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Abstract
Purpose—Miller Fisher syndrome (MFS) is a rare immune-mediated neuropathy that commonly
presents with diplopia following the acute onset of complete bilateral external ophthalmoplegia.
Ophthalmoplegia is often accompanied by other neurological deficits such as ataxia and areflexia
that characterize MFS. Although MFS is a clinical diagnosis, serological confirmation is possible
by identifying the anti-GQ1b antibody found in a majority of affected patients. We report a patient
with MFS who presented with clinical signs suggestive of ocular myasthenia gravis, but in whom
the correct diagnosis was made on the basis of serological testing for the anti-GQ1b antibody.

Case Report—An 81-year-old white man presented with an acute onset of diplopia following a
mild gastrointestinal illness. Clinical examination revealed complete bilateral external
ophthalmoplegia and left-sided ptosis. He developed more marked bilateral ptosis, left greater than
right, with prolonged attempted upgaze. He was also noted to have a Cogan’s lid twitch. Same day
evaluation by a neuro-ophthalmologist revealed mild left-sided facial and bilateral orbicularis
oculi weakness. He had no limb ataxia, but exhibited a slightly wide-based gait with difficulty
walking heel-to-toe. A provisional diagnosis of ocular myasthenia gravis was made and
anticholinesterase inhibitor therapy was initiated. However, his symptoms did not improve and
serological testing was positive for the anti-GQ1b IgG antibody, supporting a diagnosis of MFS.

Conclusions—Although the predominant ophthalmic feature of MFS is complete bilateral
external ophthalmoplegia, it should be recognized that MFS has variable associations with lid and
pupillary dysfunction. Such confounding neuro-ophthalmic features require a thorough history,
neurological examination, neuroimaging, and serological testing for the anti-GQ1b antibody to
arrive at a diagnosis of MFS.
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Miller Fisher syndrome (MFS), a variant of Guillain-Barré syndrome (GBS), is a rare
immune-mediated neuropathy that typically manifests with the triad of acute
ophthalmoplegia, ataxia, and areflexia.1 MFS arises from an antecedent infectious event that
initiates the process of molecular mimicry, whereby a humoral immunological attack occurs
against both the infectious agent and similar host GQ1b gangliosides found on peripheral
and cranial nerves. Serological confirmation of MFS is possible during the acute phase of
the disease by identifying the anti-GQ1b IgG antibody found in over 90% of affected
patients.2 Because other neurological conditions can present with similar clinical findings,
the anti-GQ1b antibody is useful for confirming MFS. We report a patient with MFS who
presented with clinical signs suggestive of ocular myasthenia gravis, but in whom the
correct diagnosis was made on the basis of serological testing for the anti-GQ1b antibody.
Patients with MFS whose clinical features mimic ocular myasthenia gravis have rarely been
reported3 and we aim to further characterize this unique presentation of MFS in a singular
case.

CASE REPORT
Ophthalmic Evaluation

An 81-year-old white man presented to the clinic wearing a right eye patch following the
acute onset of constant binocular diagonal diplopia, first noticed while gardening three
weeks prior to examination. In addition, the patient had noted fluctuating ptosis that was
worse on the left. The patient reported poor balance, but attributed this to his lack of
stereopsis from the eye patch. He denied difficulty with speech, chewing, or swallowing,
and sensory symptoms (numbness or paresthesias). He reported shortness of breath that pre-
dated the onset of the diplopia and ptosis by months and was unchanged recently.
Additionally, he recalled having a gastrointestinal illness of three days duration, one week
prior to the onset of diplopia, but denied any other recent illness or vaccinations.

The patient’s ocular history was significant for dry macular degeneration. He denied
previous episodes of diplopia or ptosis. His medical history was significant for coronary
artery disease, hypothyroidism, dyslipidemia, hypertension, renal artery stenosis, pleural
effusion, and a history of rheumatic fever when he was 20 years old. His medications
included aspirin, hydralazine, atenolol, levothyroxine, albuterol, and tiotropium.

On ophthalmic examination, visual acuity with spectacle correction was 20/60 in the right
eye and 20/50 in the left eye, without improvement using a pinhole. Manifest refraction was
performed and the refractive error was measured to be +2.00 −0.75 × 090 in the right eye
and +2.00 −1.50 × 090 in the left eye, without improvement of visual acuity in either eye.
The pupils were equal and round, with a brisk reaction to light and no relative afferent
pupillary defect. Evaluation of ductions revealed complete bilateral external
ophthalmoplegia that could not be overcome with the vestibulo-ocular reflex. There was a
primary position exotropia on Hirschberg testing. External examination revealed left-sided
ptosis. He developed more marked bilateral ptosis, left greater than right, with prolonged
attempted upgaze (see Figure 1). He was also noted to have a Cogan’s lid twitch bilaterally;
Cogan’s lid twitch sign is characterized by transient upper eyelid overshooting during gaze
refixations from down to straight ahead and is thought to be specific for ocular myasthenia
gravis.4 He exhibited normal blinking and there was no lagophthalmos. Both eyes appeared
mildly proptotic, but exophthalmometry was within normal limits. Intraocular pressures
were 18mmHg in each eye. The dilated fundus examination findings were only significant
for bilateral macular drusen, which accounted for his reduced visual acuity.

Same day evaluation by a neuro-ophthalmologist revealed mild left-sided facial and bilateral
orbicularis oculi weakness. Upper limb reflexes were barely present, but his lower limb
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reflexes were easily elicited. He had no limb ataxia, but exhibited a slightly wide-based gait
with difficulty walking heel-to-toe. A provisional diagnosis of ocular myasthenia gravis was
made based on the clinical findings. Although he complained of chronic shortness of breath,
bulbar involvement was not suspected as the respiratory symptoms were unchanged since
the onset of diplopia. Acetylcholine receptor antibodies were not detected; note that
approximately 50% of patients with ocular myasthenia gravis will be seronegative.5

However, an ice pack test showed a mild short-lived improvement in his left-sided ptosis,
which was felt to support the provisional diagnosis. Thyroid eye disease was considered
based on the mild proptosis, but magnetic resonance imaging (MRI) of the orbits did not
show enlargement of the extraocular muscle bellies. Additionally, a central nervous system
lesion was not detected on MRI. Accordingly, the patient was started on oral pyridostigmine
30mg t.i.d. and instructed to follow up with the neuro-ophthalmologist in one month. At the
one month follow-up examination, he reported little improvement with pyridostigmine,
which prompted serological testing for the anti-GQ1b IgG antibody. Two weeks later, he
started to show spontaneous improvement and at about this time, serological test results
were reported to be positive for the anti-GQ1b antibody, supporting a diagnosis of MFS.
MRI with contrast did not demonstrate cranial nerve enhancement, which may be present in
MFS.6 He was managed conservatively, without further medical intervention or
investigations, and there was a gradual spontaneous improvement in his ductions over
several months. However, there was a residual right eye abduction deficit with 6 prism
diopters of esotropia for which prism glasses were successfully prescribed.

DISCUSSION
Miller Fisher syndrome is typically characterized by a triad of neurological signs:
ophthalmoplegia, ataxia, and areflexia. MFS is considered a variant of GBS, accounting for
5 to 10% of GBS cases7, but unlike GBS it often presents with symptoms of diplopia.8,9 The
annual incidence of GBS is 1–2 cases/100,000 population, whereas MFS has a much lower
annual incidence of 0.09 cases/100,000 population.10 The incidence of MFS varies with
geographic location, being much more common in Japan than in the United States.6,8 MFS
is more common in men and affects people of all ages, with the median age of onset being in
the 5th decade.8

The onset of MFS is likely triggered by an antecedent illness that sets the stage for
molecular mimicry between the GQ1b ganglioside on cranial and peripheral nerves, and
molecularly similar lipo-oligosaccharides on the surface of the infectious agent.11 The
majority of patients report having an antecedent upper respiratory tract or gastrointestinal
illness.9 Other evidence of an antecedent infection as the impetus for an immune response
against host nerve gangliosides includes serological isolation of infectious agents during the
acute phase of the disease, such as Campylobacter jejuni, Haemophilus influenzae,
Mycoplasma pneumoniae, and cytomegalovirus.12

The clinical course of MFS is self-limiting and is similar to an acute phase primary immune
response, in which a humoral response is initiated with subsequent nadir and then
spontaneous recovery.1 The median time from the infection onset to development of
neurological symptoms is approximately 10 days.9

Once molecular mimicry is established, an inflammatory autoimmune response occurs and
disrupts both peripheral and cranial nerve function, leading to the characteristic neurological
findings. Among the clinical variants of the GBS disease spectrum, each has a predilection
for autoantibody formation against different glycolipids within the ganglioside family, such
as GQ1b, GM1, GM2, GD1a, and GD1b.13,14 The GQ1b ganglioside complex has been
identified as the glycolipid that is most often involved in cases of MFS. In fact, serological
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testing for the anti-GQ1b antibody is positive in over 90% of patients with MFS and is not
present in normal subjects.2,15 Occasional patients with MFS will have autoantibodies to
other ganglioside antigens (e.g., GM1, GM2, GD1a, or GD1b) and, thus, a ganglioside
antibody panel could be obtained to screen for these when the clinical suspicion for MFS is
high and GQ1b autoantibodies are not detected. GQ1b autoantibodies may also be present in
GBS patients with ophthalmoplegia, further supporting a link between MFS and GBS.14

Although the GQ1b ganglioside is found on both peripheral and cranial nerves, it is most
concentrated on cranial nerves III, IV, and VI, accounting for the high incidence of
ophthalmoplegia.2,8 Ataxia, characterized by unsteady gait with inability to walk heel-to-toe,
is thought to originate from cerebellar involvement, although this is not proven.6,8 Ataxia is
often a presenting symptom of MFS.8 Areflexia or hyporeflexia, seen as a loss of deep
tendon reflexes, is thought to manifest from peripheral nerve dysfunction of the lower motor
neurons.8,15 While areflexia is a consistent feature of GBS, it is not always present in
patients with MFS.8 In general, areflexia does not affect the patient’s activities of daily
living.16

The anti-GQ1b antibody is not unique to MFS and can be present in other conditions that
make up the anti-GQ1b antibody syndrome. The neuroimmunologic diseases that comprise
the anti-GQ1b antibody syndrome include MFS, GBS with ophthalmoplegia, Bickerstaff’s
brainstem encephalitis, and acute ophthalmoparesis without ataxia.14 The common feature
of the anti-GQ1b antibody syndrome is a humoral response against the GQ1b ganglioside
that leads to dysfunction of cranial nerves, explaining why ophthalmoplegia is a
manifestation of all conditions in the anti-GQ1b antibody syndrome. There is, however,
variable involvement of the peripheral and central nervous systems that accounts for the
distinguishing phenotypic features of these conditions.6 Patients with GBS can develop
ophthalmoplegia, but it does not usually occur until after they have developed extremity and
respiratory paralysis. Bickerstaff’s brainstem encephalitis has the same clinical features as
MFS (ophthalmoplegia and ataxia), as well as impaired consciousness (e.g., coma) and
pyramidal tract dysfunction (e.g., hyperreflexia or pathological reflexes).7,14 Acute
ophthalmoparesis without ataxia is characterized by a rapid onset of ophthalmoplegia (most
often bilateral) without ataxia or areflexia, but a positive anti-GQ1b antibody.17

The most common presenting symptom of MFS is diplopia, which arises due to the acute
onset of external ophthalmoplegia.8,9 The external ophthalmoplegia can be unilateral or
bilateral and complete or incomplete. The ocular motor deficit can be consistent with
isolated or combined involvement of cranial nerves III, IV, and VI.8,18 However, the most
common finding is complete bilateral external ophthalmoplegia.6,8 Supranuclear ocular
motor disorders can occasionally be seen in MFS, and include internuclear ophthalmoplegia
and vertical gaze palsy.9,18 Patients may also exhibit pupillary abnormalities (internal
ophthalmoplegia) and abnormal lid function. Pupillary abnormalities can include mydriasis,
anisocoria, and a sluggish direct response to light.8 Ptosis, if present, is often partial and can
be unilateral or bilateral.9 Other lid abnormalities reported include lid retraction, upper lid
jerks, and lid nystagmus.19 Facial nerve involvement, which occurs in approximately 30%
of patients, may result in orbicularis oculi weakness and, consequently, lagophthalmos.20

Although the afferent visual pathways are not involved in MFS6, patients with
lagophthalmos can develop decreased vision due to exposure keratopathy and, thus, should
be prescribed prophylactic ocular lubrication.

Differential Diagnosis
Although complete bilateral external ophthalmoplegia is a rare cause of diplopia, there are
multiple pathologic entities that can produce this finding. The rapid onset of
ophthalmoplegia can help to distinguish MFS from conditions that progress chronically,
such as mitochondrial myopathies, oculopharyngeal dystrophy, myotonic dystrophy, thyroid
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eye disease, and some cases of ocular myasthenia gravis. In a review of 31 patients with the
acute onset of complete bilateral external ophthalmoplegia, MFS was found to be the
underlying etiology in the majority of cases.21 Less common causes include GBS, midbrain
infarction, Wernicke’s encephalopathy, and ocular myasthenia gravis. The differential
diagnosis of Miller Fisher syndrome includes other polyneuropathies, brainstem lesions,
neuromuscular junction disorders, and cavernous sinus or orbital lesions (see Table 1).21

Ocular myasthenia gravis, an autoimmune disease that disrupts extraocular muscle function
through antigenic blocking of acetylcholine receptors at the neuromuscular junction, is
capable of producing a wide range of neuro-ophthalmic deficits.22 MFS and ocular
myasthenia gravis are capable of producing similar neurological signs and symptoms that
may confound the preliminary diagnosis. Both may present acutely with symptoms of
diplopia. Additionally, both conditions can produce external ophthalmoplegia, variable and
asymmetric ptosis, a Cogan’s lid twitch, orbicularis oculi weakness, and bulbar weakness.
The diplopia and ptosis often become worse as the day goes on in patients with ocular
myasthenia gravis, whereas they usually do not worsen in patients with MFS, because the
ophthalmoplegia is typically bilateral and complete. Clinical findings suggesting ocular
myasthenia gravis may result from abnormal neuromuscular transmission in patients with
MFS. Evidence for involvement of the neuromuscular junction in MFS is based on the
presence of structural changes at the neuromuscular junction and electrophysiologic changes
consistent with abnormal neuromuscular transmission.23–26 Indeed, recent studies have
demonstrated that the GQ1b antibody binds close to the neuromuscular junction in human
extraocular muscles.27 Experimental models suggest that injury to the neuromuscular
junction occurs through activation of complement, which results in the formation and
deposition of membrane attack complexes (C5b-9) in presynaptic motor nerve
terminals.23,28

Clinical signs suggestive of ocular myasthenia gravis in our patient included external
ophthalmoplegia, variable ptosis, orbicularis oculi weakness, and a Cogan’s lid twitch.
Although our patient had normal pupil responses, the presence of pupil abnormalities can
further differentiate these conditions, as ocular myasthenia gravis does not cause pupil
abnormalities.3 The diagnosis of MFS in our patient was best supported by the presence of
the anti-GQ1b antibody in his serum and by the course of spontaneous improvement without
treatment.

Any presentation with acute-onset of complete external ophthalmoplegia should prompt a
careful neuro-ophthalmic evaluation by the eye care provider. However, such patients
always require an urgent neurologic consultation, to evaluate for other neurological
symptoms and signs. Dependent upon the neurological findings, further investigations may
include brain MRI, lumbar puncture, nerve conduction studies, and serological testing for
acetylcholine receptor and GQ1b antibodies.

Prognosis and Treatment
The clinical course of MFS is self-limiting and neurological deficits resolve in weeks to
months, starting as early as 2 weeks following the onset of symptoms.8,16 After 1 year,
recovery from ophthalmoplegia and ataxia is usually complete, with only a small percentage
having residual neurological deficits.16 MFS is usually a monophasic illness, but can rarely
be recurrent.8 Although treatment with intravenous immunogloblulin and plasmapheresis
has been proposed, no clinical trials have been performed to confirm a beneficial effect.7

Inhibition of complement activation, using the monoclonal antibody eculizumab, has
recently been shown to minimize neuromuscular junction disruption from anti-GQ1b
antibodies in a murine model, but is yet to be evaluated in patients with MFS.28
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CONCLUSIONS
MFS can rarely present with signs suggestive of ocular myasthenia gravis. In such cases, the
presence of the anti-GQ1b antibody can help to establish the correct diagnosis.
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Figure 1.
The patient developed marked bilateral ptosis, left greater than right, following prolonged
attempted upgaze.
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