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Pr esen tation of C a se

Dr. Xuemei Cai (Medicine): A woman in her 90s was seen in the emergency department 
at this hospital because of ptosis of the left eyelid.

The patient had been in her usual health until 4 days earlier when, on awakening, 
she was unable to open her left eye. She reported no periorbital swelling, discharge, 
pruritus, blurred or double vision, or weakness of her limbs. She was right-handed 
and had hypertension, hyperlipidemia, atherosclerosis, osteoporosis, kyphosis due 
to degenerative spinal disease, and complete heart block, for which a permanent 
pacemaker had been inserted 5 years earlier. She had had herpes zoster and a 
laparoscopic cholecystectomy in the past. Medications included doxazosin, furo-
semide, simvastatin, lisinopril, alendronate sodium, a multivitamin, calcium, and 
vitamin D. She was allergic to acetylsalicylic acid, penicillin, sulfa drugs, and co-
deine. Hydrochlorothiazide had caused hyponatremia. She was single and retired 
and lived independently, performing all activities of daily living, shopping with 
friends, and walking 50 to 60 minutes per day. She drank alcohol occasionally and 
did not smoke or use illicit drugs.

On examination, the vital signs were normal. There was ptosis of the left upper 
eyelid, and the patient was unable to elevate the left eyelid. Visual acuity was 20/40 in 
the left eye and 20/30 in the right eye. Extraocular movements were intact, with two 
to three beats of nystagmus on leftward gaze. There was 2+ bilateral pedal edema. A 
tremor of the hands was present at rest, which increased when the patient raised her 
arms. There was some past pointing on finger–nose–finger testing. The remainder of 
the examination was normal. The erythrocyte sedimentation rate was 18 mm per hour 
(reference range, 0 to 17); serum levels of glucose, calcium, phosphorus, magnesium, 
total protein, albumin, and globulin were normal, as were tests of renal and liver 
function. Other test results are shown in Table 1. Urinalysis revealed 3 to 5 white 
cells and 2+ squamous cells per high-power field, 0 to 2 granular casts per low-
power field, and mucin. An electrocardiogram (ECG) was unchanged from 3.5 years 
earlier, with a paced rhythm and left atrial enlargement.

Computed tomography (CT) of the brain without the administration of contrast 
material and CT angiography showed extensive periventricular white-matter hypoden-
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sities and focal occlusion of the distal right verte-
bral artery near the vertebrobasilar junction. There 
was also a rounded soft-tissue mass (1.6 cm in 
diameter) in the region of the left cavernous sinus 
with a 4-mm enhancing focus laterally that was 
thought to be a thrombosed aneurysm.

Dysfunction of the levator palpebrae superioris 
muscle, possibly caused by spontaneous disinser-
tion of the levator palpebrae tendon, was diag-
nosed. While preparing for discharge, the patient 
reported feeling unsteady. On reexamination, she 
was unable to walk without assistance and her 
gait was wide-based; the results were otherwise 
unchanged. She was observed overnight; physical 
therapy and occupational health consultations 
were obtained, and she was discharged the fol-
lowing day to a rehabilitation hospital for recon-
ditioning and assistance with ambulation.

At the rehabilitation hospital, ptosis of the left 

eyelid and hypertension persisted. Amlodipine be-
sylate was administered. During the first 2 weeks, 
the patient reported neck stiffness. On examina-
tion, the neck was flexed and a change in her voice 
quality was noted, which transiently improved 
when she raised her head. A soft cervical collar, a 
lidocaine patch, and heat were applied. Ten days 
after admission, the level of serum sodium was 
130 mmol per liter. Furosemide was stopped, sa-
line boluses and salt tablets were administered, 
and fluid restriction was begun. During the next 
10 days, the sodium level gradually fell to a nadir 
of 120 mmol per liter. The level of brain natri-
uretic peptide was 113 pg per milliliter (reference 
range, 5 to 99). The systolic blood pressure rose to 
159 mm Hg, and the administration of metoprolol 
was begun, followed by isosorbide dinitrate, with 
improvement. On the 14th day, CT of the head 
showed no change. The serum sodium level gradu-

Table 1. Laboratory Data.

Variable
Reference Range,  

Adults*

On 1st  
Admission,  

This Hospital

6.5 Wk Later, 
Emergency 
 Department

5 Days Later,  
2nd Admission

3rd  
Hospital Day

Hematocrit (%) 36.0–46.0 (women) 34.6 31.7 33.2 34.3

Hemoglobin (g/dl) 12.0–16.0 (women) 12.3 10.7 11.1 11.1

White-cell count (per mm3) 4500–11,000 6100 9600 12,800 16,600

Differential count (%)

Neutrophils 40–70 73 85 91 95

Lymphocytes 22–44 23 12 8 3

Monocytes 4–11 3 2 1 2

Eosinophils 0–8 1 1 0 0

Sodium (mmol/liter) 135–145 138 131 139 140

Potassium (mmol/liter) 3.4–4.8 3.7 4.6 3.9 3.5

Chloride (mmol/liter) 100–108 100 93 101 99

Carbon dioxide (mmol/liter) 23.0–31.9 29.3 30.4 30.1 35.1

Methemoglobin (% of total hemoglobin) 0.4–1.5 0.6

Arterial blood gas measurements

Fraction of inspired oxygen 1.00 1.00

pH 7.11 6.94

Partial pressure of oxygen (mm Hg) 80–100 83 79

Partial pressure of carbon dioxide (mm Hg) 35–42 111 182

Base excess (mmol/liter) 1.2 1.5

Oxygen saturation (%) 91

* Reference values are affected by many variables, including the patient population and the laboratory methods used. The ranges used at 
Massachusetts General Hospital are for adults who are not pregnant and do not have medical conditions that could affect the results.  
They may therefore not be appropriate for all patients.
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ally rose to 130 to 131 mmol per liter, and the 
fluid restriction was lifted.

Approximately 6 weeks after admission to the 
rehabilitation hospital, dysphagia, choking, and 
hoarseness developed, associated with increasing 
fatigue and difficulty holding up her head. Repeat 
CT of the head revealed no changes. A modified 
barium-swallow study reportedly revealed aspira-
tion of thin liquids. She was brought to the emer-
gency department at this hospital. The blood pres-
sure was 124/74 mm Hg, and the oxygen saturation 
92 to 98% while she was breathing ambient air; 
other vital signs were normal. The neck was sup-
ple. There was ptosis of the left eyelid, mild in-
tention tremor, a strong gag reflex, and 1+ deep-
tendon reflexes throughout; plantar reflexes were 
flexor. Gait was not tested, and the remainder of 
the examination was normal. Results of laboratory 
tests are shown in Table 1. A repeat ECG was un-
changed. A chest radiograph showed a dual-lead 
cardiac pacemaker, low lung volumes, bilateral 
small pleural effusions, and bibasilar atelectasis; 
mild enlargement of the cardiomediastinal silhou-
ette with a tortuous and calcified thoracic aorta 
and diffuse osteopenia were present, unchanged 
from earlier studies. Gram’s staining of a sputum 
specimen revealed polymorphonuclear leukocytes, 
squamous cells, and mixed gram-positive and 
gram-negative organisms. The administration of 
clopidogrel bisulfate was begun. The next morn-
ing, the patient returned to the rehabilitation hos-
pital; a diet of pureed food and thick fluids was 
instituted. Further evaluation of the mass in the 
cavernous sinus was planned.

The next day, the patient was noted to be 
coughing and choking on her food and she re-
ported difficulty breathing. The temperature was 
37.8°C and the oxygen saturation 89 to 90% while 
she was breathing ambient air; supplemental oxy-
gen (1 liter by nasal cannula) was administered. 
A chest radiograph reportedly showed an infiltrate 
in the lower lobe of the right lung. She was trans-
ferred to this hospital. The patient stated that she 
did not wish to be intubated or resuscitated in the 
event of respiratory failure or cardiac arrest.

On examination, she was wearing a soft cervi-
cal collar and appeared frail. The blood pressure 
was 147/74 mm Hg, the pulse 72 beats per minute, 
the temperature 36.1°C, and the respiratory rate 
18 breaths per minute, with accessory muscle use. 
Oxygen saturation was 96% while she was breath-
ing oxygen (4 liters) by nasal cannula and fell to 

83% when she was breathing ambient air. The 
neck was supple, with decreased muscle tone. She 
was unable to extend her neck (i.e., raise her head) 
against gravity. Jugular venous pressure was 7 to 
8 cm above the right atrium. There were heavy 
secretions in the oropharynx and diffuse coarse 
rhonchi. Reflexes were 2+ and symmetric, and the 
remainder of the examination was unchanged. 
Levels of platelets, calcium, magnesium, glucose, 
total protein, amylase, and lipase were normal, 
as were tests of liver and renal function. Other 
test results are shown in Table 1. An ECG was 
unchanged. A chest radiograph showed bilateral 
basilar opacities consistent with atelectasis, aspi-
ration pneumonia, or both. There were changes 
that were consistent with mild interstitial edema.

Vancomycin, cefepime, metronidazole, furose-
mide, and methylprednisolone were administered 
intravenously, and albuterol and ipratropium by 
nebulizer. Bilevel positive airway pressure was ad-
ministered intermittently, complicated by episodic 
hypotension (systolic pressure, 70 to 80 mm Hg); 
the partial pressure of carbon dioxide fell to 
82 mm Hg. An ice-pack test (placing ice on the 
affected eyelid to determine whether ptosis is re-
duced) was performed, with equivocal results. 
Laboratory-test results on the third day are shown 
in Table 1. In consultation with the family, and 
according to the previously expressed wishes of 
the patient, comfort measures only were admin-
istered, and the patient died on the third day.

An autopsy was performed.

Differ en ti a l Di agnosis

Dr. Nagagopal Venna: This elderly woman had rap-
idly developing weakness starting with unilateral 
ptosis, followed by head drop, dysarthria, and dys-
phonia, and later, dysphagia and general fatigue, 
culminating in respiratory failure. Before this ill-
ness, she had led an active, independent life into her 
10th decade. The stepwise evolution of the syn-
drome over an 8-week period during which differ-
ent physicians observed fragments of her illness 
through the confounding effects of heart failure, 
hyponatremia, aspiration pneumonitis, and medi-
cations may have caused difficulties in the neuro-
logic diagnosis.

In approaching the differential diagnosis, it is 
helpful to characterize the impairments. Unilateral 
ptosis indicates weakness of the levator palpebrae 
superioris muscle, and forward head drop denotes 
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weakness of cervical paraspinal muscles. Dysar-
thria, dysphagia, and dysphonia reflect paresis of 
the oropharyngeal, palatal, and vocal-cord mus-
culature. Respiratory failure with hypercapnia is 
consistent with weakness of the diaphragm and 
intercostal ventilatory muscles. In contrast to these 
profound abnormalities, the patient’s mental state, 
strength, sensation, and tendon reflexes of the 
limbs were not affected. Such a neurologic syn-
drome can result from lesions of the peripheral 
neuromuscular system or the brain stem. In addi-
tion, the inability to stand or walk and incoordi-
nation of the arms indicate dysfunction of the 
cerebellar system, whereas the tremor is sugges-
tive of involvement of the basal ganglia.

Dr. Gonzalez, may we see the initial brain CT?
Dr. R. Gilberto Gonzalez: CT of the brain without 

the administration of contrast material revealed 
extensive periventricular white-matter hypodensi-
ties. A CT angiogram (Fig. 1A) showed narrowing 
of the distal right vertebral artery and a rounded 
soft-tissue mass (1.6 cm in diameter) in the region 
of the left cavernous sinus, with a 4-mm enhanc-
ing focus that is most likely a thrombosed cavern-
ous carotid aneurysm (Fig. 1B).

Dr. Venna: This patient had clinical findings 
that were indicative of involvement of the brain 
stem, cerebellum, and peripheral nervous system. 
I will consider each of these separately.

Brain-stem syndromes
Brain-Stem Stroke
Ptosis, bulbar weakness, and loss of balance could 
be caused by basilar-artery thrombosis, which can 
evolve over days as areas of ischemia coalesce into 
large brain-stem infarction.1 The patient’s age and 
cardiac and vascular risk factors, including steno-
sis of the right vertebral artery, set the stage for a 
brain-stem stroke. Magnetic resonance imaging 
(MRI) is more sensitive than CT for the detection 
of early brain-stem infarction but was contrain-
dicated because of a cardiac pacemaker. However, 
the sparing of the pupils, the intact extraocular 
movements, the absence of hemiparesis or quadri-
paresis, the lack of sensory abnormalities over the 
face and limbs, and the normal level of conscious-
ness throughout the illness make this diagnosis 
improbable.

Central Pontine Myelinolysis
Central pontine myelinolysis results from rapid 
correction of hyponatremia, and thus could be 

considered in this patient with hyponatremia. 
However, her symptoms antedated the hyponatre-
mia, and the presentation with ptosis, the severe 
neck weakness without limb paresis, and the sub-
sequent respiratory failure are not consistent with 
this diagnosis. Serial CT scans, although not as 
sensitive as MRI, would have shown symmetric low 
attenuation reflecting demyelination in the pons.

Bickerstaff’s Brain-Stem Encephalitis
Bickerstaff’s brain-stem encephalitis is a rare, im-
mune-mediated disorder resulting in acute exter-
nal ophthalmoplegia, including ptosis, nystagmus, 
bulbar weakness, gait and limb ataxia, and in se-
vere cases, respiratory failure.2 Decreased alertness, 
coma, bilateral hyperreflexia, Babinski reflexes, 
quadriparesis, and sensory disturbances are fre-
quent. The absence of these features makes this 
diagnosis unlikely.

Diseases of Motor Neurons
The bulbar syndrome occurs in about 20% of cas-
es of amyotrophic lateral sclerosis (ALS), especial-
ly in older women.3 This can spread to the cervical 
and thoracic spinal motor neurons, leading to neck 
weakness, head drop, and respiratory failure. ALS 
is unlikely in this case because of the abrupt onset 
and very rapid course. In addition, ptosis does not 
often occur in ALS, since ocular motor neurons are 
usually spared. The expected tongue atrophy and 
fasciculations, spastic dysarthria, and upper-motor-
neuron signs in the limbs never developed.

Peripheral Neuromuscular Disorders
The acute weakness of the bulbar, neck, and respi-
ratory muscles, without involvement of the central 
nervous system, points to a disorder of the nerves, 
muscles, or neuromuscular junction.

Cranial Neuropathies
Palsies of cranial nerves III, IX, X, and XI could 
account for this patient’s syndrome. The usual 
causes of cranial-nerve palsies are metastatic men-
ingitis (due to carcinoma or lymphoma) and granu-
lomatous meningitis (due to sarcoidosis, tubercu-
losis, or a fungal infection).4 A cranial neuropathy 
is unlikely in this case because of the preserved 
gag reflex, severe neck hypotonia, and the ab-
sence of other ocular palsies and facial sensory 
disturbances. The lesion in the left cavernous si-
nus is relevant because it could cause ptosis by 
compressing the oculomotor nerve and because 
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it may extend to cause palsies of cranial nerve VI 
and the first division of cranial nerve V. However, 
no other signs of progressive cavernous sinus 
syndrome emerged. Moreover, Dr. Gonzalez has 
shown this lesion to be a fusiform aneurysm and 
not a neoplastic mass; therefore, the lesion is 
most likely an incidental abnormality.

Peripheral Neuropathies
A subgroup of patients with the Guillain–Barré 
syndrome present with ocular, bulbar, and respi-
ratory paralysis rather than the usual paralysis 
ascending from the legs.5 Gait and limb ataxia can 
occur before limb weakness. The absence of facial 
palsies, lack of weakness of upper limbs, and in-
tact tendon reflexes throughout the course of the 
illness argue against this diagnosis. The Miller 
Fisher syndrome, a variant of the Guillain–Barré 
syndrome that presents with ataxia, areflexia, and 
ophthalmoplegia, is a consideration. However, the 
key features of ophthalmoplegia and generalized 
areflexia did not develop in this patient.6 Even so, 
these peripheral-nerve disorders should be inves-
tigated by means of electrophysiological testing 
in this patient.

Myopathies
Acute respiratory paralysis occurs very rarely in 
patients with acid maltase deficiency and mito-
chondrial myopathies, polymyositis, and derma-
tomyositis and is usually preceded by insidious 
proximal-muscle weakness.7 The unilateral ptosis 
and bulbar weakness in this patient make myo-
pathic illness unlikely.

Disorders Affecting the Neuromuscular Junction
The Lambert–Eaton Syndrome

The Lambert–Eaton syndrome, mediated by auto-
antibodies to the presynaptic voltage-gated calcium 
channels at the neuromuscular junction, is often 
thought of as a cause of oculobulbar weakness. 

However, the cardinal findings are proximal-mus-
cle weakness, areflexia, and autonomic disturbanc-
es such as dry eyes, erectile dysfunction, and ortho-
static hypotension. This disorder does not explain 

A

B

C

Figure 1. Imaging Studies.
A CT angiogram with restricted maximum-intensity 
projection reconstruction at the level of the circle of 
Willis (Panel A) does not reveal an intracranial aneu-
rysm. An axial source image (from a CT angiogram of 
the head) at the level of the cavernous carotid arteries 
(Panel B) shows a lateral outpouching of the left cavern-
ous carotid artery, most likely representing the patent 
component of a partially thrombosed aneurysm (arrow). 
A chest radiograph (Panel C) shows widening of the 
superior mediastinum.
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the craniocervical and respiratory-muscle weakness 
in this patient.

Myasthenia Gravis
Myasthenia gravis is the most common disorder 
occurring at the postsynaptic neuromuscular 
junction. Ocular-muscle weakness is a character-
istic early feature and can be asymmetric and 
even restricted to a single muscle, as exemplified 
by the unilateral ptosis in this case. Fluctuation 
of the weakness with activity is common but not 
invariable.

Slight weakness of extraocular muscles may 
appear as nystagmus (paretic nystagmus), as the 
weak muscles strain to move the globe against 
stronger antagonists; such weak muscles may ex-
plain this patient’s nystagmus. Prominent weak-
ness of the neck muscles, leading to dropping of 
the head, is characteristic of myasthenia gravis.8 
Hypercapnic respiratory failure is a common and 
dreaded complication of myasthenia gravis.9 Re-
spiratory failure can happen swiftly, often pre-
cipitated by respiratory infection and the use of 
antibiotics, statins, beta-blockers, and high-dose 
glucocorticoids. All these features emerged rapidly 
in this patient, without sensory or reflex abnor-
malities in the limbs and with intact conscious-
ness, and strongly favor a diagnosis of myasthe-
nia gravis.

Weakness of the bulbar, neck, and respiratory 
muscles, with little ocular or limb involvement, as 
seen in this patient, occurs in 20% of patients who 
have myasthenia gravis with acetylcholine-receptor 
antibodies. Similar patterns of weakness and re-
spiratory failure also occur in paraneoplastic myas-
thenia gravis associated with thymoma.10 Less 
commonly, this phenotype of myasthenia gravis, 
sometimes accompanied by atrophy of the neck 
muscles, is seen in patients who test negative for 
acetylcholine-receptor antibody and who have anti-
bodies to muscle-specific tyrosine kinase (MuSK), 
a transmembrane muscle protein at the neuro-
muscular junction.11

Myasthenia gravis is being diagnosed increas-
ingly in patients over the age of 50 years.12 Even so, 
I suspect that this patient, at more than 90 years 
of age, would be one of the oldest to receive a 
diagnosis of myasthenia. Myasthenia tends to be 
overlooked in elderly persons because ptosis, 
changes in speech and swallowing, and fatigue 
are usually attributed to the frailties of age, as 
they apparently were in this case.

Dr. Gonzalez, may we see the chest radio-
graph?

Dr. Gonzalez: The chest radiograph shows mild 
mediastinal widening (Fig. 1C). There is intersti-
tial lung disease, and the cardiac silhouette is un-
remarkable.

Dr. Venna: With the suspicion for myasthenia 
gravis being high, even this subtle widening of the 
mediastinum suggests thymoma, which occurs 
in 10 to 15% of patients with myasthenia, and 
would prompt a CT scan of the chest to further 
define the lesion.

Diagnostic testing for myasthenia gravis
When this patient was finally admitted to this hos-
pital, myasthenia gravis was clearly a serious con-
sideration. An ice pack was placed over the eye for 
1 minute to improve neuromuscular transmission 
and temporarily relieve the ptosis, but her response 
was equivocal. Even when negative, this test does 
not rule out myasthenia.

Several tests are needed to confirm the diag-
nosis of myasthenia gravis and to overcome the 
problem of false negative and false positive re-
sults.13,14 Repetitive nerve stimulation, in which 
a motor nerve is stimulated at 2 to 5 Hz while the 
response of compound motor action potential is 
recorded, is the key test. A progressive decrement 
in amplitude is the diagnostic finding. In this 
patient, testing the sternocleidomastoid and face 
muscles would be appropriate. Results of single-
fiber electromyographic tests are abnormal in 
about 95% of cases of myasthenia gravis, even 
when results of repetitive stimulation are equivo-
cal, but single-fiber electromyography is not spe-
cific. Standard nerve-conduction and needle elec-
tromyographic studies are indicated to detect 
demyelinating neuropathy and myopathy, which 
may coexist with myasthenia gravis.

Serum antibodies to nicotinic acetylcholine re-
ceptor are highly sensitive and specific for the di-
agnosis of myasthenia gravis. About 80% of pa-
tients without thymoma and almost all those with 
thymoma have such antibodies. Antibodies to the 
striated muscle proteins titin and ryanodine recep-
tor are also common in thymoma-associated my-
asthenia gravis and may predict more severe dis-
ease and a propensity to respiratory failure.15 If 
acetylcholine receptor antibodies are absent, anti-
bodies to MuSK should be sought. Many different 
autoantibodies are being discovered in patients 
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with thymoma, resulting in a variety of paraneo-
plastic neurologic disorders, including neuro-
myotonia, limbic encephalitis, polymyositis, stiff-
person syndrome, and subacute hearing loss.16 I 
wonder whether the ataxia in this patient reflects 
paraneoplastic cerebellar degeneration.

Intravenous edrophonium — a rapid-acting, 
short-duration acetylcholinesterase inhibitor that 
increases the availability of the acetylcholine at 
the neuromuscular junction — is the pharmaco-
logic test for myasthenia gravis. It is suitable for 
patients in whom weakness is easily visible and a 
response is readily ascertainable, such as the pto-
sis and neck weakness of this patient. In these 
circumstances, a positive result is seen in about 
80% of cases. Because of the potential for severe 
bradycardia, ECG monitoring and the ready avail-
ability of atropine are necessary.

Summary
In conclusion, I think this patient had myasthenia 
gravis complicated by myasthenic crisis as a para-
neoplastic disorder due to thymoma. Paraneo-
plastic cerebellar degeneration may be part of the 
picture.

Dr. Nancy Lee Harris (Pathology): Dr. Cai, would 
you tell us the clinical impression that the care 
team had at the time?

Dr. Cai: We thought that the patient most likely 
had myasthenia gravis and was presenting in a 
myasthenic crisis. The members of the neurology 
service thought that anticholinesterase therapy 
(pyridostigmine or edrophonium) might result in 
increased oral secretions and the risk of aspira-
tion, so this test was not performed. We also sus-
pected that the mediastinal widening was due to 
thymoma. We obtained serum for antibody test-
ing, as suggested by Dr. Venna, and we obtained 
permission for an autopsy.

Clinic a l Di agnosis

Myasthenia gravis and myasthenic crisis associ-
ated with thymoma.

Dr . Nag ag opa l V enna’s 
Di agnoses

Myasthenia gravis and myasthenic crisis.
Paraneoplastic syndrome associated with 

thymoma.

Pathol o gic a l Discussion

Dr. Lawrence R. Zukerberg: At autopsy, the heart was 
enlarged (370 g), with left ventricular hypertro-
phy, biatrial dilatation, and severe coronary artery 
disease. A pacemaker was in place. There was pul-
monary edema. There was a well-circumscribed 
mass (4.2 cm in diameter) in the anterior medi-
astinum.

Microscopical examination of the mediastinal 
mass revealed an encapsulated cellular tumor (Fig. 
2A). The tumor cells had a spindled or oval ap-
pearance with bland nuclei and dispersed chroma-
tin (Fig. 2B). Scattered small, mature lymphocytes 
were admixed. The spindle cells were positive 
for keratin according to immunohistochemical 
analysis (Fig. 2C), and the lymphocytes were 
CD3+ T cells (Fig. 2D). These findings are diag-
nostic of type A thymoma (also known as med-
ullary thymoma), according to the World Health 
Organization (WHO) classification system.17 Sec-
tions of the left ventricle showed giant-cell myo-
carditis with infiltration by small lymphocytes 
and giant cells (Fig. 3A and 3B). A section of the 
psoas muscle (Fig. 3C) also showed myositis. Sec-
tions of the brain stem showed microglial infil-
trates in the medulla and pons without involve-
ment of the cerebral cortex or limbic structures 
(Fig. 3D). This distribution is consistent with a 
paraneoplastic process.

The results of a paraneoplastic antibody panel 
that was sent to the Mayo Medical Laboratory were 
received after the patient died. The results showed 
the presence of acetylcholine receptor binding 
muscle antibodies, acetylcholine receptor muscle-
modulating antibodies, and antibodies to stria-
tional proteins. Acetylcholine receptor binding 
antibodies activate complement leading to loss of 
the receptor, whereas modulating antibodies 
lead to endocytosis and loss of expression of the 
receptor. Striational proteins, present in both 
heart and skeletal muscle, include the structural 
proteins titin and ryanodine receptor and a 
potassium-channel protein, Kv1.4. The patient 
did not have other paraneoplastic autoantibod-
ies. The final diagnoses after completion of the 
autopsy are thymoma (WHO type A, noninva-
sive) and the associated paraneoplastic syndromes 
myasthenia gravis, giant-cell polymyositis involv-
ing heart and skeletal muscle, and mild brain-
stem encephalitis.
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Paraneoplastic phenomena are seen in up to 
50% of cases of thymoma; they are most common 
in WHO type B2 thymoma but occur in all sub-
types. In addition to neuromuscular disorders, 
they include hematologic disorders such as red-
cell aplasia and other cytopenias, hypogamma-
globulinemia, and other autoimmune disorders.18

Up to 10% of patients with myasthenia gravis and 
thymoma have more than one paraneoplastic 
syndrome, as this patient did.16,18 A recent large 
study of patients with myasthenia gravis showed 
that the heart, skeletal muscle, or both were au-
toimmune targets in only 0.9% of patients; poly-
myositis was twice as common as myocarditis.19 
Polymyositis developed before or simultaneously 
with myasthenia gravis, whereas myocarditis as-
sociated with arrhythmias and heart failure de-
veloped after the onset of myasthenia gravis. All 

patients had anti-striational antibodies, and none 
had muscle-specific antibodies, findings that are 
similar to those in our patient.

Dr. Harris: Are there any questions for any of our 
discussants?

Dr. Lloyd Axelrod (Medicine): Can you relate these 
different diagnoses — polymyositis, brain-stem 
encephalitis, and myasthenia gravis — to specific 
clinical findings and make a pathological–clinical 
correlation?

Dr. Venna: Polymyositis causing respiratory and 
heart failure are part of the thymoma-associated 
neuromuscular disorder and may well have had a 
role in this patient’s course. The ataxia and nystag-
mus may correlate with the mild brain-stem en-
cephalitis found at autopsy. However, the most 
severe component of her illness is best explained 
by myasthenia gravis.

A B

DC

Figure 2. Mediastinal Mass.

At low magnification (Panel A, hematoxylin and eosin) the mediastinal mass contains a mixture of spindle cells and 
lymphocytes. At higher magnification (Panel B, hematoxylin and eosin) the spindle cells have oval, bland nuclei and 
the lymphocytes appear small and mature. With the use of immunohistochemical analysis, the spindle cells expressed 
cytokeratin (Panel C, immunoperoxidase for cytokeratin), and the lymphocytes were CD3+ T cells (Panel D, immuno-
peroxidase for CD3).
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Dr. Hasan Bazari (Medicine): It seems that in the 
initial assessment of this patient, there was prema-
ture closure around the diagnosis of dehiscence of 
the levator palpebrae tendon. What is the right 
evaluation for acute unilateral ptosis?

Dr. Venna: Dehiscence of the levator palpebrae 
superioris tendon can cause mechanical ptosis 
of the eyelid and is quite common in older pa-
tients. However, the onset of ptosis would not be 
so abrupt that the patient woke up with it one 
day. When I see a patient with new-onset ptosis, 
I look for a dilated pupil with decreased constric-
tion to light and impairment of other ocular move-
ments, since these indicate oculomotor nerve palsy 
and suggest a serious problem such as a cerebral 
aneurysm compressing the nerve. I think of my-
asthenia in patients with pupil-sparing, painless 
ptosis, and I look for other supportive signs, such 
as fatigability.

Dr. Harris: I think a major lesson from this case 
is that if an active person — no matter how old 
— suddenly becomes weak, causes of the weak-
ness other than old age or deconditioning 
should be carefully considered.

A nat omic a l Di agnoses

Thymoma — WHO type A, noninvasive — with 
paraneoplastic myasthenia gravis, giant-cell 
polymyositis and myocarditis, and brain-stem 
encephalitis.

This case was discussed at the Medicine Case Conference.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
We thank Drs. Jeanne B. Ackman (Radiology) and Catherine 

Silva (Medicine) for assisting with the preparation of the case 
history, Drs. Sarah Chiang and Katy Linskey (Pathology) for 
performing the autopsy, and Drs. James Stone and Matthew 
Frosch (Pathology) for contributing to the pathological dis-
cussion.

A B

DC

Figure 3. Paraneoplastic Phenomena (Hematoxylin and Eosin).

A section of the heart (Panel A) shows giant-cell myocarditis with infiltrating lymphocytes and multinucleated histio-
cytic giant cells (shown at higher magnification in Panel B). A section of psoas muscle (Panel C) also shows myositis. 
A section of the medulla (Panel D) shows patchy infiltrates of lymphocytes and histiocytes (microglia) that are indica-
tive of mild brain-stem encephalitis.
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