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Abstract
BACKGROUND
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Patients with myasthenia gravis (MG) are at a higher risk of developing Takotsubo cardiomyopathy (TTC), particularly during a myasthenic crisis. Myasthenic crisis-associated TTC occurs predominantly in women. In this case report, we present a man with metastasized prostate carcinoma who developed TTC after new-onset MG. 

CASE SUMMARY
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]An 81-year-old man with non-insulin dependent diabetes mellitus and metastasized prostate carcinoma presented with dyspnea. During primary assessment examination at the emergency department, there was evident blepharoptosis of his right eye. His electrocardiograms were suggestive of an acute anterior wall myocardial infarction, for which he underwent emergency coronary angiography. No obstructive coronary artery disease was found. During the coronary angiography, the patient developed respiratory failure and was admitted to the Intensive Care Unit for non-invasive respiratory support. The following day, diagnostic neostigmine test revealed a myasthenic crisis. Bedside echocardiography revealed left ventricular apical ballooning with a typical appearance of TTC. Despite the potentially reversible character of both MG and TTC, the patient and family requested an end of support in the Intensive Care Unit due to age and chronic malignancy with reduced quality of life in recent months after non-chemo-responding prostate carcinoma. The patient died soon after treatment withdrawal.

CONCLUSION
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Elderly men should be carefully evaluated for TTC when new-onset MG is diagnosed.
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[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Core Tip: An elderly man presented with dyspnea and neurological symptoms, including blepharoptosis. Simultaneously, the patient had signs of an acute myocardial infarction, but obstructive coronary artery disease was ruled out by coronary angiogram. Due to respiratory failure, the patient was admitted to the Intensive Care Unit for non-invasive support. The next day, bedside echocardiography revealed left ventricular apical ballooning, typical for Takotsubo cardiomyopathy. Meanwhile, second consultation by the neurologist performing a diagnostic neostigmine test confirmed a myasthenic crisis. Altogether, the patient was diagnosed with a new-onset myasthenic crisis-induced Takotsubo cardiomyopathy. Unfortunately, in this elderly man, this combination was fatal.

INTRODUCTION
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Takotsubo cardiomyopathy (TTC) is a transient cardiac syndrome that typically causes mid-ventricular circumferential and apical hypokinesis mimicking an acute coronary syndrome. In TTC, acute coronary or microvascular spasms can result in stunning of the myocardium with left ventricular dysfunction caused by catecholamine release due to emotion or physical stress[1]. Until 2009, only two cases of patients who had developed TTC after plasmapheresis for a myasthenic crisis were reported[2]. A myasthenic crisis if often the first manifestation of myasthenia gravis (MG). MG is a neuromuscular disease in which autoantibodies are formed against the acetylcholine receptors in the neuromuscular junction, causing severe muscular weakness[2]. The pathophysiology of MG-associated TTC is not exactly clear. A myasthenic crisis can induce severe stress, resulting in excessive catecholamine release. Guaricci et al[3] describe a neurogenic/catecholaminergic hypothesis: supraphysiological levels of epinephrine can paradoxically lead to negative inotropic effects by reducing myofilament contractility, therefore leading to myocardial stunning[3]. Women are 9-times more likely to develop TTC then men. Post-menopausal women are especially prone to TTC[1,4].
Diabetes mellitus is a common comorbidity. When TTC develops during myasthenic crisis, the risk of respiratory failure, intubation and mechanical ventilation (81%) and death (25%) are significant[4,5]. In patients with TTC, respiratory failure is caused by a manifestation of pulmonary edema due to acute heart failure. In MG, however, respiratory distress and failure can be explained by severe skeletal muscle weakness which can lead to hypercapnic failure[6]. However, non-invasive ventilation can successfully stabilize approximately one-third of patients suffering from each of these types of respiratory failure[7,8]. This weakens the awareness that both syndromes can arise during a serious physical and/or emotional stress event. Suspicion of MG with development of pulmonary lung edema should prompt evaluation for TTC. Awareness of the possibility that both MG and TTC may cause respiratory failure, and that an association exists between these conditions, may lead to early recognition, adequate diagnostic work-up and timely treatment. 
In this case report, we sought to describe an elderly man with dyspnea who was diagnosed with new-onset MG and TTC.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]An 81-year-old man with a medical history of non-insulin dependent diabetes and metastasized prostate carcinoma was referred to our emergency department (ED) by his general practitioner, with complaint of dyspnea and generalized muscle weakness.

History of present illness
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]The patient had developed walking difficulties, balance impairment and ptosis of his right eye over the past few days, and developed progressive dyspnea in the last few hours before presentation to clinic. The ptosis of the right eye, as well as generalized muscle weakness, were apparent on primary examination in the ED.

History of past illness
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]The patient was known to have ongoing non-insulin dependent diabetes and metastasized prostate carcinoma.

Physical examination
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]At the ED, the patient’s temperature was 36.5 °C, heart rate was 95 beats per min, respiratory rate 26 was breaths per min, blood pressure was 190/110 mmHg, and oxygen saturation with 3 L O2 was 96%. The initial neurological examination showed a blepharoptosis, general muscular weakness, and disbalance. As such, our differential diagnosis included peripheral neuromuscular disease related to diabetes mellitus, with considerations for further diagnosis to rule out metastatic disease or paraneoplastic neurological disease. In relation to the patient’s complaint of progressive dyspnea, his electrocardiogram (ECG) showed signs of acute coronary syndrome. 

Laboratory examinations
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Serial ECGs revealed signs of acute anterior wall myocardial infarct, although the patient had no typical symptoms of an acute coronary syndrome (Figure 1). This finding was accompanied by raised serum high-sensitivity troponin levels (maximum 0.814 µg/L; normal range: 0-0.014 µg/L). 

Imaging examinations
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]A conventional X-ray and computed tomography angiography of the chest showed no pulmonary embolism or parenchymal abnormalities, except for atelectasis of both lower lung fields. An emergency coronary angiography showed no obstructive coronary lesions (Figure 2). 

Further diagnostic work-up
The patient’s respiratory condition quickly deteriorated and he was admitted to the intensive care unit (ICU) with hypercapnic failure, where he was successfully stabilized with non-invasive ventilation (bilevel pressure support). The following day, the typical combination of ptosis and generalized weakness progressing to respiratory failure prompted re-consultation with the neurologist.

MULTIDISCIPLINARY EXPERT CONSULTATION
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Ruud Keunen, MD, PhD, Department of Neurology, Haga Teaching Hospital, The Hague, The Netherlands
“The patient should start with mestinon and immunoglobulins treatment if the neostigmine test is positive. Further consideration of steroids has been advised.”

Sakir Akin, MD, PhD, Cardiologist-Intensivist, Department of Intensive Care, Haga Teaching Hospital, The Hague, The Netherlands
“The patient should continue inotropic support during continuing acute heart failure. Beside this, there should be ongoing respiratory bilevel non-invasive support to prevent further respiratory complications, accompanied by hypokinetic diaphragm, of myasthenic crisis on top of pulmonary edema by cardiac dysfunction.”

FINAL DIAGNOSIS
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]A diagnostic neostigmine test confirmed the diagnosis of myasthenic crisis with new-onset MG. The acetylcholine receptor (known as AChR) antibody was also positive. During his treatment in the ICU, the patient showed signs of progressive hemodynamic instability, requiring inotropic support with dobutamine. Although follow-up ECGs showed a persistent and evolving anterior wall myocardial infarction, the patient never developed chest pain (Figure 1). Troponin levels also decreased spontaneously. A repeat transthoracic echocardiogram showed apical ballooning of the left ventricle (resembling a Japanese octopus trap) with hypokinesia of the anterior wall, whilst the right ventricle was hyperdynamic but normal in size (Figures 3 and 4). Compared with the quick-look echo carried out in the ED, there was the same morphologic abnormality of the left ventricle. This was suggestive of stress-induced cardiomyopathy, also known as TTC. Theoretically, the myasthenic crisis may have provoked this rare cardiac complication due to excessive catecholamine release. Both MG and TTC are potentially reversible conditions. However, in this specific case of a patient of advanced age and frail physical condition due to chemotherapy-resistant metastasized prostate carcinoma, the clinical condition deteriorated quickly before the effect of intravenous immunoglobulin could occur. 

TREATMENT
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]The patient was supported for neuromuscular failure by non-invasive ventilation and by dobutamin to address the acute heart failure. Despite these treatments, there was ongoing deterioration of his end-organ functions. 

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]On day 3 of ICU treatment, the patient no longer tolerated non-invasive ventilation and became agitated. The patient and his family requested withdrawal of supportive ICU treatment considering the patient’s medical history and significantly reduced quality of life in the past few months. After careful evaluation of the patient’s wishes, medical history and rapid clinical deterioration, supportive ICU treatments were withdrawn. The patient was given treatment to relieve symptoms and died quickly after withdrawal of supportive therapies.

DISCUSSION
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]MG is a rare disease in men and even more rarely leads to TTC[4,9]. Symptoms of respiratory failure, blepharoptosis, dysphagia and overall muscle weakness are present in more than half of the patients[5]. In MG patients, women have a higher risk of developing TTC than men, but men have a poorer prognosis. MG-associated TTC may present differently in men and women[1].
In recent years, large cohort studies have attempted to explain the association between MG and TTC. Myasthenic crisis may result in physiologic stress-induced cardiomyopathy, although direct cardiac involvement of MG cannot be ruled out. The golden standard to rule out acute coronary disease is to perform a coronary angiography (CAG). However, this is a relatively invasive and prolonged procedure in which complications can occur, as in our case where the patient became respiratory insufficient during the CAG. An alternative could have been a computed tomography angiography, which is faster and safer as no arterial access is needed, and gives reliable assessment of the coronaries[10]. Although CAG is the golden standard to distinguish acute coronary syndrome from TTC, non-invasive imaging modalities are becoming useful for TTC assessment. Even in emergent situations, echocardiography can provide a good evaluation of TTC. However, poor echo windows could still influence the visibility of ventricular walls. More accurate non-invasive cardiac imaging modalities known from the field of complex congenital anomalies could help to delineate the ventricular walls and refine the diagnosis[11]. 
MG-associated TTC triggered by a myasthenic crisis is rare. No more than 20 cases are described in depth in the published literature. In a Dutch national representative dataset, we found 175 cases with MC-associated TTC[4,5]. However, the case we present here is unique because of the patient’s age, male sex and comorbid malignancy. Triggers of myasthenic crisis and development of TTC seem to be heterogeneous. This rare condition should be suspected even in patients without a prior diagnosis of MG, as is demonstrated in the case we present here.
The number of cases describing the combination of these two diseases are increasing. Although, in many of them, development of TTC is a result of the treatment of MG[12,13]. In our case, there was no relation with the treatment of MG since the patient presented with ventricular dysfunction in the ED where the diagnosis of MG was not yet known. We do not consider it likely that the myasthenic crisis in our patient was related to medication use. The patient had been treated with gosereline injections every 3 mo for an extended period uneventfully.
Based on the literature, our collective experiences and experience with the case that we present as an illustration, we propose that patients with neurological symptoms together with ST-elevation myocardial infarction on the ECG without obstructive coronary lesions should be evaluated with left ventricle angiogram during coronary angiography to exclude TTC. Early initiation of a diagnostic neostigmine test can lead to more awareness of possible new-onset MG in cases of unusual presentation of circulatory instability. 

CONCLUSION
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]We conclude there is a high need for continuous reporting of similar atypical cases to help improve the understanding of this rare entity. Further studies are needed to evaluate possible direct associations between MG and stress-induced TTC. 
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Figure Legends
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[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Figure 1 Comparison of electrocardiograms during the myasthenic crisis. A: The electrocardiogram (ECG) was taken upon presentation in the emergency department and showed normal sinus rhythm, with no signs of pathology; B: The second ECG was taken at 4 h after presentation and showed ST-elevation in anterior leads (V1-V4) and lateral leads (I and aVL), with minimal reciprocal depressions in inferior leads (II and aVF) and new T-wave inversion in aVL; C: The third ECG was taken 1 d after presentation to the emergency department and showed evolving ST-elevations in anterior leads, with biphasic T-waves and new inverted T-waves in I, II, aVL and aVF.

[image: ]
Figure 2 Coronary angiography showed no significant coronary obstruction. A: Left anterior descending artery; B: Right coronary artery.

[image: ]
Figure 3 Transthoracic echocardiography in four-chamber view. Apical to mid-ventricular segment ballooning was present at end-systole. Please note the endomyocardial board in end systolic contraction forming apical ballooning of the left ventricle, like a Japanese octopus trap (Takotsubo; see inset illustration), and normal right ventricle size.

[image: ]
Figure 4 Japanese octopus traps, also known as Takotsubo. The shape of Takotsubo resembles apical ballooning.
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