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Oculopharyngeal muscular dystrophy (OPMD)
is an autosomal dominant muscle disorder, usually
of late onset. OPMD is among the few triplet re-
peat diseases/ polyalanine (poly(A)) expansion dis-
eases for which the function of the mutated gene
is quite well established. The disease is charac-
terised by slowly progressive bilateral ptosis, dys-
phagia and proximal limb weakness, appearing
after the age of 40 years. Prevalence and incidence
of OPMD are low, but the disease occurs all over
the world. The pedigrees of two Swiss kindred
have been previously reported in Switzerland. In
the last 2 years, accumulation of newly diagnosed
cases in North-West Switzerland have been 
observed, which suggests that OPMD may be
more prevalent than previously thought. Primary
care providers, opthalmologists and neurologists
that are alert for the almost specific combination

of clinical signs, together with the availability of
reliable genetic testing may help to recognise cur-
rently undiagnosed patients. They can advance
knowledge and the characterisation of the OPMD
population in Switzerland. Since the number of
disorders linked to poly(A) expansions is growing
rapidly, the study of OPMD may contribute to the
understanding of a large group of other develop-
mental and degenerative diseases. On the basis of
a patient with “classical” OPMD, this review sum-
marises the clinical, therapeutic, epidemiological,
pathomechanistic and genetic aspects of OPMD, 
provides practical information about the differen-
tial diagnosis of OPMD, and presents a survey of
different investigational methods. 
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Slowly progressive weakness of ocular muscles
was first reported as “progressive external ophthal-
moplegia” (PEO) by von Graefe in 1868 [1]. But it
was only in 1962 when Victor recognised a unique
association of PEO with insidious pharyngeal
weakness and subsequently introduced the term
“oculopharyngeal muscular dystrophy” (OPMD)
[2]. The report by Taylor in 1915 and some other
case reports had been overlooked before [3]. 
The largest clusters of OPMD were observed by
Barbeau in Quebec [4] with an estimated preva-
lence of 1:1000 in the late sixties, and in 1997 
by Blumen, who found a prevalence of 1:600 in
Bukhara Jewish immigrants in Israel [5]. Recently,
by analysing local hospital records, Becher and 
colleagues have revealed an unexpected large
OPMD population of Hispanic offspring living in
New Mexico (USA) [6]. Eventually, patients with
OPMD have been reported in more than 30 coun-
tries on all five continents (for review, see [7]). In
Switzerland, Graf published the first family with

OPMD in 1971 [8]; another family with 7 symp-
tomatic members within 3 generations was de-
scribed by Knoblauch in 1984 [9]. 

No case of OPMD was observed during the
last 20 years at a tertiary care hospital in North-
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Abbreviations:

CPEO chronic progressive external ophthalmoplegia

CSF cerebrospinal fluid

EDTA ethylene-diamino-tetraacetic acid

ENT ear-nose-throat

INIs intranuclear inclusions

KSS Kearns-Sayre syndrome

MG myasthenia gravis

MRI magnetic resonance imaging

OPMD oculopharyngeal muscular dystrophy

PABP2 poly-adenylate binding protein-2

PABPN1 poly-adenylate binding protein nuclear gene-1

poly(A) poly(alanine)
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West Switzerland. However, since 2003 the diag-
nosis of OPMD of six  non-related cases from this
region has been genetically confirmed at the Divi-
sion of Human Genetics of the University Chil-
dren’s Hospital of Basel (UCHB). Although all
these patients had a combination of ptosis, dyspha-
gia and/or limb weakness, most of them were 
primarily seen by an ophthalmologist and treated
only for their ocular problems. The disease re-
mained undiagnosed for a substantial period of
their life. All but one patient had a positive family
history; however, none of their relatives received 
a diagnostic work-up. Routine genetic testing to

confirm the diagnosis of OPMD has been estab-
lished in 2003 at the Division of Human Genetics
of the UCHB. Thus, reporting on our index pa-
tient, this review summarises the current knowl-
edge of the clinical, pathological, and genetic fea-
tures of OPMD. We intend to review the differen-
tial diagnosis of OPMD and to discuss the lite-
rature with special emphasis on the diagnostic 
and therapeutic advances in the field of OPMD.
Increased awareness of OPMD by primary care
physicians, ophthalmologists and ENT doctors
may facilitate and speed up earlier diagnosis of
OPMD. 

The symptoms of OPMD usually start insid-
iously and become manifest in the fifth or sixth
decade, with a slowly progressive course; even-
tually, beyond the age of 70, all patients are
symptomatic [10]. The main symptoms are pto-
sis and dysphagia due to weakness of the levator
palpebrae and pharyngeal muscles. Although
other extraocular muscles may become gradually
involved, complete external ophthalmoplegia is
rare and intrinsic eye (ciliary, sphincter) muscles
are not affected [11]. Ptosis is always bilateral,
but may be asymmetrical. Upon progression of
ptosis, patients try to compensate their limita-
tion of the visual field by contracting the frontal
muscle and reclining the head, holding their head
in the so-called “astrologist’s” posture. This pos-
ture may aggravate the dysphagia. The symp-
toms of dysphagia in OPMD typically are
noticed first for solid foods. Later on, fluids may
become difficult to swallow, too. Weakness and
atrophy of the tongue can be observed in the vast
majority of patients [12]. Consecutive aspiration
pneumonia, together with malnutrition or even
starvation, are the leading causes of death in
patients with OPMD. However, these events
mostly occur at higher age and life expectancy

seems not to be shortened, although quality of
life may be substantially impaired during the last
years of life.

The myopathic process may become manifest
with several other symptoms which are listed in
table 1 (modified from [13]). Some patients even-
tually may become wheelchair-bound [12]. Inter-
estingly, a recent study of Dutch patients reported
substantial limb-girdle weakness – even as the first
manifestation of OPMD – in a high percentage of
patients [13]. 

The existence of an additional axonal sensori-
motor neuropathy in OPMD patients has been re-
ported several times [12, 14–21] and even one case
with involvement of the CNS [22]. Nevertheless,
it remains unclear whether the neuropathy is
causatively related to OPMD or whether it is a co-
incidental disorder in OPMD patients, or simply
a process of ageing. Another possibility in such pa-
tients may consist in a purely neuropathic process
involving the limbs and extending to the cranial
nerves. However, in such cases, additional neuro-
physiological, laboratory, histopathological and
genetic examinations may allow to specifically de-
termine the cause of the suspected neuropathic
process (see below).

Clinical features

Table 1

Frequency of clinical signs of OPMD according to different studies [5, 6, 12, 13, 18, 19, 92–95]; (modified from [13]).

Study New Mexico Israel Québec France Uruguay Italy Germany The Nether- UK
(n = 49) (n = 117) (n = 72) (n = 29) (n = 65) (n = 18) (n = 16) lands (n = 16) (n = 31)

Symptom/sign

Ptosis 92% 98% 100% 97% 91% 100% 100% 100% 100%?

Dysphagia 76% 73% 100% 69% >40% 67% 63% 100% 100%?

Dysarthrophonia 41% 70% 67% 34% n.s. n.s. 25% 75% n.s.

Proximal weakness 65% 20% 38/71%* 52% 34% 61% 56% 81%*** n.s.

Facial weakness n.s. 17% 43% n.s. 66% 11% 13% 81% n.s.

Abnormal gait 35% n.s.** n.s. n.s. n.s. n.s. 38% n.s. n.s.

eye motility disorder n.s. 21% 61% 55% 68% 5% 31% 25% 50%

* upper/ lower extremity; ** n.s.: not specified; *** including additional limb-girdle weakness
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Figure 1

Progression of ptosis
in OPMD: evolution
of the patient re-
ported, at age 20
(left), and at age 64
(right). The photo-
graphs are published
with the informed
consent of the
patient.

Figure 2

Autosomal-dominant
inheritance of OPMD: 
the patients’ mother
at his wedding day; 
note the marked pto-
sis (circle/arrow). 
The photograph is
published with the
informed consent of
the patient.

Illustrative case

History
The 65-year-old male patient was referred by his oph-

thalmologist for neurological evaluation of ptosis. The pa-
tient himself noticed slight ptosis in 1995, more pro-
nounced on the right eye. The ptosis had become a hand-
icap to him since 2002, forcing him to recline his head in
order to see (figure 1). Because of progressive fatigue he
had to walk slowly. Since 2002, he additionally became
aware of a slurred speech and had the impression of a
heavy, awkward tongue. He found swallowing of saliva dif-
ficult and started to choke when eating too fast. He had to
eat extremely slowly so that even small meals lasted more
than an hour. Although he trained for taking small bites
and subsequent rinsing with water, he reported needing to
cough after swallowing. Despite these difficulties, his
weight remained stable. Personal history was notable for
palpitations suggestive of re-entry tachyarrhythmias dur-
ing his twenties; however, they ceased at age 30 without
treatment. He had hearing loss resulting from exposure to
shooting noise. He took no medication and did not drink
alcohol. 

Family history was remarkable in that his mother 
(figure 2) and one of his two older brothers had already
been successfully operated for ptosis by tarsorrhaphy. One
sister and one brother seemed to be unaffected and
healthy. One older sister had severe multiple sclerosis and
died at age 40 because of secondary pulmonary problems.
The mother died at age 81, probably due to pneumonia.
According to the patient, she was almost unable to eat dur-
ing the last period of her life, except for a daily small
amount of yoghurt. Her ptosis relapsed some years after
the operation; she had substantial difficulties to talk and
was nearly deaf. One of the patient’s brothers had been op-
erated because of bilateral ptosis several years ago with
good results so far. No family member had paid attention
to the speech- and deglutition problems, nor had linked it
to the ptosis. Additionally, one brother and one sister of
the patient’s mother suffered from identical symptoms.

Physical examination
The patient was in good general condition. He

showed marked bilateral palpebral ptosis (right > left) and

the width of eyelid clefts were 3 mm (right) and 5 mm (left)
(figure 1). He also showed bilateral minimally restricted
upward gaze. He had slight left-sided intentional tremor.
Deep tendon reflexes were symmetrically reduced on all
four limbs. Muscle strength and sensibility were normal.
He had impaired hearing and Unterberger’s test showed a
deviation to the left of 90°. The neurological examination
was otherwise normal. 

Investigations
At first appreciation, the personal and familial history

of the patient together with the clinical findings strongly
suggested OPMD. Electromyography showed mild bilat-
eral myopathic signs in the orbicularis oculi and tibial 
anterior muscles. Repetitive electrical stimulation of the fa-
cial and accessory nerves and an ice water test performed
in order to exclude altered neuromuscular transmission
were normal. Because of the reported muscular ex-
haustibility we performed an ischaemia test with measure-
ment of lactate concentrations, which showed no signs sug-
gestive of a metabolic myopathy. 

Nasopharyngeal videoendoscopy revealed dysphagia
for foods and fluids because of dysfunction of all phases of
deglutition, with delayed triggering and insufficient relax-
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ation of the upper oesophageal sphincter, and paresis of
the tongue and the posterior wall of the hypopharynx.
Consecutively, solid foods rather than fluids were pooled
in the epiglottic valleculae and the piriform recessus from
which they could be only removed by repetitive swallow-
ing. Reclination of the head aggravated deglutition prob-
lems. Coughing started with significant delay after the
penetration of fluids into the larynx; however, there were
no signs of aspiration.

Blood tests showed normal haematological cell
counts; creatinine phosphokinase (CK) (371 U/L [<200]),
g-glutamyltransferase (116 U/L [<66]), and IgA (6.94 g/L
[0.3–3.8]) were mildly elevated. 

An MRI of the head performed because of the patho-
logical Unterberger’s test and near-deafness, revealed 
unspecific subcortical microangiopathic changes and
specifically ruled out an ischaemic, neoplastic or inflam-
matory lesion of the brainstem. Since the patient men-

tioned tachyarrhytmias during adolescence, an ECG was
made which showed normal sinusal rhythm without signs
of aberrant conduction or bundle branch blocks.

Subsequent molecular genetic analysis of leukocyte-
derived DNA from the patient revealed an expansion of
the GCG triplets from 6 (wild-type) to 9 repeats in the
PABPN1 gene confirming the clinically suspected OPMD
in our patient. 

Initially no muscle biopsy was performed. However,
a muscle specimen taken during tarsorrhaphy lacked, not
unexpectedly, the typical histological pattern of OPMD
(see below), while  important but unspecific tissue changes
were present. 

Clinical and videoendoscopic reevaluation one 
year later showed further deterioration of swallowing.
However, the functional situation is currently stable under
intensive training of swallowing by a speech therapist 
and adaptations of life-style. 

General considerations
Oculopharyngeal muscular dystrophy

(OMIM 164 300) is caused by expansions in a 6
GCG trinucleotide repeat tract ([GCG]6) located
in the first exon of the polyadenylate binding pro-
tein nuclear 1 gene (PABPN1) on chromosome
14q11.2–q13 [23]. In the vast majority of patients
the disease is inherited in an autosomal dominant
fashion with heterozygous mutation carriers dis-
playing alleles in the range from 8 to 13 GCG re-
peats [(GCG)8–13]. Thus far, autosomal reces-
sively inherited OPMD has only been observed in
a single patient being homozygous for the (GCG)7
allele [23]. Due to its prevalence of 1 to 2% in the
Western world, the (GCG)7 allele per se is consid-
ered a polymorphism.

The expansion of GCG triplet repeats, encod-
ing the amino acid alanine, leads to an elongation
of the N-terminal polyalanine tract in the
PABPN1 protein. In contrast to disorders with
comparatively large triplet repeat expansions (so-
called “dynamic” mutations) within coding se-
quences (eg polyglutamine disorders like Hunt-
ington or Kennedy disease) PABPN1 mutations
are mitotically and meiotically stable. The causal
mutational mechanism still remains to be deter-
mined: recent studies, however, suggest that
OPMD mutations occur through unequal cross-
ing-over rather than the initially proposed DNA
slippage during replication. In view of these im-
portant mechanistic differences compared to
“classical” triplet repeat expansion disorders,
OPMD is better referred to as a polyalanine (do-
main expansion) disease (for review see [7, 10]).

PABPN1 protein is part of the mRNA process-
ing machinery which adds the poly(A) tail to the
newly transcribed mRNA [24]. The protein is ex-
clusively localised in the nucleus and is present in
all tissues, particularly highly expressed in skeletal
muscle. Similar to studies on other polyalanine dis-
orders (eg the ARX gene in X-linked mental retar-
dation and epilepsy) as well as polyglutamine dis-

orders, current theories suggest that the patholog-
ically expanded polyalanine domain confers cell
toxicity by rendering the protein resistant to nu-
clear degradation. The resulting formation and
accumulation of intranuclear filaments, seen in
OPMD muscle as intranuclear inclusions (INIs),
may thus interfere with normal cell homeostasis
eventually leading to cell death [25–28]. Recent
work in a cell model of OPMD showed that the
protein aggregates directly impair the ubiquitin-
proteasome pathway, thereby inhibiting clearance
of the unfolded polypeptides and enhancing the
accumulation of INIs. In addition, these INIs seem
to reduce the induction of molecular chaperons, ie
heat-shock proteins, another cellular safe-guard
protecting cells from noxious protein aggregates
[29]. Another study showed an interaction of the
mutated PABPN1 protein of OPMD patients with
the two nucleocytoplasmic exotransporter pro-
teins hnRNP A1 and hnRNP A/B; these results
help to further explain how the intranuclear inclu-
sions typical for OPMD may accumulate [30, 31].
It is of note, however, that other, intranuclear in-
clusion-independent mechanisms have been pro-
posed, eg interference with (tissue-specific) tran-
scriptional coactivators resulting in disruption of
gene expression. Recent work has suggested that
the nuclear inclusions could also be dynamic struc-
tures [32]. 

Genetic testing 
To confirm the diagnosis in patients clinically

suspected of having OPMD molecular genetic
testing is performed. Following genetic coun-
selling and informed consent given by the patient,
a peripheral venous blood sample (2 to 5 ml EDTA
blood) is drawn. Subsequently, genomic DNA is
extracted from leukocytes and analysed by specific
amplification and direct sequencing of the first
exon of PABPN1 in order to determine the size of
the GCG trinucleotide repeat. The costs of the
analysis amount to approximately CHF 500.

Genetics, pathogenesis and molecular diagnosis of OPMD
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Rarely, other permutations than GCG triplet
repeat expansions have been described (eg a
GCA(GCG)2 insertion in Cajun OPMD patients)
with all of them resulting in a polyalanine tract ex-
pansion, too. Considering DNA sequencing as the
analytical gold standard, it is estimated that >99%
of patients with severe, autosomal dominant
OPMD actually carry a pathogenic PABPN1
triplet repeat expansion. 

Genotype-phenotype correlations in OPMD
Based on a study on French-Canadian (GCG)9

mutation carriers, penetration of dominant
OPMD has been estimated to be nearly complete
past age seventy [33]. In the majority of patients
and families, the genetic factor(s) modifying dis-
ease expression are not known and are subject of
intense research. Due to the often considerable
intra-familial variability, knowledge of the size of
the GCG repeat expansion does not allow to pre-
dict disease severity or rate of progression in
asymptomatic mutation carriers. Nevertheless,
20% of patients with severe OPMD are either ho-
mozygotes or compound heterozygotes ([GCG] 7
allele in combination with an autosomal dominant
mutation), having both alleles mutated [23]. The
worst OPMD phenotype has been observed in 
patients homozygous for an autosomal dominant
mutation in PABPN1 [34].

Furthermore, it currently remains elusive why
the ubiquitously expressed PABPN1 protein af-
fects, when mutated, some muscles with exquisite
predominance. 

Molecular genetic testing of asymptomatic
at-risk individuals

In autosomal dominant OPMD, 50% of off-
spring are at risk of having inherited the disease 
allele from the affected parent. Provided that ade-
quate genetic counselling was given to the person
to be tested and written informed consent ob-
tained, genetic testing for diagnostic confirmation
in symptomatic individuals poses few ethical prob-
lems per se. 

Predictive genetic testing of asymptomatic
family members, however, warrants extensive pre-
and post-test counselling of the proband, similar
to Huntington’s disease, since the disease occurs
only late in life (usually after age 45) and no cure
exists to date. In addition, the impact of the test 
result on the psychological as well as the socio-
economic level (eg private insurance coverage, 
employment) needs to be addressed before a test 
is performed. Due to the implications of a positive
or a negative test result, the molecular genetic
analysis should be confirmed on a second, inde-
pendently drawn blood sample to exclude any 
potential sample mix-up. As put forward in na-
tional and international guidelines, no molecular
genetic investigation should be performed during
childhood as this would remove the child’s choice
(right to ignorance) and could result in serious psy-
chosocial stigmatisation and impact future life
plans [35].

Before genetic testing became available, the
diagnosis was made on purely clinical grounds.
The presence of slowly progressive ptosis and 
dysphagia, an onset of symptoms after age 40, 
and a positive family history were pathogno-
monic. Later on, light and electron microscopy
studies of muscle biopsy specimens provided 
further diagnostic confirmation by the presence 
of rimmed vacuoles within muscle fibres and
OPMD-specific nuclear inclusion bodies. Addi-
tionally, electro(neuro)myographic studies tried to
exclude other neuromuscular disorders. Even-
tually, genetic testing fundamentally changed the
diagnostic process and the degree of diagnostic
certainty as described above. Following, some of
the diagnostic tools and their clinical, diagnostic
and prognostic impact will be discussed.

Neurophysiology
Electromyography (EMG) usually is per-

formed on proximal (deltoid, rectus femoris, tibial
anterior) and distal (extensor digitorum brevis)
muscles of the limbs. Though clinically most evi-
dent, the extraocular muscles are not easy to
analyse because they have very small motor units

generating action potentials of short duration and
making the interpretation of EMG findings diffi-
cult. Most of the changes recorded in proximal
limb muscle are myopathic with a polyphasic
motor unit potential that is small in amplitude and
of short duration. However, polyphasic motor unit
potentials of high amplitude and long duration
have been observed suggesting an additional neu-
rogenic component. Single muscle fibre EMG
yielded equivocal results because normal as well as
abnormal pairs of jitters have been recorded 
[12, 36]; thus, the usefulness of this test remains 
to be determined. By electroneurography (ENG),
repetitive supramaximal stimulation of single pe-
ripheral nerves has to be normal in patients with
OPMD, thereby excluding the presence of a dis-
order of neuromuscular transmission like myas-
thenia gravis (MG), botulism, and Lambert-Eaton
myasthenic syndrome. Mild neuropathic findings
may be seen (see above), but they are considered
to be related to older age or concomitant disease
in most cases. In clinically obvious cases of OPMD,
electromyography studies are not mandatory, but
they may be helpful for corroboration of the diag-
nosis and serve as an objective parameter of disease

The role of ancillary investigations for the diagnosis of OPMD
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evolution when repeatedly performed. In patients
where MG cannot be ruled out by clinical means,
repetitive stimulation is essential in the diagnostic
process. 

Laboratory features
Laboratory features except for genetic testing

are not specific.; creatinine phosphokinase may be
normal or slightly elevated (up to 500 U/L [nor-
mal <200 U/L]); the same is true for muscular
aldolase. Hypothyroidsm has to be ruled out. Ele-
vated levels of IgG and/or IgA (as in our patient)
does not seem to reflect an autoimmune mecha-
nism in OPMD, but most likely may result from
repetitive upper airway infection triggered by dys-
phagia. Thus, the IgA levels were significantly
higher in patients with marked progression of pto-
sis and dysphagia over the last five years [37]. The
pattern of results of repetitive lactate and ammo-
nia testing before, during, and after moderate
physical exercise (ischaemia test) should remain
within normal limits what supports the differenti-
ation of OPMD from metabolic or mitochondrial
myopathies. Normal biochemical activities of mi-
tochondrial oxidative (cytochrome C) complexes
in muscular biopsy specimens help to exclude mi-
tochondriopathies, especially chronic progressive
external ophthalmoplegia (CPEO) and Kearne-
Sayre syndrome (KSS). Testing for enzyme defi-
ciencies specific for metabolic muscular disorders,
like glycogenoses (McArdle’s disease, phospho-
fructokinase deficiency, etc.), alterations of lipid
(carnitine-palmitoyl-transferase type-I and -II de-
ficiency) or nucleotide (myoadenylate deaminase
deficiency) metabolism is only rarely warranted
when the patient presents with unspecific or very
atypical symptoms and signs of OPMD.

Cardiac exploration
Routine ECG in OPMD patients is almost al-

ways sufficient to exclude branch bundle blocks,
which were reported in a few patients with OPMD
[11]. Holter ECG and echocardiography should
only be performed when the patient presents with
symptoms and/or signs of cardiac arrhythmias or
failure. These symptoms, however, may also rep-
resent a comorbidity unrelated to OPMD. 

Investigations of swallowing
Radiologically documented swallowing and

videoendoscopy are important tools to assess the
severity of dysphagia in the course of the disease
[38]. In these studies, palatal mobility is reduced
and the gag reflex can be impaired, so that pools 
of saliva tend to accumulate in the nasopharynx,
leading to tracheobronchial aspiration. Additional
manometric and radiological studies of pharyngeal
and oesophageal motility show weak, prolonged
and repetitive pharyngeal contractions, but con-
traction of the upper oesophageal sphincter is nor-
mal. However, sphincter relaxation itself is delayed
and incomplete due to the weakness of the hy-
popharyngeal muscles. One study reported addi-

tionally significant dysmotility of the whole oeso-
phagus leading to non-propulsive or even retro-
grade transport, suggesting an important contri-
bution of oesophageal smooth muscles to the dys-
phagia of OPMD patients [39]. To conclude, the
inability of the pharyngeal musculature to build up
sufficient pressure may explain the mechanism of
dysphagia in patients with OPMD. 

Histopathology 
The histology of muscle biopsy specimen

shows some particular, but non-specific changes:
1) small angulated fibres which may represent an
ageing-related concomitant denervation process,
and 2) rimmed vacuoles within the muscle fibres
which most probably derive from an autophagic
process; (similar vacuoles are seen in inclusion
body myositis). Electron microscopy reveals
tubulofilamentous inclusions of about 8.5 nm in
diameter within the nuclei of muscle fibres which
represent the INIs and seemed to be the most spe-
cific diagnostic sign of OPMD except for genetic
testing; however, these inclusions tend to be easily
overlooked [40]. These inclusions consist of mu-
tated PABPN1 (see genetics above) that is not
degradable by the proteasome machinery [29].

Other histological changes are not specific and
common to many muscular dystrophies (loss of
muscle fibres, abnormal variation in fibre size, in-
crease in the number of nuclei, expanded intersti-
tial fibrous and fatty connective tissue). Although
probably all skeletal muscles are affected, the his-
tologic changes were most pronounced in extraoc-
ular, lingual, pharyngeal and diaphragmatic mus-
cles in autopsy findings [11]. 

When the clinical history, family history and
genetic testing are compatible with OPMD, mus-
cle biopsy is currently no longer indicated. How-
ever, muscle biopsy may help to clear diagnostic
troubles when genetic testing is negative though
clinical suspicion is high or when puzzling find-
ings concerning laboratory values (like a creati-
nine phosphokinase elevation >1000 U/L, a pos-
itive ischaemia test etc.) or an unexpected (eg,
myotonic) electromyography pattern are present.
The detection of a mutation of unknown patho-
genic significance may provide another indication
for muscular biopsy in order to properly charac-
terise the genotype-phenotype correlation. How-
ever, the value of muscular biopsies is essentially
dependent on a sufficient amount of muscular tis-
sue in the specimen taken from a clearly affected
muscle to avoid sampling error, and on a neu-
ropathologist experienced in ultrastructural exam-
ination techniques. The often focal accentuation
of the myodystrophic process in OPMD experi-
mentally allows to perform a CT of the clinically
most affected part of one limb in order to iden-
tify the optimal spot for a muscle biopsy or for
neurophysiologcal studies. Typical changes corre-
sponding to muscular fibre loss and fatty degen-
eration are reported for the semimembranous,
semitendinous, and biceps femoris muscles [41].
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To date, there are no reports on the use of MRI
for planning of the muscle biopsy; however, some
centres experimentally use MRI to guide muscle
biopsy in order to minimise the extent of sam-

pling errors [reviewed by 42]. Biopsy of the clin-
ically, electromyographically and radiologically
most affected and easiest accessible muscle is rec-
ommended.

Figure 3

Differential diagnosis
of OPMD dependent
on its key features
(dysphagia, ptosis,
proximal weakness,
late-onset (>35 y.),
and positive familial
history).

Differential diagnosis

The combination of the cardinal features of
slowly progressive late-onset ptosis, dysphagia and
dysarthria, proximal limb weakness and a positive
family history (figure 3) already allow the diagno-
sis of OPMD to be made, which can be definitively
confirmed by genetic testing. However, if the pa-
tient does not present with all the cardinal signs
and symptoms (for example, at an early stage) of
OPMD, disorders that should be considered for
differential diagnosis are shown in table 2 which
offers an overview of their key features. The par-
ticular muscles involved, histopathology, age of
clinical onset, and genetic testing allow to distin-
guish OPMD from other muscular dystrophies.
Clinically, two major differential diagnoses of
OPMD to be considered are disorders of neuro-
muscular transmission, especially MG, and mito-
chondriopathies, especially, late-onset KSS [43, 44]. 

Most patients with MG have the typically fluc-
tuating, use-dependent symptoms and signs of
muscular weakness and exhaustion worsening to-
wards evening. They usually show good response
to acetylcholine-esterase inhibitors and are posi-
tive in up to 80% when tested for anti-acetyl-
choline receptor antibodies. However, there are
cases of myasthenia gravis without fluctuating signs
and symptoms. Some may have atrophy of limb
muscles, some are tested negative for acetylcholine
receptor antibodies and respond poorly to anti-
cholinesterase drugs. In this situation, electrodiag-
nostic testing with electromyography (EMG),

repetitive stimulation, and single fibre EMG
demonstrating defective neuromuscular transmis-
sion may help to corroborate the diagnosis of MG.
Additionally, radiological evidence of a mediastinal
mass compatible with thymoma supports a diagno-
sis of MG.

The paraneoplastic LEMS in patients with
small cell lung cancer may present with ptosis, dys-
phagia and prominent proximal weakness [45].
The typical increment or facilitation after exercise
or repetitive nerve stimulation and a positive test
for antibodies against presynaptic voltage-gated
P/Q-type Ca2+-channels allow the correct diagno-
sis of LEMS [46, 47]. 

Kearns-Sayre syndrome is a rather rare mito-
chondriopathy with mainly bulbar myopathy
(manifesting as CPEO), often proximal limb weak-
ness, retinitis pigmentosa, and cardiac abnormali-
ties like conduction blocks. Since the different mi-
tochondriopathies often clinically overlap, visceral
and stroke-like signs or symptoms, dementia,
ataxia, seizures, and lactic acidosis may occur. Pro-
tein in the CSF is increased in many of the patients.
The syndrome first manifests itself within early
childhood and age 20, and has a very serious prog-
nosis; however, some cases start in adult life only
and then take a milder course; they can present also
with severe dysphagia. These cases were some-
times very difficult to differentiate from OPMD
before genetic testing had become available. Mus-
cle biopsies show the typical red-ragged or, at least,
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red-rimmed fibres in KSS whereas the histopatho-
logical hallmark of OPMD consists of rimmed nu-
clear vacuoles and tubulofilamentous inclusions.
However (and even more confusing), mitochon-
drial abnormalities were reported by Wong and
colleagues [48]. While OPMD is genetically a well
defined autosomal dominantly inherited disease,
KSS is almost always sporadic and results from
large duplications and deletions of mitochondrial
DNA; on the other hand, various point mutations
in the mitochondrial genome were sometimes as-
sociated with KSS. The syndrome is only rarely in-
herited in an autosomal dominant way. Linkage
analysis indicated predisposition loci on chromo-
somes 4q34–35, 10q24, and 15q25 but the genetic
basis of the disease remains to be elucidated
[49–51].

Other differential diagnoses include myo-
tonic muscular dystrophy (Curschmann-Steinert;
MD1) [52] and the proximal myotonic myopathy
(PROMM; DM2) [53, 54], the oculopharyngodis-
tal myopathy variant [55–58], a very rare late-onset
variant of limb-girdle muscular dystrophy with au-
tosomal recessive inheritance [59], sporadic inclu-
sion body myositis [60], desmin myopathy [61–64],
different types of myofibrillary myopathies
[65–67], late-onset distal myopathies sometimes

spreading to more proximal and bulbar muscles
[68, 69], and eventually spinal muscular atrophy
[70, 71] and X-linked spinobulbar muscular atro-
phy (Kennedy’s disease) [72]. More detailed infor-
mation on these disorders is presented in table 2.
There may be more disorders to be evaluated in
the differential diagnosis of OPMD, like poly-
myositis or the bulbar form of amyotrophic lateral
sclerosis [60, 73, 74]. However, ptosis is almost
always absent in these diseases. 

The group of mainly inherited disorders of lid
cleft abnormalities (ie, blepharophimosis, late-
onset isolated familial ptosis and extraocular mus-
cle fibrosis) lack dysphagia and proximal weakness,
often start to become manifest at very young age,
and are frequently associated with other dysmor-
phous traits. 

One of the clinically most valuable observa-
tions in patients with OPMD was recently re-
ported by van der Sluijs and colleagues: they noted
that more than 40% of their patients complained
from limb-girdle weakness as the first symptom of
OPMD; thus, OPMD should be included into the
differential diagnosis of some forms of the limb-
girdle dystrophies, especially at the begin of symp-
toms [13]. 

Therapeutic options

Despite significant progress in the under-
standing of the pathomechanism and genetic back-
ground of OPMD, causative treatment is still lack-
ing and there are no reports on drugs effective in
OPMD. Thus, the mainstay of therapy consists in
symptomatic interventions in order to reduce the
impact of muscular weakness leading to ptosis and
dysphagia with subsequent malnutrition. While
there are almost no established medications to al-
leviate symptoms, corrective (plastic) surgery in-
terventions on the upper eyelid (blepharoplasty)
and on the upper oesophageal sphincter (cricopha-
ryngeal myotomy) have been reported to be effec-
tive. Surgical correction of ptosis is indicated when
the patient starts to suffer from neck pain second-
ary to the maximal reclination posture for the com-
pensation of the impaired visual field or when he
is esthetically challenged. Two different surgical
techniques sometimes dependent on the levator
palpebrae function (more/less (4)/8 mm) are cur-
rently used [75]: the resection of the levator palpe-
brae aponeurosis is easily performed in local anaes-
thesia, but often has to be repeated once or twice
because of relapsing ptosis [76]. The fixation of the
tarsus at the frontal muscle results in more durable,
almost permanent effect, but requires general
anaesthesia [75, 76]. 

Corrective or compensatory interventions of
dysphagia are prompted when the patients lose
weight, nearly choke or repeatedly suffer from
pneumonia. Although there are no prospective

studies available and most data were extrapolated
analogously to dysphagia in stroke patients, opti-
misation of the swallowing process (choice of food
consistency, positioning of the head, stimulation 
of pharyngeal sensibility, and strengthening of oro-
pharyngeal muscles) by logopeadic training al-
ways should be the first therapeutic step which may
result in a subjectively significant improvement for
the patient [77]. A high-protein diet was recom-
mended for preventing weight loss and starvation
[7, 10]. A Cochrane review about the treatment 
of swallowing difficulties in non-inflammatory
chronic muscle diseases identified no randomised
controlled trials. The challenges encountered and
the tools needed for a correct evaluation of out-
come and benefit of various treatments of dys-
phagia are analysed in this comprehensive review.
Percutaneous gastrostomy might be the most
adequate feeding strategy in advanced cases. Addi-
tionally, observational studies suggest that people
with moderate or severe dysphagia secondary to
OPMD could benefit from either cricopharyngeal
myotomy or upper oesophageal dilatation [78].
The most favourable results were seen in patients
without weight loss and preserved pharyngeal
propulsion; contrarily, the intervention should be
avoided when aperistalsis is present. About
75–80% of patients benefited from cricopharyn-
geal myotomy in three series of nearly 300 patients
[79–81]. However, these reports have to be read
with caution because apart from publication bias
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they are from single institutions, the information
whether and how long the patients were followed
by a neurologist were not clearly specified, and this
procedure did not change the final course of the
disease. Neurologists caring for patients with neu-
romuscular disorders may be reluctant to inter-
ventions that irreversibly abolish function in a con-
tinuously deteriorating neuromuscular disease.
Another non-surgical intervention may be tested

experimentally: the dilatation of the upper oeso-
phageal sphincter by a Maloney bougie or an 
achalasia dilator was performed in 14 patients. The
procedure yielded a substantial improvement in
nine patients (64%) after three months of follow-
up and this effect persisted in three patients (21%)
for more than 18 months. The intervention
showed good feasibility and safety, but further well
conducted studies are needed [82].

Therapeutic perspectives

High-dose creatine-monohydrate (initial
phase with 5–10 g daily, then tapering to lower
maintenance dosage) showed inconsistent effects
ranging from no to moderate effect dependent on
the type of muscular dystrophy [83–88]. However,
creatine monohydrate has not been evaluated yet
in patients with OPMD. Steroids may be another
therapeutic option since they proved effective in
Duchenne muscular dystrophy [89]. As a future
perspective from the bench-side, Davies and col-
leagues elegantly showed in a transgenic mouse
model of OPMD that the well known drug doxy-
cycline substantially delayed and attenuated the
formation of the typical intranuclear protein ag-
gregates in muscle fibres as a result of its anti-ag-

gregative and antiapoptotic properties [90]. Tetra-
cyclines are an attractive therapeutic option in
OPMD since their long-term use seems to be safe
as shown for example in patients with acne. Addi-
tionally and unlike in other neurological disorders
(ie, Huntingtons disease, multiple sclerosis,
parkinsonism, etc.) where it has been experimen-
tally tested [91], the drug does not have to cross the
blood-brain barrier and should easily penetrate the
muscle tissue. Given the availability of genetic test-
ing for OPMD in asymptomatic patients, a “pre-
ventive” trial evaluating tetracyclines (doxycycline
or minocycline) for the delay and attenuation of
symptomatic OPMD is an attractive and clinically
important goal. 

Conclusions

Oculopharyngeal muscular dystrophy is an au-
tosomal dominant inherited slowly progressive,
late-onset, degenerative muscular disorder with
currently no causative and only modest sympto-
matic treatment options. 

The disorder is one of the few triplet repeat
diseases / polyalanine expansion diseases for which
the function of the mutated gene is comparatively
well established. As the number of diseases found
to be linked to polyalanine expansions steadily in-
creases and there seems to be a pathological over-
lap with CAG triplet/polyglutamine disorders,
further studies of OPMD could potentially lead to
a better understanding of a much larger group of
developmental and degenerative diseases. Gain of
further insight into the molecular and pathophys-
iologic disease mechanisms will inevitably result in
re-classification of many neuromuscular disorders
in the not too distant future. 

Clinically, the art of medicine in the future will
involve bridging the gap between the overwhelm-
ing wealth of new information from basic research
and the urgent needs of the patients. With regard
to OPMD, strategies to block the accumulation of
the detrimental INIs at a very early stage may
prove essential. Specifically designed new drugs

targeting altered molecular pathways as well as al-
ready available drugs, such as tetracyclines, repre-
sent promising therapeutic avenues to be assessed
in prospective clinical trials. 
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