Han SH. Ophthalmological
manifestations in patients with Leigh syndrome. Br J Ophthalmol.
2015;99:528-535.

25.Rath PP, Jenkins S, Michaelides M, et al. Characterisation of the macular
dystrophy in patients with the A3243G mitochondrial DNA point mutation with
fundus autofluorescence. Br J Ophthalmol. 2008;92:623—-629.

26.Maguluri S, Recchia FM. Parafoveolar intraretinal crystals in Pearson
syndrome. Retin Cases Brief Rep. 2007;1:239-240.

27.Gorman GS, Taylor RW. Mitochondrial DNA abnormalities in ophthalmological
disease. Saudi J Ophthalmol. 2011;25:395-404.

28.Guillausseau PJ, Massin P, Dubois-Laforge D, et al. Maternally inherited
diabetes and deafness: a multicenter study. Ann Intern Med. 2001;134:721—
728.

29.Massin P, Virally-Monod M, Vialettes B, et al. Prevalence of macular pattern
dystrophy in maternally inherited diabetes and deafness. Ophthalmology.
1999;106:1821-1827.

30.Pablo LE, Garcia-Martin E, Gazulla J, et al. Retinal nerve fiber hypertrophy in
ataxia of Charlevoix-Saguenay patients. Mol Vis. 2011;17:1871-1876.

31.Ponjavic V, Andreasson S, Tranebjaerg L, Lubs HA. Full-field
electroretinograms in a family with Mohr-Tranebjaerg syndrome. Acta
Ophthalmol Scand. 1996;74:632—-635.

32. Dhalla MS, Desai UR, Zuckerbrod DS. Pigmentary maculopathy in a patient
with Wolfram syndrome. Can J Ophthalmol. 2006;41:38—40.

33. Barrientos A, Casademont J, Genis D, et al. Sporadic heteroplasmic single
5.5 kb mitochondrial DNA deletion associated with cerebellar ataxia,
hypogonadotropic hypogonadism, choroidal dystrophy, and mitochondrial
respiratory chain complex | deficiency. Hum Mutat. 1997;10:212-216.

34.Carelli V, La Morgia C, Valentino ML, Barboni P, Ross-Cisneros FN, Sadun
AA. Retinal ganglion cell neurodegeneration in mitochondrial inherited
disorders. Biochim Biophys Acta. 2009;1787:518-528.

35.La Morgia C, Caporali L, Gandini F, et al. Association of the mtDNA
m.4171C>A/MT-ND1 mutation with both optic neuropathy and bilateral
brainstem lesions. BMC Neurol. 2014;14:116.

36. Heidary G, Calderwood L, Cox GF, et al. Optic atrophy and a Leigh-like
syndrome due to mutations in the c120rf65 gene: report of a novel mutation
and review of the literature. J Neuroophthalmol. 2014;34:39—43.



37.Makela-Bengs P, Suomalainen A, Majander A, et al. Correlation between the
clinical symptoms and the proportion of mitochondrial DNA carrying the 8993
point mutation in the NARP syndrome. Pediatr Res. 1995;37:634—639.

38.Nikali K, Lonnqvist T. Infantile-onset spinocerebellar ataxia. 2009 Jan 27
[updated 2015 Jan 15]. In: Pagon RA, Adam MP, Ardinger HH, et al. , eds.
GeneReviews® [Internet]. Seattle, WA: University of Washington; 1993-2015.
http://www.ncbi.nim.nih.gov/books/NBK3795/. Accessed March 14, 2015.

39.Filiano JJ, Goldenthal MJ, Mamourian AC, Hall CC, Marin-Garcia J.
Mitochondrial DNA depletion in Leigh syndrome. Pediatr Neurol. 2002;26:239—
242.

40.Metodiev MD, Gerber S, Hubert L, et al. Mutations in the tricarboxylic acid
cycle enzyme, aconitase 2, cause either isolated or syndromic optic
neuropathy with encephalopathy and cerebellar atrophy. J Med Genet.
2014;51:834-838.

41.Valentino ML, Barboni P, Rengo C, et al. The 13042G --> A/ND5 mutation in
mtDNA is pathogenic and can be associated also with a prevalent ocular
phenotype. J Med Genet. 2006;43:e38.

42.Taban M, Cohen BH, David Rothner A, Traboulsi El. Association of optic
nerve hypoplasia with mitochondrial cytopathies. J Child Neurol. 2006;21:956—
960.

43.Inagaki Y, Mashima Y, Fuse N, Ohtake Y, Fujimaki T, Fukuchi T; Glaucoma
Gene Research Group. Mitochondrial DNA mutations with Leber’s hereditary
optic neuropathy in Japanese patients with open-angle glaucoma. Jpn J
Ophthalmol. 2006;50:128—-134.

44.Yu-Wai-Man P, Stewart JD, Hudson G, et al. OPA1 increases the risk of
normal but not high tension glaucoma. J Med Genet. 2010;47:120-125.

45.Bekir NA, Gungor K, Guran S. A DIDMOAD syndrome family with juvenile
glaucoma and myopia findings. Acta Ophthalmol Scand. 2000;78:480-482.

46. Banerjee D, Banerjee A, Mookherjee S, et al. Mitochondrial genome analysis
of primary open angle glaucoma patients. PLoS One. 2013;8: e70760.

47.Rose LV, Rose NT, Elder JE, Thorburn DR, Boneh A. Ophthalmologic
presentation of oxidative phosphorylation diseases of childhood. Pediatr
Neurol. 2008;38:395-397.

48.Nakaso K, Adachi Y, Fusayasu E, et al. Leber’s hereditary optic neuropathy
with olivocerebellar degeneration due to G11778A and T3394C mutations in
the mitochondrial DNA. J Clin Neurol. 2012;8:230-234.

49.Shinmei Y, Kase M, Suzuki Y, et al. Ocular motor disorders in mitochondrial
encephalopathy with lactic acid and stroke-like episodes with the 3271 (T-C)
point mutation in mitochondrial DNA. J Neuroophthalmol. 2007;27:22-28.

50. Ji JQ, Dimmock D, Tang LY, et al. A novel ¢.592-4_¢.592-3delTT mutation in
DGUOK gene causes exon skipping. Mitochondrion. 2010;10:188-191.

51.Da Pozzo P, Cardaioli E, Malfatti E, et al. A novel mutation in the
mitochondrial tRNA(Pro) gene associated with late-onset ataxia, retinitis
pigmentosa, deafness, leukoencephalopathy and complex | deficiency. Eur J
Hum Genet. 2009;17:1092—-1096.

52.Liskova P, Ulmanova O, Tesina P, et al. Novel OPA1 missense mutation in a
family with optic atrophy and severe widespread neurological disorder. Acta
Ophthalmol. 2013;91:€225—-e231.



53.Anesi L, de Gemmis P, Pandolfo M, Hladnik U. Two novel homozygous SACS
mutations in unrelated patients including the first reported case of paternal
UPD as an etiologic cause of ARSACS. J Mol Neurosci. 2011;43:346-349.

54.Grosse Aldenhovel HB, Gallenkamp U, Sulemana CA. Juvenile onset diabetes
mellitus, central diabetes insipidus and optic atrophy (Wolfram syndrome)—
neurological findings and prognostic implications. Neuropediatrics.
1991;22:103-106.

55.Kili¢ M, Sivri HS, Dursun A, et al. A novel mutation in the DGUOK gene in a
Turkish newborn with mitochondrial depletion syndrome. Turk J Pediatr.
2011;53:79-82.

56. Bekri S, D’Hooghe M, Vermeersch P. X-linked sideroblastic anemia and
ataxia. 2006 Mar 01 [updated 2014 Apr 03]. In: Pagon RA, Adam MP,
Ardinger HH, et al. , eds. GeneReviews® [Internet]. Seattle, WA: University of
Washington; 1993-2014. http://www.ncbi.nlm.nih.gov/books/NBK1321/.
Accessed March 14, 2015.

57.Sonmez FM, Yayli S, Kul S, et al. Pontocerebellar hypoplasia associated with
nevoid hyperpigmentation and dysmorphic findings: a new subtype? Genet
Couns. 2012;23:347-352.

58.Dilber E, Aynaci FM, Ahmetoglu A. Pontocerebellar hypoplasia in two siblings
with dysmorphic features. J Child Neurol. 2002;17:64—66.

59.Kuncl RW, Hoffman PN. Myopathies and disorders of neuromuscular
transmission. In: Miller NR, Newman NJ , eds. Walsh and Hoyt’s Clinical
Neuro-Ophthalmology. 5th ed. Baltimore, MD: Williams & Wilkins; 1999:1351—
1460.

60.Robberecht K, Decock C, Stevens A, Seneca S, De Bleecker J, Leroy BP.
Ptosis as an associated finding in maternally inherited diabetes and deafness.
Ophthalmic Genet. 2010;31:240-243.

61. Bostan A, Glibert G, Dachy B, Dan B. Novel mutation in spacer region of
POLG associated with ataxia neuropathy spectrum and gastroparesis. Auton
Neurosci. 2012;170:70-72.

62.Fukuhara N, Tokiguchi S, Shirakawa K, Tsubaki T. Myoclonus epilepsy
associated with ragged-red fibres (mitochondrial abnormalities): disease entity
or a syndrome? Light- and electron-microscopic studies of two cases and
review of literature. J Neurol Sci. 1980;47:117—133.

63.Lonnqvist T. IOSCA—infantile onset spinocerebellar ataxia. Duodecim.
2011;127:1460-14609.

64.Hanisch F, Kornhuber M, Alston CL, Taylor RW, Deschauer M, Zierz S.
SANDO syndrome in a cohort of 107 patients with CPEO and mitochondrial
DNA deletions. J Neurol Neurosurg Psychiatry. 2015;86:630—634.

65. Finsterer J, Ahting U. Mitochondrial depletion syndromes in children and
adults. Can J Neurol Sci. 2013;40:635-644.

66.Delgado-Alvarado M, de la Riva P, Jiménez-Urbieta H, et al. Parkinsonism,
cognitive deficit and behavioural disturbance caused by a novel mutation in
the polymerase gamma gene. J Neurol Sci. 2015;350:93-97.

67.Tanaka K, Tateishi T, Kawamura N, Ohyagi Y, Urata M, Kira J. A case of
sensory ataxic neuropathy, dysarthria, and ophthalmoparesis with multiple
mitochondrial DNA deletions. Rinsho Shinkeigaku. 2013;53:205-211.

68. Finsterer J, Kovacs GG, Ahting U. Adult mitochondrial DNA depletion
syndrome with mild manifestations. Neurol Int. 2013;5:28-30.



69.Zeharia A, Fischel-Ghodsian N, Casas K, et al. Mitochondrial myopathy,
sideroblastic anemia, and lactic acidosis: an autosomal recessive syndrome in
Persian Jews caused by a mutation in the PUS1 gene. J Child Neurol.
2005;20:449-452.

70.Pathak D, Nayak B, Singh M, et al. Mitochondrial complex 1 gene analysis in
keratoconus. Mol Vis. 2011;17:1514-525.

71.Gendron SP, Bastien N, Mallet JD, Rochette PJ. The 3895-bp mitochondrial
DNA deletion in the human eye: a potential involvement in corneal ageing and
macular degeneration. Mutagenesis. 2013;28:197-204.

72.Daruich A, Matet A, Borruat FX. Macular dystrophy associated with the
mitochondrial DNA A3243G mutation: pericentral pigment deposits or
atrophy? Report of two cases and review of the literature. BMC Ophthalmol.
2014:14:77.

73.Heiduschka P, Schnichels S, Fuhrmann N, et al. Electrophysiological and
histologic assessment of retinal ganglion cell fate in a mouse model for OPA1-
associated autosomal dominant optic atrophy. Invest Ophthalmol Vis Sci.
2010;51:1424-1431.

74.Choi SY, Kim Y, Oh SW, Jeong SH, Kim JS. Pursuit-paretic and epileptic
nystagmus in MELAS. J Neuroophthalmol. 2012;32:135-138.

75.Chinnery PF, Johnson MA, Taylor RW, Durward WF, Turnbull DM. A novel
mitochondrial tRNA isoleucine gene mutation causing chronic progressive
external ophthalmoplegia. Neurology. 1997;49:1166—1168.

76.Carta A, Carelli V, D’Adda T, Ross-Cisneros FN, Sadun AA. Human
extraocular muscles in mitochondrial diseases: comparing chronic progressive
external ophthalmoplegia with Leber’s hereditary optic neuropathy. Br J
Ophthalmol. 2005;89:825-827.

77.Finsterer J. Mitochondrial disorder mimicking ocular myasthenia. Acta Neurol
Belg. 2010;110:110-112.

78.Weitgasser L, Wechselberger G, Ensat F, Kaplan R, Hladik M. Treatment of
eyelid ptosis due to Kearns-Sayre syndrome using frontalis suspension. Arch
Plast Surg. 2015;42:214-217.

79.Finsterer J, Brunner S. Madarosis from mitochondriopathy. Acta Ophthalmol
Scand. 2005;83:628-630.

80.Muiller-Vahl KR, Kolbe H, Egensperger R, Dengler R. Mitochondriopathy,
blepharospasm, and treatment with botulinum toxin. Muscle Nerve.
2000;23:647-648.

81.Yu-Wai-Man P, Chinnery PF. Leber Hereditary Optic Neuropathy 2000 Oct 26
[updated 2013 Sep 19]. In: Pagon RA, Adam MP, Ardinger HH, et al. , eds.
GeneReviews® [Internet]. Seattle, WA: University of Washington; 1993-2015.
http://www.ncbi.nim.nih.gov/books/NBK1174/. Accessed March 14, 2015.

82.Wang K, Takahashi Y, Gao ZL, et al. Mitochondrial ND3 as the novel
causative gene for Leber hereditary optic neuropathy and dystonia.
Neurogenetics. 2009;10:337-345.

83.Yu-Wai-Man P, Griffiths PG, Hudson G, et al. Inherited optic neuropathies. J
Med Genet. 2009;46:145-158.

84. Yu-Wai-Man P, Griffiths PG, Burke A, et al. The prevalence and natural
history of dominant optic atrophy due to OPA1 mutations. Ophthalmology.
2010;117:1538-1546.



85. Payne M, Yang Z, Katz BJ, et al. Dominant optic atrophy, sensorineural
hearing loss, ptosis, and ophthalmoplegia: a syndrome caused by a missense
mutation in OPA1. Am J Ophthalmol. 2004;138:749-755.

86.O’Neill EC, Danesh-Meyer HV, Kong GX, et al; Optic Nerve Study Group.
Optic disc evaluation in optic neuropathies: the optic disc assessment project.
Ophthalmology. 2011;118:964-970.



Table I. Primary and Secondary Ophthalmologic Manifestations of mitochondrial disorders.

Primary abnormalities Specific manifestation Occurring in Reference
Conjunctiva Conjunctivitis KSS 3
Cornea Endothelial dysfunction PS, KSS 2,4,5
Astigmatism (keratoconus) NS 6
Keratitis, ulcer KSS 3
Nonspecific alterations MNGIE, LS 7,8
Megalocornea PCH 9
Iris Atrophy MELAS 10
Pupillary dysfunction LHON, NS 11512
Lens Cataract MELAS, WS, ADOA, LHON, NS, MERRF, 10, 13-18
MDD, PEO
Refraction error MELAS, KSS 19
Ciliary body Epithelial dysfunction LS 7,20
Retina Pigmentary retinopathy KSS, MELAS, PCH, LS, MNGIE 2,9,12,13,21-24
Macular degeneration MELAS, PS, MDD, KSS, NS, WS 25-30
Retinal dystrophy KSS, LS, MELAS, MERRF, LHON 19
Retinal hypertrophy ARSAL 31
Nonspecific retinal degeneration MTS 32
Choroidea Atrophy MELAS, MDD, MTS, NS 10, 28, 32, 33
Optic nerve Optic atrophy LHON, ADOA, MELAS, PCH, NS, AHD, 2,8,9, 13,19, 24, 34-42

Intraocular pressure
Secondary abnormalities
Bulb motility

PS, NS

Strabism

Roving eye movements
Extraocular muscles

Glaucoma

Nystagmus

PEO

Ptosis

WS, MERRF, HMSN-IV, NS, NARP, LS,
MNGIE, IOSCA, MDS, MTS
LHON, ADOA, MNGIE, WS, NS, PCH

LS, AHD, LHON, MELAS, ADOA

LS, XLASA, PCH, NS

NS

PEO, KSS, PS, NS, SANDO, MDS, MELAS,
MNGIE, WS, LS, ADOA, MIRAS

PEO, MELAS, MERRF, KSS, PS, SANDO,

MNGIE, ADOA, LS, MDD, MDS, MLASA

8,9, 43-46

24, 42, 47-55

9, 14, 24, 47, 56-58
42

8, 27, 54, 59-66

8, 19, 24, 63, 67-69

Abbreviations: ADOA, autosomal dominant optic atrophy; AHD, Alpers-Huttenlocher disease; HMSN-IV, hereditary motor and sensory neuropathy type IV;

IOSCA, infantile-onset spinocerebellar ataxia; KSS, Kearns-Sayre syndrome; LHON, Leber hereditary optic neuropathy; LS, Leigh syndrome; MD, mitochondrial
disorder; MDD, maternally inherited deafness and diabetes; MDS, mitochondrial depletion syndrome; MELAS, mitochondrial encephalomyopathy, lactic acidosis,
and strokelike episodes; MERRF, myoclonus epilepsy with ragged red fibers; MIRAS, mitochondrial recessive ataxia syndrome; MLASA, mitochondrial myopathy,
lactic acidosis, and sideroblastic anemia; MNGIE, mitochondrial neurogastrointestinal encephalomyopathy; NARP, neuropathy ataxia retinitis pigmentosa; NS,

nonsyndromic; PCH, pontocerebellar hypoplasia; PEO, progressive external ophthalmoplegia; PS: Pearson syndrome; SANDO, sensory ataxic neuropathy with
dysarthria and ophthalmoparesis; WS, Wolfram syndrome; XLASA, X-linked sideroblastic anemia with ataxia.



Table 2. Ocular Manifestations of Syndromic and Non-syndromic
mitochondrial disorders.
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Abbreviations: ADOA, autosomal dominant optic atrophy; AHD, Alpers-
Huttenlocher disease; ARCO, autosomal recessive cardiomyopathy and
ophthalmoplegia; ARSAL, autosomal recessive spastic ataxia with
leukoencephalopathy; CAT, cataract; Chor, chronic chorodieal abnormality;
Cor, corneal involvement; DBM, disturbed bulb motility; DYTCA, dystonia and
mild cerebellar ataxia; Glau, glaucoma; IA, iris atrophy; IOSCA, infantile-onset
spinocerebellar ataxia; KSS, Kearns-Sayre syndrome; LHON, Leber hereditary
optic neuropathy; LS, Leigh syndrome; MD, mitochondrial disorder; MDD,
maternally inherited deafness and diabetes; MDS, mitochondrial depletion
syndrome; MELAS, mitochondrial encephalomyopathy, lactic acidosis, and
strokelike episodes; MIRAS, mitochondrial recessive ataxia syndrome; MLASA,
mitochondrial myopathy, lactic acidosis, and sideroblastic anemia; MNGIE,
mitochondrial neurogastrointestinal encephalomyopathy; MTS, Mohr-
Tranebjaerg syndrome; NARP, neuropathy ataxia retinitis pigmentosa; NS:
nonsyndromic mitochondrial disorder; OA, optic atrophy; PCH,
pontocerebellar hypoplasia; PEO, progressive external ophthalmoplegia; PS,
Pearson syndrome; PT, ptosis; RP, retinopathy; SANDO, sensory ataxic
neuropathy with dysarthria and ophthalmoparesis; WS, Wolfram syndrome;
XLASA, X-linked sideroblastic anemia with ataxia.



Figure 1. Fluorescein angiography showing blocking of background fluorescence in
areas of hyperpigmentation and hyperfluorescence due to a retinal pigment

epithelium window defects in the depigmented areas (A, B).
N

Fluorescein angiography showing blocking of background fluorescence in areas of
hyperpigmentation and hyperfluorescence due to a retinal pigment epithelium
window defects in the depigmented areas (A, B). On spectral domain optical
coherence tomography scans taken through the planes indicated by the green
arrows, hyperpigmented areas corresponding to a hyperreflective dome-shaped
lesion that seemed to originate from the retinal pigment epithelium are shown (blue
arrows) (C, D).



Figure 2. A 58-year-old man with genetically unconflrmed Kearns-Sayre syndrome

A 58-year-old man with genetically unconfirmed Kearns-Sayre syndrome who had
developed slowly progressive bilateral ptosis since age 32 years. He had undergone
a first surgical ptosis correction at age 46 years but experienced a relapse already 1
year later. He underwent a second ptosis correction on the right side at age 58 years.



Figure 3. Funduscopy of a patient carrying the mitochondrial DNA mutation
m.13042G>A in the ND5 gene showing complete optic atrophy and retinopathy
characterized by yellowish dots in the retinal pigmented epithelium with peripheral
distribution (left).

Funduscopy of a patient carrying the mitochondrial DNA mutation m.13042G>A in
the ND5 gene showing complete optic atrophy and retinopathy characterized by
yellowish dots in the retinal pigmented epithelium with peripheral distribution (left).
Complete optic atrophy and retinopathy with confluent yellowish dots at the fovea
and macula were also seen in the patient’s brother (right). In addition to the Leber
hereditary optic neuropathy—like optic neuropathy and retinopathy, the phenotype
included cataract, strokes, miscarriages, and sudden death.



