CASE REPORTS
Amyotrophic lateral sclerosis and myasthenia gravis

© Pervushina E.V,, Kutlubaev M.A., Magzhanov R.V., Brazhnikov M.V, Farrakhova S.M., 2024 ") Check for updates

Amyotrophic Lateral Sclerosis and Myasthenia
Gravis: Comorbidities and Differential Diagnosis

Ekaterina V. Pervushina', Mansur A. Kutlubaev!, Rim V. Magzhanov', Maksim V. Brazhnikov?, Svetlana M. Farrakhova’

'Bashkir State Medical University, Ufa, Russia;
“Republican Clinical Hospital named after G.G. Kuvatov, Ufa, Russia

Abstract

Amyotrophic lateral sclerosis (ALS) and myasthenia gravis (MG) are both characterized by primarily motor deficit, and their differential diagnosis
may be sometimes challenging. We present a case report of a patient with late-onset ALS, which was initially misdiagnosed for anti-acetylcholine
(anti-AChR) antibody-positive MG. In some cases, ALS has been thought to be triggered by MG. In the presented case report, elevated anti-AChR
antibody titers (positive anti-AchR Ab) had no clinical significance and possibly indicated an immune response to structural changes in the postsyn-
aptic membrane of the neuromuscular synapse in the ALS patient.
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AnHoTarug

Boxosoli amuompoduueckuti cknepos (BAC) u muacmeHus xapaxmepusyiomes uucmo 08U2amesibHbLM HE8PONIO2UYECKUM 0eUUUMOM, U 6 Heko-
mopbix cayuasx ux ougpeperyuanshas duasHocmuka Moxem ebi3viéams mpyoHocmu. Ipedcmaenen ciyuaii no3onezo dedioma BAC, komopi
U3HAUATIBHO Oblsl OULUOOUHO NPUHAM 30 MUACMEHUIO C NOOKUMEbHBLMU GHMUMENAMU K ayemuxonuHossim peyenmopam (AXP). B Hexomopoix
crydasx muacmenus paccmampusaemcs kak mpueeep BAC. B npedcmasnenrom ciyuae nonoxumensHoliii mump awmumen k AXP He umen kau-
HUYECKO20 3HAUEHUS U, BO3MOKHO, YKA3bI8AT HA UMMYHHYIO PEaKYUI0 HA CMPYKMYpHble USMEHeHUs 8 NOCMCUHANMuUeckoli MeMOpaKe HepeHo-
MbllueuHozo cunanca y nayuenma c BAC.

Kntouegvie cnosa: 60xosoti amuompogpuueckuii ckepos; MuacmeHus; amumena K ayemuaxoauHo8bIM peyenmopam; 60nesHs
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Amyotrophic lateral sclerosis (ALS) and myasthenia gravis
(MG) are two diseases with motor disorders at the core of
their clinical picture. However, a comprehensive examination
of the clinical manifestations generally allows for a correct
diagnosis to be established already at the screening. ALS is
characterized by progressive mixed asymmetric paresis with-
out oculomotor muscle involvement. The disease is irrevers-
ibly progressive and unresponsive to treatment. Myasthenia
gravis (MG) is predominantly manifested by muscle weakness
and abnormal fatigability. MG is classified by the distribu-
tion of paresis affecting mainly oculomotor, mimic, and bul-
bar muscles, as well as the muscles of upper and lower limb
girdles and proximal limbs. MG course is usually fluctuating
with MG patients quickly responding to acetylcholinesterase
inhibitors (AChEISs).

A number of factors may impede differential diagnosis of
ALS and MG. In some ALS subtypes, the peripheral motor
neurons are primarily affected. At the early stages, only the
bulbar muscles are involved, and there are no clear signs of
tongue atrophy or fasciculation. This clinical picture resem-
bles that of MG. On the other hand, MG may mimic ALS. For
instance, MG with antibodies against muscle-specific tyrosine
kinase (MuSK-MG) is characterized by asymmetric paresis
sparing oculomotor muscles, although with an early onset of
respiratory disturbances. In this subtype of MG, progression
of paresis is rapid leading to atrophy and the patients show
no response to AChEI [1].

Differential diagnosis of MG and ALS is of paramount im-
portance as these two diseases require different treatment
approaches. In MG patients, immunomodulatory therapy may
be beneficial, while in ALS patients, glucocorticoid therapy
fails and the most promising treatment options are associa-
ted with various neuroprotective strategies. We present a
case report of an anti-AchR Ab positive patient who initially
was diagnosed with late-onset MG. A more comprehensive
review of the clinical and instrumental data ultimately led to
the ALS diagnosis.

A case report

Patient N. aged 81 years.

Complaints: difficulty swallowing (both solid foods and li-
quids), impaired chewing, choking, nasality, and decreased
voice pitch, severe generalized muscle weakness, especially
in the neck ("dropping head") and legs.

Medical history. Approximately one year ago, the patient
first observed weakness in the right arm, which subsequently
extended to the whole body. One year later, his close ones
started noticing his slurred speech. One month prior to hos-
pital admission, the patient experienced an acute decline in
his condition, which manifested as acute dysphagia, including
failure to swallow saliva, and weakness in the legs, which
gradually increased over the course of the month.

Concomitant diseases. The patient had a history of basal cell
skin carcinoma of the right anterior thorax which was opera-
ted in 2021; neither radiotherapy or chemotherapy was given;
prostate adenoma (operated in 2021); stage III arterial hyper-
tension > 10 years managed by triple antihypertensive thera-
py with combination of amlodipine, valsartan, and hypothiazid
5/160/12.5 mg. The patient had smoked for 40 years (one pack
of cigarettes per day) and ceased smoking in 2004; worked at
construction sites for a long time, and as a crane operator for
the last 20 years before retirement at the age of 65. No family
history of similar disorders, the patient's father died early in
life because of the trauma, mother had symptoms resembling
parkinsonism (limb tremor, bradykinesia, and muscle rigidity),
we have no information about her diagnosis.

The patient was urgently admitted to the central district hos-
pital. Diagnosis at admission: cerebrovascular disease. The
complete blood count and metabolic panel test results fell
within reference limits; a urinalysis revealed moderate leu-
kocyturia; electrocardiography showed chronic atrial fibril-
lation, which was detected for the first time. Prior to AChEI
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treatment initiation, the patient underwent electromyogra-
phy (EMG) with low-frequency (3 Hz) repetitive stimulation
of the following muscles: m. orbicularis oculi, m. nasalis, m.
digastricus, m. deltoid, and m. abductor digiti minimi. The
EMG results were suggestive of abnormalities in postsynaptic
neuromuscular transmission (muscle action potential (MAP)
decrement 16-32%, post-activation depression and post-ac-
tivation exhaustion, see Figure 1). Consequently, the diag-
nosis was revised to myasthenia gravis. Upon insertion of a
nasogastric tube, the patient started AChEI (pyridostigmine
bromide 180 mg daily) and glucocorticosteroid treatment
(prednisolone 70 mg daily). General weakness, particularly
in the legs, progressively increased with the treatment. Ad-
ditionally, dyspnea developed, which may have been caused
by the side effects of the ongoing treatment, also including
fluctuations in blood pressure, progressive cardiac rhythm
disturbances, and glycemia. The patient stopped walking
without assistance.

To verify the diagnosis and modify the treatment, the patient
was transferred to the Neurology Department of G.G. Kuvatov
Republican Clinical Hospital.

C

Fig. 1. Electromyogram of the patient N.
A — m. deltoideus dextra, primary amplitude decrement (1-5) 35%;
B — post-activation depression; C — post-activation exhaustion.

Amyotrophic lateral sclerosis and myasthenia gravis

At admission to the Neurology Department: height 180 cm,
weight 67 kg (weight loss of 15 kg within 1.5 months), BMI
20.68 kg/m? respiration rate 19 breaths per min, chest ex-
pansion decreased. Lower legs are swollen. Blood oxygen sa-
turation was 91%, with oxygen insufflation increased to 97%.
Cardiac arrhythmia, tachycardia, heart rate 100 bpm. Naso-
gastric feeding. Other physical characteristics without visible
changes.

Neurological examination: normal ranges of eye movement,
no diplopia, the orbicularis oculi muscle strength grade 5;
masticatory muscle hypotrophy with strength down to grade
3; the jaw jerk reflex not exaggerated, symmetric face, mimic
muscle strength sufficient, hypophony, poor velar elevation,
reduced swallowing reflex and palatal and pharyngeal reflex-
es, dysphagia, dysarthria, fibrillations on the tongue without
hypotrophy, tongue movements and strength within normal
range. The snout reflex and the nasolabial reflex were posi-
tive. The strength of the neck extensor muscles is at grade 1
and of the neck flexor muscles is at grade 2 (dropped head
syndrome, DHS). The patient had a clinical picture of se-
vere, predominantly flaccid, asymmetric tetraparesis. Active
movements of the limbs are limited, predominantly on the
right side: muscle strength in the proximal limbs decreased
to grade 1 in the leg and grade 2 in the arm with plegia in the
distal parts. Muscle strength in the left-side limbs decreased
to grade 3, predominantly in the proximal parts. The muscle
tone is decreased. Asymmetric diffuse upper and lower limb
hypotrophy andingle fasciculations in the upper and lower
limb muscles were observed. Tendon reflexes were symmet-
rically reduced, no pathological reflexes elicited. Moderate
muscle fatigability was observed: a grade 0.5-1.0 muscle
strength decrease during muscle strength re-assessments.
Coordination in the left-side limbs within normal range. Gait
assessment was impossible [due to the patient's immobility].
No sensory disturbances. The patient had urinary dysfunc-
tion associated with prostatic hyperplasia. After recommen-
dation of the urologist, the patient was catheterized.

The patient was differentially diagnosed between motor neu-
ron disease and neuromuscular junction disorder. A neostig-
mine test was performed twice with no apparent positive
effect.

MAP decrement assessment by needle electromyography
(EMG) in m. trapezius, m. abducens digiti minimi dextr. per-
formed 12 h after AChEI withdrawal detected no neurophysio-
logical signs of disturbance in neuromuscular transmission.
No significant changes in M-response or decremental re-
sponse were observed during post-tetanic depression and ex-
haustion. Needle EMG results showed a pattern of neurogenic
changes in motor action potentials with greater average du-
ration and amplitude in m. rectus femoris, m. tibialis anteri-
or, m. deltoideus, and m. interosseous 1 (Fig. 2). Detection of
single spontaneous fibrillation potentials and fasciculations
confirms generalized damage to motor neurons in the spinal
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Fig. 2. Needle electromyogram of patient N.

A — m. deltoideus dextra, average duration 13.3 ms (8.9-16.3 ms,
ref. values < 12 ms), average amplitude 1408 uV (459-2164 v,
ref. values < 550 pV), spontaneous activity (single fibrillation and
fasciculation potentials); B — m. interosseous I dextra, average
duration 14 ms (9.9-17.8 ms, ref. values < 10.3 ms), average am-
plitude 4863 pV (2125-8427 uV, ref. values < 750 pV), and mo-
derate spontaneous activity (fasciculation potentials).

cord. The EMG assessment of the tongue muscles detected
a single spontaneous fibrillation potentials and an increased
average amplitude of motor action potentials without any
changes in duration.

To rule out focal lesions in the brainstem area, a brain MRI
was conducted, which revealed the signs of chronic cerebro-
vascular insufficiency (Fig. 3).

Complete work-up of the patientrevealed left kidney cyst,
moderate right kidney pyelectasia, diverticula and pseu-
do-diverticula in the urine bladder, and diffuse pulmonary
sclerosis.

The complete blood count results were within normal range;
urinalysis detected transitory macrohematuria and leukocy-
turia caused by uroinfection due to insertion of urinary cathe-
ter; comprehensive metabolic panel results indicated hypo-
proteinemia (51.0 g/L against ref. values of 66-83 g/L) and
hypoalbuminemia (31.6 g/L against ref. values of 35-52 g/L),
elevated urine acid levels up to 440.9 uM/L (ref. values: 208.3-
4283 uM/L), and other parameters within a range of refe-
rence values. Prostate-specific antigen: 2.450 ng/mL (ref. value
< 6.5 ng/mL). Elevated anti-AChR antibody titers: > 20 nM/L
(ref. values < 0.5 nM/L).

Fig. 3. Periventricular hyperintensity of vascular origin on T2 (4)
and FLAIR (B) MRI scans of the patient's brain.

Based on progressive asymmetric paresis, the absence
of any other symptoms since its onset in the upper right
limb, electrophysiological signs of neuronal damage pres-
ent on threelevels of central nervous system, and the ab-
sence of positive response to AChEI administration, the
diagnosis was established as motor neuron disease (MND).
Amyotrophic lateral sclerosis, spinal onset with asymmet-
ric tetraparesis to the degree of plegia in the distal parts
of the upper right limbs, neck muscles involvement, bul-
bar-pseudobulbar syndrome, and respiratory disturbances.
Insignificant anti-AchR positivity. Concominant diagnosis:
coronary artery disease associated with arrhythmia. Chron-
ic atrial fibrillation and congestive heart failure (ACC/AHA
Stage B, NYHA Class II). Stage III arterial hypertension.
Stage I prostatic hyperplasia.

Following the gradual withdrawal of prednisolone and pyri-
dostigmine bromide, the patient exhibited a slight improve-
ment in blood oxygen saturation levels and respiratory func-
tion.

Discussion

At the district hospital (Level II of healthcare system), the ini-
tial diagnosis for patient N was myasthenia gravis, which was
subsequently revised to amyotrophic lateral sclerosis (ALS).
However, the presence of anti-AChR antibodies raised doubts
about the absence of myasthenia gravis.

The potential association between ALS and myasthenia gra-
vis is manifold. The most straightforward explanation is that
they are capable of mimicking each other, as previously stat-
ed. Nevertheless, clinical cases with combination of these two
diseases are particularly intriguing. In the majority of MG-
ALS comorbidity cases documented in the literature, clas-
sical myasthenia gravis preceded the symptoms indicative
of upper and lower motor neuron damage, which may be
considered a transformation of MG into ALS. Few cases of
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patients with MG followed by ALS have also been previous-
ly described. Epidemiological data analysis showed that MG
patients, who further developed ALS, were of older age, had
two times more frequently a bulbar onset, and a more severe
course of disease [2].

The majority of authors consider MG and ALS coexistence
to be far beyond coincidence. Based on western countries
incidence rates the co-occurrence of both diseases is a really
exceptional event (7.5/10°), while S. de Pasqua et al. reported
higher incidence rates based on their studies (1.87/107) [2]. In
terms of pathogenesis, the immunological dysfunctions in pa-
tients with MG may trigger the ALS development, especially
if there is genetic predisposition. Antibodies to lipoprotein—
related receptor protein 4 (LRP4) can be found both in some
MG subtypes and in ALS, as this protein plays an important
role in the neuromuscular synapse and motor neuron func-
tioning. This mechanism is uncommon and is unlikely in the
present case, as the patient was anti-AChR antibody positive
with elevated anti-AChR antibody titers. On the other hand,
dysfunction of the regulatory T-cells (Tregs) typical for MG
may be considered a trigger to motor neuron damage. Tregs
are shown to suppress proinflammatory cytokine production,
stimulate production of antiinflammatory cytokines and neu-
rotrophic factors, as well as mediate microglia activation, etc.
[3]. In MG, suppressive function of Tregs is compromised [4],
whereas in ALS, Tregs are thought to suppress microglial
activation and production of free radicals [5]. Experimental
studies suggest that decreased blood levels of Tregs are asso-
ciated with rapid disease progression [6].

Neuromuscular synapse dysfunction plays a role in the
pathogenesis of ALS due to a "dying back" phenomenon,
i. e. progressive degeneration of motor axons, muscle dener-
vation and decreased neuromuscular transmission [7]. The
pathogenetic similarities between ALS and MG are support-
ed by electrophysiological studies. In their compound mus-
cle action potential (CMAP) decrement study, D. Zhang et
al. demonstrated a decrease in M-response amplitude in m.
abductor pollicis brevis in ALS patients — the so-called neu-
rogenic decrement [8]. Nowadays, neuromuscular junction

Amyotrophic lateral sclerosis and myasthenia gravis

dysfunction is considered to play a special role in the patho-
genesis of ALS [9].

The patient's history of basal cell skin carcinoma does not
exclude paraneoplastic ALS [10]. However, in the presented
case, cancer was highly differentiated with low immunogenici-
ty, which resulted in a low risk of paraneoplastic response.
The tumor as a source of antigenic stimulation was removed
two years prior to disease onset, and the patient did not re-
spond to immunosuppressive therapy.

The patient with predominantly flaccid tetraparesis was diag-
nosed with late-onset MG and presumptive therapy (AChEI +
glucocorticosteroids) at the district | hospital failed to yield
any positive results. Moreover, administration of glucocor-
ticosteroids had a transient negative effect that leveled off
after their withdrawal. Results of follow-up examination ruled
out MG and were suggestive of ALS. At the same time, the
anti-AChR ab test was positive. A comprehensive analysis of
clinical and electrophysiological data, and review of the pa-
tient's family medical history revealed no signs of neuromus-
cular synapse dysfunction, and the patient was diagnosed
with ALS. The presence of autoantibodies was regarded clini-
cally insignificant. In the presented case, positive anti-AChR
ab test result may indicate an immune response to the AChR
degeneration in the neuromuscular synapse [11, 12]. Several
authors suggested that pathogenesis of certain ALS subtypes
includes autoimmune traits [11], but failure of the glucocorti-
costeroid therapy is inconsistent with this hypothesis.

Thus, MG-ALS co-morbidity is a rare but explainable phe-
nomenon in terms of pathogenesis [13-17]. A case report
presented in this article highlights the importance of a com-
prehensive analysis of the clinical picture in the diagnosis of
neuromuscular diseases. Even the presence of disease-speci-
fic autoimmune antibodies is not sufficient to diagnose MD.
The diagnosis must be supported by other typical manifes-
tations, such as oculomotor muscle involvement, pronounced
muscle fatigability, response to AchRI therapy, cold pressure
test, and muscle action potential decrement by low-frequency
repetitive nerve stimulation.
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