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Abstract. Andersen‑Tawil syndrome (ATS) is an autosomal 
dominant, multisystem channelopathy characterized by 
periodic paralysis, ventricular arrhythmias and distinctive 
dysmorphic facial or skeletal features. The disorder displays 
marked intrafamilial variability and incomplete penetrance. 
Myasthenia gravis (MG) is an autoimmune disorder that 
demonstrates progressive fatigability, in which the nicotinic 
acetylcholine receptor (AChR) at neuromuscular junctions is 
the primary autoantigen. The present study reports a rare case 
of a 31‑year‑old woman with a history of morbid obesity and 
periodic weakness, who presented with hemodynamic insta-
bility, cardiogenic shock and facial anomalies. Laboratory 
results revealed hypokalemia and an elevated anti‑AChR 
antibody expression levels. Electrocardiography demon-
strated prolonged QT‑interval, ST‑elevation, and subsequent 
third‑degree atrioventricular block. Neurological examination 
revealed bilateral ptosis, horizontal diplopia, dysarthria and 
generalized weakness. No mutations in the potassium channel 
inwardly rectifying subfamily J member 2 gene were detected 
in the present case. The patient was treated with oral potas-
sium supplementation and an acetylcholinesterase inhibitor 
(pyridostigmine), after which the symptoms were improved. 
To the best of our knowledge, the present case report was the 

first to describe concomitant presentation of both ATS and 
MG, which represents a diagnostic and therapeutic challenge.

Introduction

Andersen‑Tawil syndrome (ATS), also known as Andersen 
syndrome and long QT syndrome 7, is a rare channelopathy 
inherited in an autosomal dominant fashion  (1,2). ATS is 
characterized by the triad of episodic flaccid muscle weakness 
(periodic paralysis may be hypo‑, hyper‑ or normokalemic); 
cardiac arrhythmias and dysmorphic features, including 
low‑set ears, hypertelorism, small mandible, clinodactyly, 
syndactyly, short stature and scoliosis  (3,4). In addition, 
hypoplastic kidney and valvular heart disease have been 
reported in patients with ATS (5). There are two types of ATS. 
Type 1 ATS accounts for ~60% of patients with the disorder 
and is caused by mutations in the potassium channel inwardly 
rectifying subfamily J member 2 (KCNJ2) gene, which alters 
the normal structure and function of potassium channels, or 
prevents the channels from being inserted correctly into the 
cell membrane (6). This disrupts the flow of potassium ions in 
skeletal and cardiac muscle, leading to the periodic paralysis 
and irregular heart rhythm characteristics (6). The remaining 
40% of cases are designated as type 2 ATS, the cause of which 
remains unknown (7).

Myasthenia gravis (MG) is an autoimmune disorder of the 
neuromuscular junction. The hallmark of MG is fatigability. 
Muscles become progressively weaker during periods of 
activity and improve after rest. Muscles that control eye and 
eyelid movement, facial expressions, chewing, talking and 
swallowing are particularly susceptible (8,9). In addition, the 
muscles that control breathing and neck and limb movements 
can be affected. Symptoms may include asymmetrical ptosis, 
diplopia, unstable or waddling gait, weakness in the arms, 
hands, fingers, legs, and neck, a change in facial expression, 
dysphagia, shortness of breath and dysarthria (8). A myas-
thenic crisis may require assisted ventilation to sustain life 
when paralysis of the respiratory muscles occurs. Myasthenia 
does not directly affect cardiac muscle (10). Anti‑acetylcholine 
receptor antibodies are considered to be pathognomonic and 
pathogenetic for MG, as they block acetylcholine receptors 
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at the postsynaptic neuromuscular junction (9), inhibiting the 
excitatory effects of the neurotransmitter acetylcholine on 
nicotinic receptors at neuromuscular junctions.

The present study describes a case of concomitant presen-
tation of ATS and MG. To the best of our knowledge, such 
a case has not been reported previously in the literature and 
represents a diagnostic and management challenge.

Case report

A 31‑year‑old woman with a history of morbid obesity (body 
mass index, 58; weight, 375  lbs; height, 5'7'') and periodic 
weakness was admitted to a tertiary University Hospital and 
intubated in August 2008 due to hemodynamic instability and 
cardiogenic shock. The patient exhibited facial anomalies, 
including hypertelorism, ptosis, widely spaced eyes, low‑set ears 
and micrognathia, and dental abnormalities (Fig. 1). Laboratory 
results at admission demonstrated hypokalemia (K+, 2.5 mEq/l; 
normal range, 3.5‑5.0 mEq/l) and acute renal insufficiency 
(creatinine, 1.7 mg; normal in females, 0.6‑1.1 mg), but were 
otherwise unremarkable. Electrocardiography indicated a 
prolonged QT‑interval (QTc, 539 ms; normal, <470 ms for 
females), ST‑elevation in the inferior and anterolateral leads 
(1 mm), and subsequent third‑degree atrioventricular block 
(Fig. 2). Clinical findings were consistent with those of ATS. 
No mutations of the KCNJ2 gene were detected by sequencing 
analysis, as previously described in this case (3). Although the 
patient was medically stabilized with an implanted pacemaker 
and normalized electrolytes, her weakness did not improve.

Neurological examination revealed that the patient was 
mentally competent but experienced generalized weakness with 
bilateral ptosis, binocular diplopia in all directions, dysarthria 
with a lax jaw and poor dentition. The patient was unable to 
close her eyes completely or hold up her head. The fatigue test 
by upper gazing, as described previously (11), provoked dyscon-
jugated eyes (Fig. 3). The patient's muscle strength was weak in 
the lower (2/5) and upper (3/5) extremities, as determined by the 
criteria outlined by the Medical Research Council (https://www.
mrc.ac.uk/documents/pdf/complex‑interventions‑guidance/). 
Tendon reflexes and sensory responses (including pinprick, 
temperature and vibration) were normal. No muscle tenderness 
or pathologic reflexes were detected. Repetitive nerve stimula-
tion of the ulnar‑abductor digiti minimi muscle and nasalis 
facial muscle showed abnormal decremental responses (Fig. 4). 
The expression level of anti‑AChR antibody (performed by 
Quest Diagnostics, Philadelphia, PA, USA) was significantly 
elevated (178 nmol/l; normal, <0.3 nmol/l). The patient was 
treated with 0.4 g/kg/day intravenous immunoglobulin (IVIG; 
GAMMAGARD LIQUID; Baxalter US Inc., Bannockburn, IL, 
USA) for 5 days, as well as 60 mg pyridostigmine three times 
per day, and her symptoms improved.

In the following year, it transpired at follow‑up that the 
patient had experienced episodic events of weakness which were 
initially considered as myasthenic crises, and the patient was 
admitted into the Intensive Care Unit and provided further IVIG 
treatment (0.4 g/kg/day for 5 days). The cause of these events 
was eventually identified as being associated with potassium 
levels <3.2 mEq/l. The patient was subsequently treated with 
oral potassium supplementation (20 mEq/day) and pyridostig-
mine (90 mg four times per day), and her symptoms improved. 

Follow‑up at 6 years demonstrated that the patient remained in 
a stable condition without any further weakness events. Written 
informed consent was obtained for the present study.

Discussion

In the current case report, a rare case of a 31‑year old woman 
with concurrent ATS and MG is presented. To the best of our 
knowledge, this has not been previously reported in the litera-
ture. ATS is a rare genetic disorder of unknown prevalence 
which is associated with <10% primary periodic paralysis 
cases. The precise incidence of periodic paralysis remains 
unknown, however it is estimated to be ~1:100,000. At least 
50% of individuals diagnosed with ATS have an affected 
parent (12).

ATS should be considered in any individual presenting 
with periodic paralysis and ventricular arrhythmias. 
Individuals with episodic weakness or cardiac symptoms 
require careful evaluation by a neurologist and/or cardiologist, 
measurement of the serum potassium concentration (including 
baseline measurements and measurements during attacks of 
flaccid paralysis), a 12‑lead electrocardiogram and 24‑h Holter 
monitoring. Differential diagnosis depends on the initial 
presentation and includes primary and secondary periodic 
paralyses and thyrotoxic periodic paralysis (3,4). The results 
of routine nerve conduction analyses are typically normal 
between episodes in patients with ATS. A more sensitive 
neuroelectrophysiological study may reveal an immediate 
post‑exercise increment followed by an abnormal decrement in 
the compound motor action potential amplitude (>40%) (13) or 
area (>50%) at 20 to 40 min post‑exercise (14,15). In a previous 
study of 11  individuals with ATS, 82% met long‑exercise 
amplitude decrement criteria for abnormal testing (16). 

The presence of a pathogenic KCNJ2 sequence variant 
confirms the diagnosis of ATS1 (5,7). Sequence analysis and 
mutation scanning of the entire gene can result in similar 
mutation detection frequencies; however, mutation detection 
rates for mutation scanning may vary considerably among 
laboratories, depending on the specific protocol used. KCNJ2 

Figure 1. Dental abnormalities. A 31‑year‑old woman with a history of 
morbid obesity and periodic weakness presented dental abnormalities.
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is the only gene in which mutations are known to cause ATS1. 
The mutation p.Arg218Trp is considered a potential hotspot 
for disease‑causing mutations (4,17,18). However, ~40% of 
ATS cases are without KCNJ2 gene defects, and their diag-
noses may be more difficult (4,17).

MG occurs in all ethnic groups and both sexes. Although 
MG most commonly affects women aged <40 years followed 
by individuals aged between 50 and 70 years old of either 
sex, it has been known to occur at any age (8). Diagnosis of 
MG may be delayed if the symptoms are subtle or variable, 
rendering it hard to distinguish between normal variants 
and other neurological disorders (8). A detailed history and 
neurological examination may reveal easy fatigability, with 
the weakness improving with rest and worsening again during 
subsequent exertion testing. A good response to medication, 
such as an acetylcholinesterase inhibitor (pyridostigmine), 
may also indicate MG.

Figure 3. Neurological abnormalities. Neurological examination demonstrated 
dysarthria, bilateral ptosis, horizontal diplopia and a lax jaw with poor denti-
tion. The patient was unable to close her eyes completely and hold up her head.

Figure 4. Abnormal responses of ulnar‑abductor digiti minimi muscle (ADM) 
and nasalis facial muscle. Repetitive nerve stimulation indicated abnormal 
decremental neurological responses.

Figure 2. Electrocardiographic changes. Electrocardiography demonstrated a prolonged QT‑interval, ST‑elevation in the inferior and anterolateral leads 
(1 mm) and subsequently third‑degree atrioventricular block.
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The present study described the case of a 31‑year‑old woman 
who presented with episodic weakness, cardiac arrhythmias 
and dysmorphic features. Clinical findings were consistent 
with those of type 2 ATS, in which the KCNJ2 gene muta-
tion is absent. Notably, the patient exhibited decreased muscle 
strength with abnormal decremental responses on repetitive 
nerve stimulation, which indicated neuromuscular transmis-
sional dysfunction. The levels of anti‑AChR antibody were 
tested and significant elevation was detected, which confirmed 
the diagnosis of MG in addition to ATS in the patient. Diagnosis 
of concurrent ATS and MG may be overlooked due to the preva-
lence of muscle weakness. The patient's cardiac condition was 
well controlled following the implantation of a cardiac pacer. 
Although the patient's weakness initially responded well to an 
antiacetylcholinesterase agent (pyridostigmine), significant 
episodic weakness was triggered by hypokalemia, which may 
result in a clinical management challenge if the hypokalemia 
is not recognized. Notably, episodic flaccid muscle weak-
ness in ATS with periodic paralysis may be hypo‑, hyper‑ or 
normokalemic. The patient described in the current case study 
has remained in a stable condition with a normal quality of 
life and no recurrence of episodic weakness in 6 years, whilst 
being treated with a regimen of oral potassium supplementa-
tion and pyridostigmine.

In conclusion, although it is extremely rare, concomitant 
presentation of ATS and MG, which have very different patho-
geneses, may occur in a single individual. Managing a patient 
with concurrent ATS and MG may become a diagnostic and 
therapeutic challenge. Therefore, we recommend that an inves-
tigation of MG should be performed in patients with ATS.
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