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Introduction
Pure ocular myasthenia gravis (POMG), isolated over time, is a rare 
disease entity. On the other hand, the initial symptomology involv-
ing ptosis and double vision is the most common first clinical sign 
of myasthenia. This affects both the extraocular muscles (EOM), 
which are responsible for the formation of double vision and the 
levator muscles (LM), whose weakness leads to ptosis. Consequent-
ly more than 50 % of POMG patients develop generalized myasthe-
nia. For this reason, it is still debated today whether the POMG is an 
independent entity of myasthenia or whether it is only a milder 
clinical subgroup of generalized MG. Identification of antibodies is 
not always an aid in determining this. A portion ( < 50 %) of POMG 
patients has antibodies against acetylcholine as well as more rare 
antibodies against muscle-specific kinase (MuSK). Among the re-
maining patients, typical immunoassays reveal no specific antibod-
ies, i. e., more than 50 % of POMG patients are seronegative. How-
ever, this only means that the disease-causing antibodies are un-
detectable with currently available assays [1–3]. Cell-based test 
procedures are required in this case, but they have not yet reached 
market maturity [4, 5].

A difficulty of exact classification is also the effect of a consist-
ent initial treatment of primarily ocular symptoms, which may in-

hibit the generalization of myasthenia gravis. Thus the composi-
tion of the group of POMG patients is heterogeneous, made up of 
patients with purely ocular myasthenia as well as those who would 
have developed generalized myasthenia if they had not been treat-
ed with immunosuppresive therapy [6].

Case History and Clinical Symptoms of 
POMG

In addition to ptosis, which is related to stress and which increases 
during the course of the day, POMG symptoms include double vision 
which varies in manifestation and intensity. Patients usually experi-
ence ptosis and double vision very early, but these symptoms do not 
always lead to immediate diagnostic clarification, as the patient's 
symptoms spontaneously recur due to fluctuation. In addition, since 
there is no pain, the symptoms are thus ascribed to non-specific rea-
sons such as tiredness or general exhaustion. Ptosis can be unilater-
al or bilateral, symmetrical or asymmetrical, and, like double vision, 
can increase in bright sunlight, heat, or strenuous work, and can be 
relieved by wearing sunglasses or shutting the eyes temporarily. Heat 
increases the symptoms, whereas cold leads to improvement [7].
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ABStr Act

Pure ocular myasthenia was always described as a separate 
entity in historical publications. More than 50 % of patients 
develop generalized symptoms in the course of the disease. 
Therefore pure ocular symptoms can be the beginning of gen-
eralized myasthenia, nevertheless there is a small group of 
patients who suffer lifelong purely ocular symptoms. The basis, 
therefore, seems to be special immunological, biochemical and 
pathophysiological mechanisms leading to specific local chang-
es of the neuromuscular junction. The diagnostic procedure is 
hampered as antibodies against acethylcholine receptors and 
MuSK can be demonstrated in less than 50 % of these patients. 
Therapy of pure ocular myasthenia does not differ fundamen-
tally from other subgroups of myasthenia gravis and is imple-
mented with cholinesterase inhibitors, steroids and common 
immunosuppressants. Thymomectomy is not recommended 
in general, but randomized controlled studies are lacking.
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Eye movement disorders usually occur in combination with pto-
sis but may also be a separate symptom. There is, therefore, no typ-
ical pattern of ocular muscle involvement. However involvement 
of the medial rectus muscle with variable strabismus has been de-
scribed. More rare are occurrences of isolated palsy of the inferior 
rectus or superior oblique muscles. Oculomotor nerve palsy can be 
imitated by the involvement of several eye muscles. In severely af-
fected patients, complete external ophthalmoplegia may be ap-
parent, which clinically cannot be distinguished from mitochondri-
al myopathies [8].

As the symptoms generally increase in intensity and duration 
over time, they ultimately require a medical examination, result-
ing in a Odyssey starting with the personal physician, cMRI and oph-
thalmologist and finally examination by a specialist. The duration 
from onset of the initial symptoms to a final diagnosis varies great-
ly, ranging from less than one day to many weeks/months, in some 
cases even years. A careful case history should always be obtained 
prior to a physical examination, since ptosis is actually a symptom 
commonly associated with other clinical syndromes, but is over-
looked or misinterpreted and miscategorized by a non-neuromus-
cular ophthalmologist or neurologist.

The history should always determine whether the ptosis is con-
genital or acquired, whether other relatives also experience ptosis, 
whether symptoms increase with fatigue or physical stress, wheth-
er there has been past eye inflammation (Fuchs' blepharitis), and 
importantly, whether it has occurred simultaneously with double 
vision. Double images as a rule are suppressed in hereditary diseas-
es and long-standing origins of ptosis and double visions, e. g. in 
the case of a deficit acquired in adolescence. Covering the pupil to 
block the visual field is not perceived. Blurred vision always occurs 
when the visual axes are no longer exactly aligned to each other, 
and is often the first and only long-perceived symptom before man-
ifestation of double vision. Subsequently the images can no longer 
be exactly fused, resulting in the perception of double images. Oc-
casionally double vision arises after successful treatment of the 
ptosis which initially obscured the eye. Frequently the patient finds 
this more disturbing that the ptosis itself.

Clinical Diagnosis of POMG
Special clinical scores used exclusively to determine or investigate 
POMG have not been established [9, 10]; nowadays the testing of 
ocular symptoms is included in every myasthenia score [12]–[13]. 
Differentiated test methods for determining the extent of ptosis 
and double images such as Tensilon tonography, electronystag-
mography, and infrared oculography have shown limited useful-
ness for the assessment of POMG progression; they serve only to 
provide positive distinction between POMG and non-myasthenic 
causes of ptosis and double vision [14]. The most reliable test pa-
rameter for establishing the diagnosis of myasthenia is still anti-
body diagnosis, which is very often negative, especially in patients 
with pure POMG [10, 15]. Seronegative does not mean that the pa-
tient does not possess antibodies against acetylcholine receptor 
structures, only that the antibodies cannot be determined with the 
usual test methods. An important clinical test with high specificity 
but moderate sensitivity (99 % / 75 % [16]) is the so-called Cogan’s 
lid twitch sign [17]. When the eyes are quickly moved to the prima-

ry position by a rapid simultaneous movement after focusing on a 
fixed point, there is excessive upward movement of the upper lid/
lids and subsequent slow return drift of the eyelids to the ptotic po-
sition. This should be differentiated from typical blinking of the 
eyelids, which occurs always bilaterally and symmetrically. In very 
rare cases this can be caused by midbrain lesions [18], but these 
patients also have additional severe clinical neurological signs lead-
ing to a correct diagnosis. The Simpson test can verify a fatigue-re-
lated droop in the upper lid as well as double vision when looking 
upward. Analogously, the double-vision stress test can be applied 
in side view for at least 1 min [19]. The enhanced ptosis sign can be 
useful when examining patients with unilateral or asymmetrical bi-
lateral ptosis. Manual raising of the more severely affected lid re-
sults in pronounced ptosis of the other side [20].

Patients perceive double vision as very disturbing, since spatial 
orientation can become almost impossible, and complain of blur-
ry vision and dizziness; driving a vehicle or riding a bicycle is impos-
sible. A significant problem for the patient is the frequently chang-
ing symptoms; initially patients try to overcome this by deliberate-
ly closing their eyes.

The red glass test can be useful, during which one eye is covered 
with a red filter and the patients is directed to look at an illuminat-
ed white circle. Normally only a pink circle is seen as a result of fu-
sion of the red and white circle. In the case of double vision, this in-
dicates exactly in which direction the double images appear and 
how far the two points of light (red and white) are from one anoth-
er, and where they appear above or next to each other. This test is 
simple to perform and can be used before or after pharmacologi-
cal testing or application of stress. If there are varying findings, then 
the diagnosis of myasthenia is largely established.

Pharmacological Testing for POMG
Pharmacological testing of ocular symptoms is highly sensitive, but 
unfortunately not specific. Either edrophonium chloride can be 
used, or, more easily, a 60 mg tablet of pyridostigmine bromide can 
be administered. Patients with other neuromuscular diseases such 
as GBS, Lambert-Eaton syndrome or ocular myopathies can like-
wise demonstrate improvement of ocular symptoms. This must al-
ways be kept in mind when interpreting findings. The edrophoni-
um chloride test should only be used in ultimately ambiguous 
cases, such as antibody-negative or electrophysiological negative 
testing, and when clinical findings are not definite. The procedure 
should always be performed by a person familiar with this proce-
dure and carried out under appropriate safety conditions. Severe 
cardiac disease must be ruled out in advance, atropine must be 
available or even administered in advance. There must be sufficient-
ly large intravenous access which is kept open by infusion through-
out the procedure. One ml with 10 mg of edrophonium chloride is 
thinned with 9 ml 0.9 % saline thus yielding a 1 mg/ml solution. The 
1:10 diluted edrophonium chloride is administered intravenously; 
approx. 10–20 % of the dose is initially applied. If the patient devel-
ops no clinical side effects, the remaining dose is injected within 
30 s [21]. The neostigmine test can be performed as an alternative. 
After prior provocation of myasthenic weakness and subcutaneous 
injection of 0.5 mg atropine, 1–2 mg neostigmine (1 mg/50 kg bod-
yweight) is injected intramuscularly. Effects should be expected 
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after 5–10 min. This test can be combined simultaneously with re-
petitive stimulation in order to obtain an objective reading of the 
reduced drop in amplitude [22].

Administration of a 60 mg pyridostigmine tablet is a safer but 
equally meaningful alternative. The test can be performed at any 
time in a neurological or general medical practice; ideally it should 
be accompanied by photographic documentation both prior to 
drug administration as well as an hour afterward.

A very simple procedure is the ice pack test [7] during which the 
palsied eyelid is chilled with a cold compress for 2 min. Ptosis im-
proves significantly in the case of ocular myasthenia, since acetyl-
cholinesterase is inhibited at low temperatures. The test has high 
sensitivity, quite good specificity, is inexpensive, safe and rapid as 
well as feasible both as a bedside or office procedure.

Electrophysiology
Repetitive stimulation is a difficult examination to perform and in-
terpret in cases of POMG. Since the relevant nerve/muscle pairs of 
the extraocular musculature and the levator muscle cannot be di-
rectly stimulated, as an alternative, the 7th cranial nerve is stimu-
lated and derived at the orbicularis oculi. The decrement in ampli-
tude is measured between the 1st and 4th or 5th stimulus response. 
The text can be repeated after a functional stimulus. A 10 % drop 
in amplitude is considered relevant, and in part the decrease in 
compound muscle action potential is considered even more sensi-
tive. Technically, the problem is that the normal amplitude of the 
action potential in the facial musculature is already very low and 
very sensitive to stimulation artifacts [23, 24]. A single-fiber EMG 
of the orbicularis oculi muscle can confirm the diagnosis if there is 
evidence of pathological jitter (and blockage) in several motor 
units.

Testing for Antibodies
As previously discussed, myasthenia-specific antibodies (AChR-ab, 
MuSK-ab) cannot be proven in many cases, therefore a seronega-
tive finding does not rule out POMG. In the future, such cases 
should be tested for other known receptor structures such as LRP 
4, agrin or clustered acetylcholine receptors [4, 5, 11, 13, 15].

Differential Diagnosis of POMG
The differential diagnosis of POMG is a wide field, with most diseas-
es already ruled out by careful history and clinical examination. 
Today, a cranial MRI scan to rule out structural brain lesions, elec-
trophysiological examination with repetitive irritation, and an EMG 
scan for evidence of myopathy are typically performed. In addition, 
an extensive laboratory investigation is performed. A proper diag-
nosis can frequently be ascertained based on clinical comorbidities 
such as pain resulting from diabetic ocular nerve palsy or unilater-
al pupil constriction resulting from Horner syndrome. Other im-
portant differential diagnoses include internuclear ophthalmople-
gia (stroke / multiple sclerosis / tumor), involvement of the cranial 
nerves in cases of signs of poisoning, botulism, other neuromus-
cular diseases, endocrine orbitopathy or Miller-Fisher syndrome.

Pathophysiological Considerations 
 regarding POMG

What explains the differences between POMG and generalized my-
asthenia? The extraocular musculature differs significantly in func-
tion from normal striated skeletal muscle. The extraocular muscu-
lature must accomplish precise control of the eyeballs in each of 
their respective optical planes. This is possible because these mus-
cles have differing physiology. Fast fibers are responsible for the 
saccadic movements that position the eye exactly in the optical 
field. The slow tonic fibers are responsible for the fine adjustment 
of the eyeball. The receptor function, particularly in the slow fiber 
types, differs from normal skeletal muscles; the neuromuscular 
juncture is not as well developed as in the skeletal musculature. 
Acetylcholine receptor density is reduced and the synaptic folding 
is expanded with a consequently reduced safety factor compared 
to the skeletal musculature. The fast fibers in the extraocular mus-
culature are similar to the structure of skeletal muscle receptors. 
These physiological anatomical differences may explain why ex-
traocular musculature is more sensitive to disturbances [25, 26].

In addition, neuromuscular end plates of the extraocular mus-
cles have two different subtypes of the acetylcholine receptor. 1.) 
Embryonic acetylcholine receptor with gamma subunits (found 
physiologically on embryonic muscle cells that are not yet inner-
vated, as well as denervated muscle cells in adults, for example, in 
diabetic patients with severe polyneuropathy or on thymic muscle 
cells, which are also not innervated). 2.) Furthermore, normal adult 
ACHR with the alpha subunit located on all innervated muscle cells 
is found on the extraocular muscle. In the initial phase of myasthe-
nia, when the immune cells in the thymus are activated or stimu-
lated, the gamma subunit on the non-innervated thymus muscle 
cells is a possible antigen for increasing the myasthenic immune 
response. Possibly this is an explanation why ocular symptoms are 
so often the first clinical sign of myasthenia gravis [27]. Animal ex-
periments have shown that immunological mechanisms, such as 
increased complement activation play a role [28]. Based on patients 
in whom conventional test methods have demonstrated no recep-
tor-specific antibodies against the acetylcholine receptor, it has 
been shown that passive transmission of disease symptoms to mice 
is possible. This proves autoimmune pathogenesis.

POMG Therapy
In many cases, POMG is the first symptom of developing myasthe-
nia. Consequently more than 50 % of POMG patients develop gen-
eralized myasthenia, most within the first 2 years after onset. The 
goal of therapy is to prevent the widening of clinical symptoms if 
possible. Administration of prednisolone as well as azathioprine 
represents the first choice of immunosuppressive basic therapy. 
Alternatively, methotrexate, mycophenolate mofetil and tacroli-
mus can be used. During therapy escalation, rituximab or cyclo-
sporin can be employed. Thus, the medication used is not different 
from typical therapeutic approaches to generalized myasthenia, 
followed by symptomatic therapy with cholinesterase inhibitors 
(pyridostigmine bromide). Currently only data from uncontrolled, 
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non-randomized studies are available [29]. In part, purely sympto-
matic therapy suffices; these patients often do not require any im-
mune-suppressing or modulating therapeutic measures in the fur-
ther course of the disease. Especially with respect to POMG, how-
ever, there are patients who are hypersensitive to the administration 
of pyridostigmine and who exhibit strong side effects. There is ev-
idence that consistent early treatment with prednisolone may delay 
and reduce the risk of subsequent generalization of POMG. In a ret-
rospectively analyzed group of 87 patients with ocular myasthenia, 
16 out of 32 patients treated only with pyridostigmine transitioned 
to generalized myasthenia within one year. On the other hand, this 
was the case for only 7 of 55 patients treated with prednisone. For 
patients treated with pyridostigmine only, this transition was on 
average after 0.2 years (range 0.1–0.8), in those treated with pred-
nisone, however, transition was only after 5.8 years (range 2.5–
10.5) [30].

Thymectomy seems to have no effect in patients with long-term 
pure ocular myasthenia. Nevertheless, all patients with POMG must 
be promptly screened for the presence of a thymoma or thymic hy-
perplasia visible on CT [31–34].

SummAry
POMG is often considered to be a less severe form of 
myasthenia, although it is a very debilitating disease, as it 
extends into many areas of a patient’s life. Consistent 
treatment, both symptomatic and causal, allows the 
long-term prognosis of ocular myasthenia to be improved or 
the development of generalized myasthenia to be prevent-
ed. For patients with very pronounced purely ocular 
myasthenia who respond very poorly to various therapies, 
resorting to other aids such as attaching eyelid crutches to 
eyeglasses or eyelid surgery is certainly justified. As part of a 
long-term course with almost fixed double vision, a 
prismatic foil can also improve the symptoms. In this case, 
in close consultation with an ophthalmologist, a pragmatic 
approach should be suggested to the patient.
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