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Clinical Reasoning:
A 58-year-old man with progressive ptosis
and walking difficulty

SECTION 1

A 58-year-old man developed progressive walking dif-
ficulty over 10 years. He had normal development and
an unremarkable birth history. At age 30, he developed
bilateral drooping eyelids with double vision. At age
48, he developed progressive gait unsteadiness, slurred
speech, and swallowing difficulty. At age 55, he needed
to walk with a cane. He did not have seizures, hearing
loss, or memory impairment. He did not have any his-
tory of alcohol abuse or exposures to anticonvulsants.
His mother has congenital cardiac disease and diabetes
mellitus, and his sister has had epilepsy since child-
hood. His daughter is healthy.

On examination, the patient had left exotropia
and bilateral ptosis without fatigability. His pupillary
reflex to light was normal. He had partial horizontal
gaze palsy and lack of upward gaze, which was not

overcome by vestibulo-ocular reflex. His saccadic
eye movements were slow without nystagmus or
square wave jerks. He had scanning speech. He had
normal muscle power but decreased vibratory sensa-
tion and proprioception in his legs, and his deep ten-
don reflexes were absent. He had mild bradykinesia
and arm rigidity without rest tremor. He had mild
dysmetria in bilateral finger-nose-finger, finger chase,
and heel-shin slide examinations and he had impaired
rapid alternating movements. He had wide-base
gait with variable stride length but good heel strike,
and he could not perform tandem gait (video at
Neurology.org).

Questions for consideration:

1. What is the phenomenology?
2. What are the differential diagnoses?
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SECTION 2

This patient had parkinsonism, including bradykine-
sia and rigidity. Dysmetria, dysdiadochokinesia, vari-
able stride length, and impaired tandem gait
suggested cerebellar ataxia.

Multiple system atrophy (MSA) should be con-
sidered in a patient older than 50 years with
parkinsonism and ataxia; however, we did not
detect any autonomic dysfunction or pyramidal
sign. Although ophthalmoplegia could be suggestive
of progressive supranuclear palsy (PSP), the pa-
tient’s impaired vertical gaze is not of supranuclear
type, because his gaze palsy could not be overcome
by the vestibulo-ocular reflex.1 Besides, his ptosis,
horizontal gaze palsy, and sensory neuropathy were
not consistent with MSA or PSP. Although rare in
patients older than 50 years, spinocerebellar ataxias
(SCAs) should still be in the differential diagnoses.
SCAs may cause parkinsonism, ataxia, and sensory
neuropathy, especially in SCA2 and SCA3. SCA2 is
characterized by absent reflexes and slow saccades,
whereas patients with SCA3 could have proptosis

and ophthalmoplegia. However, ptosis is not a com-
mon sign in SCAs.

Reversible causes of cerebellar ataxia should also
be excluded. Immune-mediated cerebellar ataxia
associated with anti–glutamic acid decarboxylase,
anti-gliadin, anti-thyroglobulin, or paraneoplastic
antibodies should be examined. Vitamin E, vitamin
B1, or vitamin B12 deficiency should be on the list of
differential diagnoses, for patients with Wernicke
encephalopathy (WE) may also present with ataxia
and ophthalmoplegia.

The patient’s chronic progressive ptosis and oph-
thalmoplegia, which are characteristic for progressive
external ophthalmoplegia (PEO), raised the possibil-
ity of mitochondrial disorder. PEO is a common fea-
ture in mitochondrial disorders, and patients with
PEO rarely complain of diplopia because of its slowly
progressive nature, such as in our case.

Questions for consideration:

1. What tests should we order?
2. What is the next step?
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SECTION 3

All immunologic markers, including paraneoplas-
tic antibodies, were normal in this patient. Vita-
min E and vitamin B12 levels were also normal.
His brain MRI was unremarkable, and it did not
show typical signs of WE, such as T2 hyperinten-
sity lesions over mammillary bodies, dorsomedial
thalami, tectal plate, or periaqueductal area.2 His
dopamine transporters scan revealed decreased
uptake in bilateral striatum and his bradykinesia
and rigidity responded to levodopa, suggesting
levodopa-responsive parkinsonism.

The patient’s creatine phosphokinase levels
were high (526 U/L) with a normal venous lactate
level. His nerve conduction study showed axonal
polyneuropathy with absent sensory nerve action
potentials in all limbs.

Muscle biopsy at the patient’s right biceps
showed mitochondrial cytopathy with increased
succinate dehydrogenase (SDH) staining. Approx-
imately 30% of muscle fibers showed various
degrees of cytochrome c oxidase (COX) deficiency
by an SDH-COX double stain (figure).

Questions for consideration:

1. How do you interpret the muscle pathology
findings?

2. What would you do next to differentiate among
mitochondrial diseases?

GO TO SECTION 4

Figure Histochemical analyses of the muscle biopsy

(A) Succinate dehydrogenase (SDH) stain (1003) shows muscle fibers with increased staining,
indicating mitochondrial proliferation (arrows). (B) Combined SDH (blue) and cytochrome c oxidase
(COX) (brown) stain (1003) show COX-negative fibers with strong SDH stain, demonstrating mus-
cle fibers with respiratory chain defects with corresponding mitochondrial proliferation (arrows).
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SECTION 4

SDH staining is a sensitive and specific marker for
mitochondrial distributions in muscle fibers, and
increased SDH staining in the patient’s muscle fiber
indicates mitochondrial proliferation, which may be
a compensatory response to mitochondrial dysfunc-
tion. Another traditional way to assess mitochondrial
proliferation is Gomori trichrome stain, which shows
classic ragged-red fibers. COX is complex IV of the
respiratory chain, and COX deficiency reflects respi-
ratory chain dysfunction. The combined COX-SDH
stain showed increased COX-negative fibers with
strong SDH stain, indicating impaired respiratory
chain with compensatory mitochondrial prolifera-
tion, and it is a typical finding in disorders of mito-
chondrial DNA (mtDNA) deletions.

Further analyses of muscle tissues showed
decreased activities of mitochondrial respiratory
chain enzyme complex I, I 1 III, II 1 III, and IV.
Multiple defects in the complexes imply a wide-
ranged dysfunction of the respiratory chain, as each
complex is composed of subunits encoded by both
mtDNA and nuclear DNA (nDNA), except for
complex II, which only constitutes proteins encoded
by nDNA.

The extensive defects in the respiratory chain
complex might result from single large deletion of
mtDNA, t-RNA mutation in the mtDNA, or
nDNA defect leading to secondary mtDNA abnor-
mality. We performed Southern blot analysis to
investigate mtDNA integrity, which revealed multi-
ple mtDNA deletions. Using quantitative PCR with
probes for both mtDNA and nDNA, we discovered
that the amount of mtDNA was partially depleted
(37%). Marked mtDNA depletion usually occurs
in severe early-onset disease, while multiple
mtDNA deletions without depletion often result
in late-onset diseases or milder neurologic symp-
toms. The latter is usually caused by the defects of
machinery to maintain mtDNA, including poly-
merase g mutation.3 Polymerase g is a nuclear-
encoded mitochondrial protein that is responsible
for mtDNA replication, and POLG mutation can
lead to partial mtDNA depletion and cause a clinical
syndrome of sensory ataxic neuropathy, dysarthria,
and ophthalmoparesis (SANDO). Therefore, we
performed targeted sequencing of POLG gene and
identified a heterozygous missense mutation
2864A.G (Y955C), which is known to cause
PEO and ataxia.

DISCUSSION Our patient has cerebellar ataxia,
levodopa-responsive parkinsonism, sensory neu-
ropathy, and PEO, associated with POLG muta-
tion. Human mtDNA is replicated by DNA
polymerase g, which is critical for mtDNA

integrity, and the catalytic subunit with high fi-
delity is encoded by POLG.3 A number of muta-
tions have been identified across the entire POLG
gene, and missense mutations, such as in our case,
account for more than 90% of POLG-related neu-
rologic disorders. Mutations in POLG compromise
function of DNA polymerase g and it results in
secondary mtDNA defects, including depletion,
deletions, and base pair substitution.3 Secondary
mtDNA mutation gives rise to defective oxidative
phosphorylation and ATP production in mito-
chondrial respiratory chain.4 With longer disease
duration, mtDNA deletions and mutations accu-
mulate, and eventually lead to neuronal death in
selectively vulnerable regions in mitochondrial
dysfunction such as basal ganglia and cerebellum.5

In POLG, Y955 specifically plays a critical role in
catalysis and fidelity of DNA synthesis,6 and it is
highly conserved in different species.4,6

POLGmutations can lead to wide-variable clinical
presentations. The age at disease onset varied from 3
months to 66 years.7 The most severe form of POLG
mutations is Alpers syndrome, with clinical features
of early-onset psychomotor regression, intractable
epilepsy, and liver failure. SANDO syndrome is
another common presentation with sensory ataxic
neuropathy, dysarthria, and ophthalmoparesis.
POLG mutation is also known to be associated with
myopathy and dementia, cardiac arrhythmia, cardio-
myopathy, diabetes, and ovarian failure.3 PEO is the
most common sign in patients with Y955C, although
levodopa-responsive parkinsonism has also been re-
ported, as in our case.8

Multifocal T2 hyperintensities and brain atrophy
in head MRI can be found in some but not all pa-
tients with POLG mutation.3 Likewise, lactatemia is
a supportive but not a diagnostic feature in patients
with POLG mutation.9 Muscle histochemical studies
might be normal findings, or show ragged-red fibers
or isolated scattered COX-deficient fibers, depending
upon the state of respiratory chain function. Respira-
tory chain enzyme assay might also reveal decreased
activity in single or multiple complexes, or even nor-
mal activity. Therefore, the lack of laboratory or his-
tologic mitochondrial dysfunction evidence does not
exclude POLG-related disorders.3

There are many phenotypic variants among
POLG-related disorders, even with the same muta-
tion and within the same family. The recognition of
the wide-ranged clinical spectrum of POLG muta-
tions is important for proper diagnosis. Currently,
there is no effective treatment for POLG-related dis-
orders.3 Novel treatments for diseases of mtDNA de-
letions, such as thymidine kinase mutations, have
been developed,10 shedding light on mechanism-
based therapy for mitochondrial disorders.
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