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Editorial on the Research Topic Case reports in general cardiovascular medicine: 2022

In this 2022 Topic and Case Reports, an international collection of case reports is presented that aims to contribute to the advancement of understanding of personalized approaches to the prognosis, diagnosis, and treatment of cardiovascular disease. This editorial features the collection of Case reports published in Frontiers in Cardiovascular Medicine (General Cardiovascular Medicine Section) in 2022. In total 33 papers are published in this Research Topic. Case reports of the contributions in this special issue highlight unique cases that present with an unexpected diagnosis, treatment outcome, or clinical course. Hereby, reports on this issue can not only describe the cases' clinical presentation, diagnostic process, and treatment but also provide important experience and treatment strategies to manage patients with similar conditions. Following are the Case Reports that are published in the General Cardiovascular Medicine Section of the year 2022 (Table 1).


TABLE 1 Metrics (on July 7, 2023) of the articles published in case reports in general cardiovascular medicine: 2022.

[image: Table 1]

–Amiodarone-Induced Multi-Systemic Toxicity Involving the Liver, Lungs, Thyroid, and Eyes: A Case Report (You et al.).

Amiodarone is a widely used anti-arrhythmia drug despite its side effects on various organs. However, cases of simultaneous toxicity of different organs in one patient have been rarely reported. This report describes an original case that multi-systemic amiodarone organ toxicity occurred in high-risk patients. This study provides important information for the diagnosis and treatment of amiodarone toxicity that could be useful for both physicians and researchers, as well as guideline makers in amiodarone administration.

–The Diagnostic Challenge of Eosinophilic Granulomatosis With Polyangiitis Presenting as Acute Eosinophilic Myocarditis: Case Report and Literature Review (Yamamoto et al.).

Eosinophilic granulomatosis with polyangiitis (EGPA) is a rare disease that is typically associated with infection and drug factors. It commonly affects multiple organs in the body and manifests with various discomforting symptoms. EGPA-associated eosinophilic myocarditis is rare but can lead to death if left untreated. This report describes a case with this rare disease cured by timely treatment with systemic and oral corticosteroids. The description in this report provides critical clinical features and therapy strategies that can be useful for physicians to identify and treatment of this disease.

–Case Report: Intravascular Ultrasound-guided Intervention for Anastomosis Stenosis of the Left Main Coronary Artery Post-Cabrol Technique (Oh et al.).

This study reports a case of acute myocardial infarction that is successfully treated with intravascular ultrasound (IVUS)-guided percutaneous coronary intervention (PCI). This is the first report that combined PVCI with virtual IVUS. The observations in this paper provide important information for physicians about how to evaluate plaque composition and conduct PCI in patients with chronic inflammatory diseases like Behçet's disease.

–Aortic Coarctation Associated With Hypertrophic Cardiomyopathy in a Woman With Hypertension and Syncope: A Case Report With 8-Year Follow-Up (Yang et al.).

Coarctation of the aorta (CoA) and hypertrophic cardiomyopathy (HCM) are two irrelevant cardiovascular diseases (1). This report describes a diagnosis, management, and 8-year follow-up in a patient with the co-existence of CoA and HCM. This is the first case that reports the concurrent presence of CoA and HCM in one patient. This report suggests that, albeit with low probability, CoA and HCM may co-exist in one patient, physicians should keep an eye on CoA in young hypertensive patients.

–Case report: Myocarditis following COVID-19 protein subunit vaccination (Dong et al.).

This study reports a case of myocarditis following ZF2001 vaccination in a female patient. This report describes the patient's clinical symptoms and immunohistochemical characteristics of heart sections. Though some patients with myocarditis following COVID-19 vaccination were vaccinated types of vaccines have been reported. Limited knowledge has been known about the association between vaccination and myocarditis in subunit vaccines against COVID-19. The report here suggests that physicians should consider the potential link between vaccination and myocarditis in clinical diagnosis. Also, investigating the specific mechanism underlying myocarditis after vaccination should be significant to guild the development of a new generation of subunit vaccines.

–Case report: Aggressive progression of acute heart failure due to juvenile tuberculosis-associated Takayasu arteritis with aortic stenosis and thrombosis (Xuan et al.).

Takayasu arteritis (TA) is a chronic granulomatous vasculitis of unknown pathophysiological mechanisms. The report describes a case of tuberculosis-associated TA who fail to survive after surgery. In this paper, the authors share their clinical experience in the diagnosis of TA and what they could learn from the case. The information provides in this paper can offer important knowledge for physicians to timely diagnose TA at an early stage with few typical features.

–Case report: Changes in the levels of stress hormones during Takotsubo syndrome (Ruiz et al.). Inverted Takotsubo Syndrome With HELLP Syndrome: A Case Report (Gabarre et al.).

Takotsubo syndrome is a sudden, transient, acute episode of left ventricular dysfunction, usually triggered by physical or emotional stress (2). These two reports describe an unusual case of Takotsubo syndrome which is accompanied by HELLP syndrome in a postpartum woman after spontaneous vaginal delivery. These studies provide indicative information for physicians that, in addition to non-invasive cardiac imaging, detecting circulating cortisol and cardiac biomarkers can be a useful complement strategy to diagnose Takotsubo syndrome. Further efforts are also warranted for researchers to identify more cardiac biomarkers in assisting the diagnosis of this disease.

–Decisive diagnostic clue for infectious abdominal aortic aneurysm caused by Arthrobacter russicus in a diabetic elderly woman with renal dysfunction: A case report and literature review (Yamamoto et al.).

Infectious aortic aneurysm (IAA) is a rare but serious infectious inflammatory disease of the aortic wall with high mortality. This report describes a case of IAA caused by Arthrobacter russicus that is successfully treated with a combination of surgery and long-term antimicrobial therapy. Arthrobacter russicus is identified as a potential causative microorganism by using 16S rRNA sequencing. This paper indicates that a molecular diagnosis is important for identifying the causative microorganism, in particular in cases of Gram staining and tissue culture-negative IAA.

–Disrupting arrhythmia in a professional male wrestler athlete after rapid weight loss and high-intensity training—Case report (Milovančev et al.).

It is well-known that physical exercise can induce physiological cardiac adaptions and benefit cardiovascular health (3, 4). However, in some cases, physiological heart adaptations may lead to increased susceptibility to arrhythmia in athletes. In this paper, the authors report a case of a wrestler athlete who developed disrupting arrhythmia during rapid weight loss and high-intensity training. This report provides useful information for athletes' physicians that precise intensive training prescriptions for individuals should be given by cardiovascular screening.

–Myocardial infarction with non-obstructive coronary arteries in a patient double-seropositive for anti-glomerular basement membrane and anti-neutrophil cytoplasmic antibodies: A case report (Krall et al.).

Anti-neutrophil cytoplasm antibody (ANCA)-associated vasculitides (AAV) and anti-glomerular basement membrane (GBM) disease are rare diseases with high mortality. This report describes a myocardial infarction with non-obstructive coronary arteries (MINOCA) patient with double seropositive for anti-ANCA and anti-GBM antibodies. Limited cases have been reported of anti-GBM disease patients with cardiovascular complications. These observations provide important information for physicians that endothelial injury or systemic inflammation patients with double-positive disease might be at higher risk to develop MINOCA. Further in-depth investigations to understand the clear causality and mechanism are required in the future.

–Case Report: Danon Disease: Six Family Members and Literature Review (Wang et al.).

Danon disease is a rare X-linked dominant genetic disorder characterized clinically by hypertrophic cardiomyopathy, skeletal muscle weakness, and intellectual disability (5). This report describes a case of Danon disease and his family members and reviews other relevant literature to discuss the clinical symptoms and possible strategies to treat Danon disease. This study offers critical information for the diagnosis and treatment of this disease.

–Case report: Pulmonary arterial hypertension in ENG-related hereditary hemorrhagic telangiectasia (Liu et al.).

The etiology of pulmonary arterial hypertension (PAH) can stem from various factors and is often multifactorial. It is crucial to implement standardized diagnostic procedures, investigate potential causes, and identify risk factors early on to enhance patient prognosis. In this paper, the authors report a case of hereditary hemorrhagic telangiectasia (HHT) combined with PAH. The clinical presentation, diagnostic process, and treatment of this rare case report provide useful information for physicians to diagnose HHT combined PAH patients. Further studies to better the pathogenesis of PAH in HHT should be of contribution to the timely and accurate diagnosis of this disease.

–Case Report: An Unusual Case of Pheochromocytoma (Liao et al.).

This report describes a female patient with acquired long QT syndrome, which is a rare complication of pheochromocytoma. Limited to the rarity and nonspecific clinical manifestations, diagnosis of pheochromocytoma is difficult. This study provides a successful diagnosis procedure of pheochromocytoma in this reported case and can offer important points for physicians to identify rare causes of common symptoms.

–Case Report: Family Curse: An SCN5A Mutation, c.611C>A, p.A204E Associated With a Family History of Dilated Cardiomyopathy and Arrhythmia (Huang et al.).

This study reports that SCN5A mutation with various dilated cardiomyopathy (DCM) associated gene mutations result in multiple phenotypes in a 3-generation family. By analyzing clinical data and genetic testing, this report suggests that a combination of SCN5A and PRKAG2 mutation can lead to DCM plus multifocal ectopic Purkinje-related premature contractions and PRKAG2 syndrome. This study discusses the possible causality between gene variants and observed clinical phenotype and indicates that gene diagnosis can offer early intervention to help physicians to improve diagnoses of DCM.

–Case report: From monkeypox pharyngitis to myopericarditis and atypical skin lesions (Guerrero et al.).

In this report, the authors describe a case of myopericarditis which is caused by human monkeypox, which is an endemic disease, infection followed by the onset of atypical skin lesions. This paper presents the clinical presentation, and diagnostic experience of this patient and provides antiviral treatment recommendations for physicians.

–Case report: Conquer a complex variant: Coronary-pulmonary artery fistulas, atrial septal defect and bicuspid pulmonary valve, under beating heart surgery (Zhon et al.).

This report describes a rare patient with two coronary artery to pulmonary artery fistula (CPAF) from two branches of the left anterior descending coronary to the main pulmonary artery, coexisting with a bicuspid pulmonary valve and atrial septal defect and treated by on-pump beating-heart surgery (OPBHS). This study discusses the potential origin and reason of this case as well as the clinical advantages of OPBHS. This report is a very complex case that has not yet been previously reported in the literature. This study offers important information for surgeries to treat CPAFs by OPBHS for patients with low surgical risk.

–Case report: Coronavirus Disease 2019 (COVID-19) modified RNA vaccination-induced Adult-Onset Still’s Disease with fulminant myocarditis as initial presentation (Zhou et al.).

Several types of vaccines against the coronavirus disease 2019 (COVID-19). In this paper, the authors report a case of an elderly female who is diagnosed with post-vaccination about Adult-Onset Still's Disease after receiving a modified mRNA vaccine (BNT162b2). Adult-Onset Still's Disease is a rare autoinflammatory disease and potentially life-threatening. The report here describes the clinical presentation and diagnosis of this rare Adult-Onset Still's Disease following mRNA vaccines can provide important knowledge for physicians about this disease.

–Case report: Sudden cardiorespiratory collapse in a healthy male after coronavirus disease 2019 vaccination at a vaccination center (Chan et al.).

This paper reports a case of sudden cardiorespiratory collapse in a healthy young male after receiving the Oxford-AstraZeneca (ChAdOx1 nCoV-19) COVID-19 vaccination. This report addresses the importance of careful medical attention by healthcare providers to avoid possible severe adverse events following COVID-19 vaccination which could be certainly useful for healthcare policymakers, and physicians.

–Multisystem immune-related adverse events due to toripalimab: Two cases-based review (Chen et al.).

Immune checkpoint inhibitors (ICIs) significantly prolong survival in patients with advanced cancer. However, immune-mediated adverse events (irAEs) caused by ICIs pose a major threat to patients' lives. In this paper, the authors report 2 patients with advanced tumors suffering from severe multisystem irAEs following treated with toripalimab (anti-PD-1). This report also reviews the Case reports regarding multisystem irAEs based on myocarditis induced by PD-1 inhibitors. Early detection and diagnosis of multisystem inflammation are critical for the management of patients treated with ICIs. This study can provide important experience and critical information for physicians to manage patients undergoing ICIs treatment.

–A case report and review of literature: Tuberculous pericarditis with pericardial effusion as the only clinical manifestation (Wang et al.).

Tuberculosis (TB) remains a serious public health problem worldwide. In this paper, the authors report a case of a patient with Tuberculous pericarditis (TBP) who is admitted to the hospital with massive pericardial effusion. This patient is examined as negative with all routine laboratory tests for the pericardial effusion of unknown origin. This report provides experience and information for physicians to diagnose and treat percardial effuion patients, in particular to those demonstrated as non-TB causes negative.

–Case report: A novel surgical technique for rapid valve-in-ring implantation into the native aortic annulus during left ventricular assist device implantation (Pya et al.).

Left ventricular assist device (LVAD) implantation is an excellent option for treating end-stage heart failure patients (6). This report describes a novel and feasible surgical technique for performing transcatheter aortic valve replacement in valve-in-ring along with LVAD implantation for the treatment of a male patient suffering from refractory heart failure due to dilated cardiomyopathy and pure aortic insufficiency in need of a new aortic bioprosthesis. This study reports a novel surgical technique that can share treatment experience for cardiologists in aortic valve repair.

–Case report: Severe dry cough associated with superior vena cava syndrome—Caused recurrent chylothorax (Wan).

This case reports a patient with uremia who suffered from severe dry cough. This patient is finally diagnosed with superior vena cava and treated by percutaneous balloon dilatation. Chronic coughs, which may be caused by many diseases, are very common syndrome in the respiratory department outpatient clinic. This paper reports a severe dry cough case caused by superior vena cave occlusion-induced recurrent chylothorax can provide information for physicians to diagnose recurring severe cough patients.

–Multimodal Imaging for Total Anomalous Systemic Venous Drainage Diagnosis and Preoperative Planning: A Case Report and Literature Review (Ding et al.).

Total anomalous systemic venous drainage (TASVD) is a rare congenital heart disease (7). In this case report, the authors report a 40-year-old male patient with TASVD. As a rare heart disease, limited information can be obtained from a literature review about the description of TASVD except Case reports. Diagnosing TASVD would be a difficult task in the medical field, primarily because of the variations observed in individuals and the absence of specific laboratory tests. In general, echocardiography is the first-line examination for TASVD diagnosis. This report provides information for physicians that multimodal imaging (Transthoracic, transesophageal, 3D echocardiography, contrast echocardiography, and computed tomography angiography) can be performed to verify the diagnosis of TASVD.

–Massive pleural effusion following high-power and short-duration radiofrequency ablation for treatment of atrial fibrillation: A case report and review of the literature (He et al.).

Radiofrequency catheter ablation (RFCA) is a non-pharmacological treatment for drug-refractory atrial fibrillations. Postpericardial injury syndrome (PPIS) is defined as pericarditis or pericardial effusion during myocardial infarction or cardiac intervention. It is widely recognized as a common complication of cardiac surgery, with an incidence ranging from 3% to 30%. Different from previously reported PPIS which is most characterized by pericardial effusion, this report describes a case of PPIS that presents pleural effusion as a main feature after the operation. This case report also systematically reviews the clinical characteristics of PPIS. The study in this paper provides useful reference information for physicians to timely diagnose a patient with massive pleural effusion alone following RFCA.

–Case report: Delayed cardiac rupture with congenital absence of pericardium after blunt trauma (Shen et al.).

As a rare disease with no specific symptoms and signs, the clinical diagnosis of congenital absence of pericardium (CAP) is very difficult. In this paper, the authors report a case of a patient with CAP and present some atypical features which are different from previously reported literature. The clinical presentation and diagnostic process of this patient should be useful to physicians in the diagnosis and treatment of CAP.

–Case report: Reducing the duration of positive-pressure ventilation for large mediastinal masses (Zhang et al.).

This report describes two high-risk patients with large mediastinal tumors (MMs) during general anesthesia undergoing tumorectomy by thoracotomy. The perioperative management of patients with large MMs is challenging. This study suggests that patients with large MM should receive positive-pressure ventilation following muscle relaxants given, but that cardiothoracic surgeons should immediately transect the sternum to relieve compression. This study provides important information and experiences for physicians to manage patients with large MMs.

–Case report: Metastatic myxoid liposarcoma arising from the right atrium extends as cardiac tamponade—A rare case of atrial oncology (Ramamurthy et al.). Right atrial cardiac lipoma with distinctive imaging characteristics. A rare case report and literature review (Chen et al.).

Cardiac lipomas is rare primary cardiac tumors, many of them do not exhibit obvious features and are difficult to identify. These two reports describe patients presenting a lipomas in the right atrium. In these papers, the authors share their experimence in the diagnosis and treatment of cardiac lipomas can provide useful information for physicians.

–Successful simultaneous stenting of a pulmonary artery and vein in pulmonary vascular stenosis due to silicosis. Case report and literature review (Westhoff et al.).

This report describes a successful stenting of a pulmonary artery and vein in a silicosis-caused pulmonary vascular stenosis patient. In this paper, the authors provide interventional procedure recommendations for this pulmonary vascular stenosis for physicians via clinical symptom presentation and literature review.

–An adult female patient with single atrium and single ventricle undergoing appendectomy: A case report (Wu et al.).

This paper reports an adult female patient with a single atrium and single ventricle undergoing appendectomy. Single atrium and single ventricle is a rare heart disease with very few patients surviving into adulthood. This report describes their associated surgical findings and can share useful experiences for physicians to diagnose patients with similar conditions.

–Acute myocardial infarction after inactivated COVID-19 vaccination: a case report and literature review (Ou et al.).

Many types of vaccines have been developed to restrain the pandemic of COVID-19. This study reports an acute myocardial infarction case following post-COVID-19 vaccination and discusses the potential pathogenesis mechanisms. This study provides clinical experience and recommendations for physicians to manage patients with similar conditions.

–Case report: Aortoesophageal fistula—an extremely rare but life-threatening cardiovascular cause of hematemesis (Wong et al.).

In this paper, the authors report a hematemesis patient with underlying diagnosed esophageal cancer who presents typical aortoesophageal fistula (AEF) clinical features. This report highlights the clinical features and diagnosis process of this extremely rare but life-threatening disease. This paper also provides recommendations for physicians to timely diagnose AEF.

In conclusion, the high-quality clinical case contributions presented in this Research Topic have significantly boosted knowledge, diagnosis, and treatment of cardiovascular disease in complex cases.
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Background: Coarctation of the aorta (CoA) is a common congenital cardiovascular malformation with aortic narrowing in the region of the ligamentum arteriosum. Hypertrophic cardiomyopathy (HCM) is a primary cardiomyopathy that is characterized by left ventricular wall thickening and likely left ventricular outflow tract (LVOT) obstruction. They are two irrelevant diseases, and their coexistence has not been reported before. Here, we described a young female patient who concurrently has CoA and HCM.

Case Presentation: The patient has had hypertension since 18-years old and complained of chest discomfort on effort and fatigue thereafter. Initially, she was diagnosed as having hypertrophic cardiomyopathy and primary hypertension. The presence of CoA was not found until she was 35 years old when she had an onset of paroxysmal supraventricular tachycardia (PSVT) and presented with syncope. Failure of the ablation procedure via the femoral artery revealed the possibility of CoA and PDA that was confirmed by aortic CTA and angiography. CoA was then treated successfully with a covered stent, and the symptoms of the patient improved remarkably. Additionally, the patient had typical imaging features of HCM, and two novel HCM-causing heterozygous mutations were identified by genetic testing, DSP-encoding desmoplakin, and MYBPC3-encoding myosin-binding protein C. The HCM was suspected to be contributing to the clinical presentations of the patient and challenged the timely diagnosis of CoA. The 8-year follow-up on aortic CTA and angiography revealed no stent graft-related complications. Moreover, no changes in HCM-related imaging features were found in the follow-up echocardiography 8 years after the correction of aortic coarctation, which strengthened the diagnosis of HCM.

Conclusion: Here, we reported the diagnostic challenges, management, and 8-yeasr follow-up findings in a rare case of CoA combined with HCM. The case highlighted the importance for physicians to exclude CoA in young hypertensive patients, and proved the efficacy of stent repair in treating CoA in older patients.

Keywords: aortic aoarctation, hypertrophic cardiomyopathy, hypertension, genetic variant, stent repair


INTRODUCTION

Aortic aoarctation (CoA) represents a spectrum of aortic narrowing that varies from discrete narrowing of thoracic aorta to tubular hypoplasia. Hypertrophic cardiomyopathy (HCM) is defined by the presence of increased wall thickness (usually ≥ 15 mm) in one or more left ventricular myocardial segments and is considered primary cardiomyopathy after exclusion of other cardiac conditions or systemic diseases. In up to 60% of cases, HCM is an autosomal-dominant genetic trait caused by variants of cardiac sarcomere protein genes (1). CoA is a common congenital heart disease, and its prognosis is poor if untreated (2). Clinically, these two anomalies are irrelevant and rarely coexist.

Here, we described the diagnostic challenges, clinical course, imaging studies, management, and 8-year follow-up in an adult female patient who has concurrent presence of CoA and HCM. Patent ductus arteriosus (PDA) and paroxysmal supraventricular tachycardia (PSVT) were also present, which complicated further the clinical features of the patient. Exome sequencing was performed to investigate genetic involvement in the patient. As a result, two likely novel heterozygous HCM-causing mutations in DSP and MYBPC3 genes were identified.



CASE PRESENTATION

A 35-year-old woman presented to our hospital because of repeated episodes of transitory amaurosis and presyncope during the last 3 months. These episodes were often preceded by a short period of palpitation. She also complained of chest discomfort on effort, and she quitted her work as a warehouse manager because of marked fatigue. She had a 17-year history of hypertension and took long-acting nifedipine everyday. She had a 12-year history of mild chest discomfort, and she had been diagnosed as having hypertrophic cardiomyopathy in a local hospital. She also suffered from systemic lupus erythematosus and has been taking oral glucocorticoid for 7 years. She had no family history of hypertension, cardiovascular diseases, or sudden death. The patient had normal vital signs upon admission. Blood pressure (right upper arm) was 135/75 mmHg. There was a systolic murmur at the left sternal border and in second to third intercostal spaces. No other remarkable abnormalities were found during regular physical examination. EKG showed sinus rhythm with right bundle branch block (RBBB) and T wave inversion in precordial, I, and aVL leads.

Transthoracic echocardiography (TTE) demonstrated asymmetric left ventricular (LV) hypertrophy with abnormal systolic anterior motion (SAM) of the anterior mitral valve leaflet and obstruction of left ventricular outflow tract (LVOT) (Figures 1A,B). There was no critical valvular disease, and systolic function of the left ventricle was normal. Cardiac MRI showed a finding of asymmetric left ventricular hypertrophy as TTE (Figures 1E,F).


[image: Figure 1]
FIGURE 1. (A) Transthoracic echocardiography (TTE) showed remarkably asymmetric left ventricular (LV) hypertrophy with 23-mm thickness of the interventricular septum and 10-mm thickness of the posterior wall. (B) Pressure gradient of the left ventricular outflow tract (LVOT) was 44 mmHg after dobutamine infusion at a speed of 45 ug/ml. Follow-up TTE 8 years after CoA correction showed similar LV hypertrophy as before intervention (C) and flow velocity at the descending aorta was 2.9 m/s (D). Cardiac magnetic resonance imaging (MRI) showed asymmetric LV hypertrophy in (E) apical 4 chamber view and (F) short-axis view. (G) Twelve-lead echocardiogram (EKG) showed supraventricular tachycardia with right bundle branch block (RBBB) at a heart rate of 190 bpm. Holter monitor (H,I) revealed non-sustained ventricular tachycardia (black line in H), supraventricular tachycardia with RBBB (black triangle in H), and premature ventricular beats (black line in I).


On the second day of admission, the patient had an acute episode of palpitation associated with light-headedness. EKG showed supraventricular tachycardia with RBBB (Figure 1G). Electrophysiology study revealed atrioventricular reentrant tachycardia using the left-sided concealed accessory pathway. Catheter ablation procedure was then performed. Surprisingly, via the right femoral artery the ablation catheter was failed to access the left heart but the right ventricle, showing left bundle branch block in EKG by stimulation. The ablation procedure was discontinued, and aortic angiography was performed instead. Advancement of the angiographic catheter was blocked at the proximal end of descending aorta, while the wire could be delivered to the right ventricle. Angiography performed on the descending aorta could disclose pulmonary artery rather than aortic arch and ascending aorta.

Coarctation of the aorta (CoA) and PDA were suspected and then confirmed by CT angiography (CTA) of the aorta. The descending aorta was remarkably narrowed at the isthmus by approximately 2 cm past the left subclavian artery (Figures 2A,B). The innominate artery and the left subclavian artery were dilated with extensive collateral circulation arising from those arteries (Figure 2B). A small vessel, immediately distal to the aortic obstruction, was found to be connecting the descending aorta and the pulmonary artery (Figure 2A), confirming the presence of PDA. Blood pressure was measured again, and a pressure gradient of 50 mmHg was noted between the upper and lower extremities. Holter monitor results showed frequent premature ventricular beats (Figure 1I), non-sustained ventricular tachycardia and supraventricular tachycardia (Figure 1H) that had the same morphology as the one captured by 12-lead EKG (Figure 1G).


[image: Figure 2]
FIGURE 2. CT angiography (CTA) of the aorta (A) showed marked narrowing in the isthmic region of the descending aorta (white block arrow) and patent ductus arteriosus (PDA) (white arrow) connecting the aorta and the pulmonary artery. Dilatation of the innominate artery and the left subclavian artery (white block arrows), and extensive collateral circulation (white arrows) were shown in (B). Follow-up CTA of the aorta 8 years after stent repair showed reduced collateral circulation (C, white arrows), and the PDA is not shown (C, asterisk). Aortic angiography showed remarkable isthmic coarctation of the aorta with dilated innominate artery and left subclavian artery (D) and exuberant collateral circulation (E). Pressure gradient between the proximal and distal ends to the aortic obstruction was 74 mmHg (H). The descending aorta, after placement of stent, was shown (F) with equalization of pressure at the proximal and distal ends of the descending aorta (I). Repeated aortic angiography at 8-year follow-up showed patency of the covered stent and reduction in collateral circulation (G), and no pressure gradient was found, 177/90 mmHg at the proximal vs. 174/92 mmHg at the distal end of descending aorta, respectively (J).


The catheter ablation procedure was performed again thereafter. An ablation catheter was delivered to the right atrium via the right femoral vein and advanced to the left side of the heart by trans-septal puncture. By this way, ablation was completed successfully.

After ablation, the patient had no episodes of presyncope and paroxysmal palpitation. However, she still felt chest discomfort on effort and marked fatigue, and could not go back to work. One month later, she was readmitted to our hospital, and balloon angioplasty with stenting was performed. A catheter was delivered to the root of the aorta via the right brachial artery. Angiography of the root of the aorta showed narrowing of the aortic isthmus (Figure 2D) and marked collateral circulation (Figure 2E). Pressure was 200/100 mmHg at the proximal end of the descending aorta to the obstruction and 124/90 mmHg at the distal end to the obstruction (Figure 2H). After balloon dilatation, the covered endovascular stent was placed at the aortic isthmus, and PDA was blocked by the stent concomitantly (Figure 2F). Aortic pressures were equalized at the proximal and distal ends of the descending aorta (Figure 2I). The symptoms of the patient of chest discomfort and fatigue were relieved remarkably after reconstruction. Her blood pressure was below 120/80 mmHg with metoprolol succinate (95 mg/day) that was given to treat premature ventricular beats and ventricular tachycardia and HCM. The patient went back to work one month later after successful repair of CoA. She remained normotensive and was doing well thereafter. On 8-year follow-up, aortic CTA and angiography were repeated, which showed patency of the covered stent (Figures 2C,G), and no pressure gradient was detected at the proximal and distal ends of the descending aorta (Figure 2J). Pressure was 177/90 mmHg at the proximal end and 174/92 mmHg at the distal end of the descending aorta, respectively (Figure 2J). Aortic CTA showed reduced collateral circulation and disappearance of PDA compared to before the stent treatment (Figure 2C). Moreover, repeated TTE on 8-year follow-up showed similar HCM-related imaging features as before the stent treatment, such as similarly thickened interventricular septum (Figure 1C), and flow velocity in the descending aorta was around 2.9 m/s (Figure 1D).

We performed whole exome sequencing with high depth (>100-fold coverage) by next-generation sequencing and then validation by Sanger sequencing to identify genetic involvement in the causation of the disease. After filtering intron variants, synonymous variants, and minor allele frequency >0.005 variants in the dbSNP database, variants in the ESP database, nonpathogenic variants in the ClinVar database, and in silico functional predicting, we identified two likely novel heterozygous HCM-causing mutations, DSP (p.Val520Met, c.1558G>A) (SIFT = 0.05; PolyPhen-2 = 1) and MYBPC3 (p.Tyr525Ser, c.1574A>C) (SIFT = 0; PolyPhen-2 = 0.976) (Figure 3) according to the guideline (3). Except for these mutations, we detected no other likely pathogenic mutation in all cardiomyopathy-related genes. Notably, these mutations are located in evolutionary highly conservative areas across multiple species (phylop = 2.6 and 1.94, respectively). Furthermore, the following Sanger sequencing demonstrated that they did not exist in the 500 unrelated ethnically matched healthy controls.


[image: Figure 3]
FIGURE 3. Results of sequencing quality and mutation identification. Two likely novel heterozygous hypertrophic cardiomyopathy (HCM)-causing mutations were identified, DSP (p.Val520Met, c.1558G>A) (SIFT = 0.05; PolyPhen-2 = 1) and MYBPC3 (p.Tyr525Ser, c.1574A>C) (SIFT = 0; PolyPhen-2 = 0.976).




DISCUSSION

Coarctation of the aorta (CoA) and HCM are two irrelevant cardiac malformations according to anatomy and pathophysiology. These anomalies have not been reported to concurrently exist in the same case. In this case, the clinical features of the patient were complex, and the diagnosis was challenging because of the concurrent presence of CoA and HCM. In addition, PDA and atrioventricular reentrant tachycardia by the accessory pathway were present in the same case, which further complicated the clinical manifestation of the patient. CoA is a common lesion in congenital heart diseases (CHDs), accounting for 6–8% of live births with CHD (4). It can be associated with other congenital defects, such as bicuspid aortic valve, subaortic stenosis, ventricular septal defect, and PDA (5). In this case, CoA was associated with PDA. CoA in adults usually comes to medical attention because of arterial hypertension. The 2008 ACC/AHA guidelines for adults with CHD recommended that every patient with hypertension should have the brachial and femoral pulses palpated to search for “brachial-femoral delay” of CoA, and that blood pressure should be measured in both bilateral arms and legs to search for pressure difference (5). Discrepant blood pressures or pulses between the upper- and lower-extremities are an important sign of CoA. In this case, HCM was diagnosed first by echo during early years of presentation, and the detection of CoA and PDA was delayed until the onset of PSVT. Failure of the ablation procedure for PSVT via the femoral artery made the suspicion of CoA and PDA accidently and the following aortic CTA confirmed the diagnosis. Reasons for the delayed diagnosis of CoA in this case include: (1) Presence of HCM complicated the clinical features of the patient, it could explain the patient's presentations as chest discomfort and the murmur on heart auscultation, and made the providers fail to search other possible etiologies; (2) The patient presented with hypertension in 18-years old, but etiology was not fully explored. Blood pressure was only measured in the arms but not in the ankles or legs. Pulse discrepancy between the arms and legs was also ignored; and (3) the initial echo did not include a suprasternal notch view that should reveal high-velocity flow in the descending aorta if done and provide diagnostic clues of CoA.

The prognosis of CoA was poor if untreated, with an average survival age of 35 years and 75% mortality at 46 years of age (2). Therefore, CoA should be diagnosed and treated early in life. Other than treating hypertension, intervention or correction of coarctation should be performed in selected patients. Indications for intervention in adult patients with CoA by the 2008 ACC/AHA guidelines are: (1) peak-to-peak coarctation gradient ≥ 20 mg; which is the difference in peak pressure proximal and beyond the narrowed segment; (2) peak-to-peak coarctation gradient <20 mg with imaging evidence of significant coarctation and radiologic evidence of significant collateral flow (5). So far, there has been no consensus on the choice of surgical repair or percutaneous interventions in older patients. A recent study showed that stent repair of coarctation of the aorta was a safe and feasible alternative to surgical correction (6). For this patient, angioplasty and stenting were performed. Adequate dilatation of the region was achieved, and a covered stent was placed with equalization of pressures in the proximal and distal descending aorta and closure of PDA. After the procedure, the patient was free of major symptoms during the 8-year follow-up and remained normotensive with 95 mg of metoprolol succinate per day. Repeated aortic CTA and angiography after 8 years confirmed persistent patency of the stent graft and revealed no stent-related complications. The clinical and imaging findings of long-term follow-up demonstrated the efficacy of stent repair in treating CoA in older patients.

Hypertrophic cardiomyopathy (HCM) is defined by unexplained cardiac hypertrophy and should be considered only after exclusion of other cardiac or systemic diseases. In this case, increased afterload by CoA and hypertension may also cause LV hypertrophy, and the diagnosis of HCM was questionable. However, in the follow-up, when the CoA of the patient was effectively corrected and her blood pressure was also maintained in the normal range for 8 years, repeated TTE still showed a similar significant LV hypertrophy as before the stent treatment. These follow-up imaging data provide strong evidence supporting the presence of HCM.

Genetic variants in genes that encode different components of cardiac sarcomere protein could explain HCM in up to 60% cases (1). We performed genetic testing in this case and identified a novel mutation in gene-encoding myosin-binding protein C (MYBPC3). MYBPC3 and beta-myosin heavy chain (MYH7) are two large genes accounting for the majority of sarcomere protein gene mutations in HCM (7). Other than MYBPC3, we identified another novel mutation in the DSP gene. DSP makes a protein called desmoplakin that is a crucial component of desmosome structures in cardiac muscle cells. DSP gene mutations have been reported to play a role in arrhythmogenic right ventricular cardiomyopathy, dilated cardiomyopathy, and restrictive cardiomyopathy, but they can present with HCM and atrioventricular block (8, 9). We speculated that mutations in MYBP3 and DSP are contributory to HCM and likely arrhythmias in the patient.



CONCLUSION

Here, we reported a rare case of CoA combined with HCM in a 35-year-old woman and discussed the diagnostic challenge, management, and long-term (8 years) follow-up results. The case again highlights that CoA is a rare but important etiology in young hypertensive patients. Moreover, percutaneous interventions such as stent repair are effective treatments of CoA in older patients, as proved by the long-term follow-up aortic CTA and angiography in this case.
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Objectives: Amiodarone is widely used to treat arrhythmia. However, amiodarone is known for its severe toxicity to the liver, lungs, and thyroid. Amiodarone causes liver damage ranging from asymptomatic serum aminotransferase elevation to hepatic failure requiring liver transplantation. Although amiodarone toxicity has been reported, its simultaneous multi-organ toxicity is not well-known. Here, we introduce a novel case of multi-systemic amiodarone toxicity involving the liver, lungs, thyroid, and eyes.

Case Presentation: A 61-year-old woman visited the emergency room due to general weakness, nausea, visual disturbance, heat intolerance, and a non-productive cough. The patient had been using clopidogrel and amiodarone due to underlying atrial fibrillation. The total level of bilirubin was 0.71 mg/dL, aspartate aminotransferase was 358 U/L, alanine aminotransferase was 177 U/L, and prothrombin time was 27.1 s. Computed tomography showed diffuse increased liver intensity and scattered hyperattenuated nodular consolidations in both lungs. Transthoracic needle lung biopsy revealed fibrinoid interstitial inflammation with atypical change of type II pneumocytes and intra-alveolar foamy macrophages. In addition, the thyroid-stimulating hormone level was <0.008 μIU/mL, and free thyroxine was 4.67 ng/dL. The thyroid scan showed diffuse homogenous intake of technetium-99 m pertechnetate in both thyroid lobes. The ophthalmologic exam detected bilateral symmetrical corneal deposits in a vortex pattern. With these findings, we could diagnose amiodarone-induced hepatic, pulmonary, thyroid, and ophthalmologic toxicity. Liver function was restored after cessation of amiodarone, and thyroid function was normalized with methimazole administration. However, due to aggravated lung consolidations, systemic steroid treatment was administered, and improvement was seen 1 week after, at the follow-up exam. As her symptoms improved, she was discharged with a plan of steroid administration for 3 to 6 months.

Conclusions: This case implies the possibility of multi-systemic amiodarone toxicity. Thus, the toxicity of amiodarone to multiple organs must be monitored. Prompt cessation of the drug should be considered upon diagnosis.

Keywords: amiodarone, toxicity, liver, lung, thyroid


INTRODUCTION

Amiodarone is an iodine-containing benzofuran derivative classified as a class III antiarrhythmic drug. It is clinically used for the treatment of tachyarrhythmias, including atrial fibrillation and reentrant tachyarrhythmias (1), which is one of the most prevalent types of arrhythmia (2). However, with the increasing use of amiodarone, there have been reports of side effects to various organs, including the lungs, liver, heart, thyroid gland, eyes, skin, and the nervous system (3).

Overall incidence of adverse effects can range from 30 to 90%, and serious side effects can take place in 10 to 26% of patients (1). Pulmonary toxicity is one of the fatal adverse effects of amiodarone, with mortality estimated between 1 and 33% and incidence of approximately 10% shown in previous studies (4). Patients with amiodarone-induced pulmonary toxicity usually present with dyspnea, non-productive cough, malaise, fever, and pleuritic chest pain (5). The most fatal manifestation of pulmonary toxicity is a rapidly progressing diffuse pneumonitis with acute respiratory distress requiring mechanical ventilation with mortality as high as 50 to 100% (6).

About 24% of patients taking amiodarone showed asymptomatic elevations of serum aminotransferase levels (7). Less than 1% of patients in various studies reported developing significant drug-induced liver injury ranging from symptomatic hepatitis and micronodular liver cirrhosis to hepatic failure requiring liver transplantation (8–14).

In addition, about 14–18% of patients taking amiodarone for a long period showed thyroid dysfunction, including hypothyroidism and thyrotoxicosis (15). However, a third of Korean patients developed thyroid dysfunction, and most cases involved hypothyroidism (16). Patients with amiodarone-induced hypothyroidism usually present with fatigue, cold intolerance, and dry skin, similar to symptoms of classic hypothyroidism (17).

The most typical symptom of amiodarone-induced ocular toxicity is corneal microdeposits, 98% of which are found after 2 months of treatment (18). Asymptomatic corneal changes are observed in 50–60% of patients, and visual disturbance is rarely reported (19).

Although much is known about amiodarone toxicity, cases of simultaneous toxicity in various organs have rarely been reported. Here, we present a novel case of multi-systemic amiodarone toxicity, involving the liver, lungs, thyroid, and eyes.



CASE REPORT

A 61-year-old woman visited the emergency room due to general weakness, nausea, visual disturbance, heat intolerance, and a non-productive cough with dyspnea, which had persisted between 3 and 6 months. The patient had underlying ischemic heart disease and paroxysmal atrial fibrillation, for which she was being treated with clopidogrel, pitavastatin, valsartan, rivaroxaban, nicorandil, diltiazem, furosemide, and amiodarone. More specifically, amiodarone was prescribed for 34 months at an initial dose of 200 mg/day for 11 months, and then due to intermittent chest discomfort with palpitation, her cardiologist increased the maintenance dose to 400 mg/day for the next 23 months. The patient was not taking any other medications, including herbal agents, and did not have a history of alcohol consumption.

The laboratory workup showed that the level of the total bilirubin was 0.71 mg/dL (reference range, 0.22–1.3), the aspartate aminotransferase level was 358 U/L (reference range, 10–37), the alanine aminotransferase level was 177 U/L (reference range, 10–37), and the prothrombin time was 1.90 International Normalized Ratio (INR) (reference range, 0.8–1.2). Enhanced computed tomography (CT) showed diffusely increased liver intensity and scattered hyper attenuated nodular consolidations in the subpleural areas of both lungs (Figures 1A,B). To evaluate the possibility of malignancy, positron emission tomography–CT (PET–CT) was performed, and multiple hypermetabolic lesions (maximal standardized uptake values 7.3, Figure 1C) were examined. To confirm the diagnosis of the lung lesions, transthoracic needle biopsy was performed, and the pathologic examination showed fibrinoid interstitial inflammation with atypical change of type II pneumocytes and intra-alveolar foamy macrophages (Figure 2). Using both the CT and biopsy findings, we could diagnose the amiodarone-induced hepatic and pulmonary toxicity.


[image: Figure 1]
FIGURE 1. Radiologic findings of the abdominal cavity and the chest. (A,B) Initial computed tomography scan of the abdominal cavity and the chest. This scan shows diffuse increased liver intensity [(A), orange circle] and scattered hyperattenuation nodular consolidations in the subpleural areas of both lungs [(B), orange line]. (C) Fluorodeoxyglucose positron emission tomography–computed tomography scan of the whole body showing about 4.8 cm hypermetabolic lesion in the left lung field (maximal standardized uptake, 7.3).



[image: Figure 2]
FIGURE 2. Pathologic examination of the lung via trans-thoracic needle biopsy showing amiodarone-induced lung toxicity. (A) Chronic interstitial pneumonitis and interstitial fibrosis and focal fibrinoid necrosis. (B) Accumulation of foamy macrophages within alveolar spaces.


Further, to assess the possibility of amiodarone-induced thyroid dysfunction, we examined thyroid function tests. The thyroid-stimulating hormone level was less than 0.008 uIU/mL (reference range, 0.55–4.78), free thyroxine was 4.67 ng/dL (reference range, 0.89–1.76), triiodothyronine was 1.27 ng/mL (reference range, 0.6–1.81), thyroid binding inhibitor immunoglobulin (TBII) was 18.3 IU/L (reference range, 0–1.5), anti-microsome antibody was 139.0 U/mL (reference range, 0–60), and anti-thyroglobulin antibody was 125 U/L (reference range, 0–60). The PET–CT scan of the thyroid showed no metabolic lesion (Figure 3A). The thyroid scan (technetium-99 m pertechnetate scintigraphy) showed diffuse homogenous intake of technetium-99 m pertechnetate in both thyroid lobes (Figure 3B). Anti-microsomal antibody and anti-thyroglobulin antibody may be detected in Graves' disease (anti-microsomal antibody: 69.2%, anti-thyroglobulin antibody: 23–30%) (20); furthermore, with the results of TBII and the thyroid scan results, we diagnosed our patient as having type 1 amiodarone-induced thyrotoxicosis, a form of iodine-induced hyperthyroidism caused by excessive, uncontrolled biosynthesis of thyroid hormone by autonomously functioning thyroid tissue in response to iodine load, which typically develops in underlying latent Graves' disease (21). After consultation with the endocrinology department, methimazole (20 mg for 17 days followed by 5 mg/d) was used as treatment to manage excessive thyroid hormone synthesis.


[image: Figure 3]
FIGURE 3. FDG PET–CT, Thyroid scan and ophthalmologic exam. (A) FDG PET–CT scans of the whole body (A−1) and the thyroid (A−2) showing multiple hypermetabolic lesion in both lungs and no metabolic lesion in other organ including the thyroid. (B) Thyroid scan (technetium-99 m pertechnetate scintigraphy) presenting diffuse homogenous intake of technetium-99 m pertechnetate in both thyroid lobes. (C) Slit-lamp biomicroscopy showing numerous dense gray granular lines forming vortex patterns radiating from a median point at the junction of the middle and lower thirds of the cornea. FDG, fluorodeoxyglucose; PET–CT, positron emission tomography–computed tomography.


The patient persistently complained of blurred vision, and the ophthalmologic exam detected bilateral symmetrical corneal deposits in a vortex pattern (Figure 3C), which was compatible with amiodarone-induced vortex keratopathy.

As amiodarone toxicity was considered as the possible cause of disease, amiodarone was discontinued from the first day of admission. As there was neither extensive lung involvement nor hypoxemia, steroid treatment was not immediately initiated. However, serial follow-up chest CT scans showed aggravation of previous lung lesions. After exclusion of lung malignancy via transthoracic needle biopsy, we decided on treatment with a systemic steroid regimen (methylprednisolone 40 mg) for pulmonary toxicity from day 29 of hospitalization. After 1 week of steroid medication, a follow-up CT showed an overall decreased extent of high attenuated subpleural mass-like consolidations and small nodules in both upper lung fields and the right middle lobe, suggesting an improved state of R/O amiodarone-induced pulmonary toxicity. After 4 months of steroid medication, a follow-up CT showed resolution of previous lung consolidations (Figure 4A). The laboratory examination showed that both aspartate aminotransferase and alanine aminotransferase levels were within the normal range after cessation of amiodarone for 1 month without any treatment (Figure 4B). Free thyroxine and thyroid-stimulating hormone were within the normal range after 6 weeks of methimazole medication (Figure 4C). The patient recovered from her general weakness, cough, and hand tremor 1 month after amiodarone cessation and was discharged after most of the symptoms were resolved.


[image: Figure 4]
FIGURE 4. Hospital course of the patient. (A) Timeline of chest CT scans and resolution of lung lesions with systemic steroid therapy. (B) Course of AST, ALT, and PT. (C) Course of free T4 and T3. AST, aspartate aminotransferase; ALT, alanine aminotransferase; HD, hospital day; INR, international normalized ratio; PT, prothrombin time; TSH, thyroid-stimulating hormone; T4, thyroxine; T3, triiodothyronine.




DISCUSSION

To the best of our knowledge, this is the first report demonstrating multi-systemic toxicity, involving four vital organs, induced by amiodarone. Amiodarone is a widely prescribed antiarrhythmic drug used to treat tachyarrhythmias, including atrial fibrillation and reentrant tachyarrhythmias of the accessory pathways. Amiodarone principally acts through multiple mechanisms, such as depressing the sinus and atrioventricular nodes and prolonging repolarization and refractoriness in the myocardium.

Amiodarone is a lipophilic drug, which accumulates mainly in adipose tissue and organs with high blood perfusion, such as the liver, lungs, and skin. Its long-term use leads to numerous adverse reactions, including photosensitivity, hypothyroidism, hyperthyroidism, hepatic dysfunction, bone marrow suppression, corneal microdeposits, and neuromotor defects (3). Due to its long biological half-life ranging up to 100 days, the drug activity may last more than 3 to 4 months after discontinuation (1).

Hepatotoxicity is a relatively uncommon adverse reaction to amiodarone. Amiodarone induces histological findings similar to alcohol-induced steatohepatitis, so differential diagnosis from alcoholic liver disease should be considered. Pathologic findings include macro- and microvesicular steatosis, Mallory bodies, polymorphonuclear leukocyte infiltration, ballooning degeneration of hepatocytes and phospholipidosis (22). The possible reason for hepatotoxicity is amiodarone, as its principal metabolite, desethylamidoarone induces production of reactive oxygen species and leads to hepatic triglyceride accumulation and microvesicular steatosis in hepatocytes (23). Pulmonary toxicity, an uncommon but serious adverse effect of amiodarone, reveals various patterns of lung involvement, including chronic interstitial pneumonia, bronchiolitis with or without organizing pneumonia, acute respiratory distress syndrome, diffuse alveolar hemorrhage, pleural effusion, and pulmonary nodules or masses. Especially, pulmonary mass and pulmonary nodules can mimic lung malignancy (24). The mechanism underlying the development of nodular pulmonary disease may be the inflammatory response to the accumulation of phospholipids in alveolar cells induced by the drug (25). Corticosteroid therapy should be considered in patients showing extensive lung involvement in imaging or those that develop hypoxemia, with a starting dose of 40 to 60 mg/day of prednisolone (26, 27). Due to the structural similarity between amiodarone and thyroid hormones, amiodarone causes thyroid dysfunction due to excessive iodine overload or due to its direct cytotoxicity to the thyroid gland (28). Amiodarone can induce both hypothyroidism and hyperthyroidism. The incidence of amiodarone-induced thyrotoxicosis is 2 to 10%, and it more commonly develops in areas of the world where iodine deficiency is common (29). The type of thyroid dysfunction caused by amiodarone treatment may depend on the presence of underlying thyroid disease or dietary iodine content (30). Moreover, amiodarone leads to drug-induced lipidosis, which leads to typical side-effects in the eyes, such as vortex keratopathy (31). Although the most common findings are corneal and lens opacities, optic neuropathy has also been reported (32). There have been reports of amiodarone toxicity to one or two vital organs. Cho et al. (33) reported a case of a 65-year-old man with amiodarone-induced hepatitis and hypothyroidism. Turk et al. (34) also reported a case of a 54-year-old female with amiodarone toxicity to the skin, thyroid, and eyes.

In this study, we observed multi-systemic amiodarone toxicity involving the liver, lungs, thyroid, and eyes. The main mechanism of amiodarone-induced toxicity is known as direct cytotoxicity and immunologic reaction. Patients who have received a daily dose of 400 mg or more for more than 2 months or a lower dose for more than 2 years are considered at high risk (26). Our patient can be considered as high-risk, as she was on 400 mg/day amiodarone for nearly 2 years. The long duration and high dosage of amiodarone were combined with treatment that may interact pharmacologically with amiodarone metabolism. First of all, she had been taking a statin concurrently with amiodarone for 3 years. Many studies have reported an interaction between statins and amiodarone as the potential cause of hepatotoxicity due to inhibition of the mitochondrial enzyme CYP3A4, which metabolizes statins, by amiodarone (35–38). Additionally, the patient in this study took diltiazem, a recognized CYP3A4 inhibitor that may have jeopardized amiodarone metabolism. Furthermore, our patient showed significant improvement of lung lesions with the use of systemic steroid therapy, suggesting the usefulness of corticosteroids in extensive lung involvement, as reported in previous studies (26, 27).

Our study has some limitations. First, although our report indicates multi-systemic amiodarone toxicity, the number of cases examined was very small. Second, the precise mechanism of amiodarone toxicity to multiple vital organs is not clearly verified. Lastly, the drug interactions associated with amiodarone metabolism, which may be the cause of amiodarone toxicity in our patient, had not been thoroughly examined. Further studies are warranted to elucidate the mechanism of multi-organ toxicity and classify high-risk patients to prevent amiodarone-induced toxicity.

In conclusion, this case indicates that multi-systemic amiodarone organ toxicity is a cause of concern in high-risk patients. Amiodarone toxicity should be considered in patients receiving amiodarone with any new symptoms, because this may involve various organs. A multisystem approach to amiodarone toxicity is important, because adverse events may occur in various organs simultaneously. Guidelines for monitoring adverse events in patients taking amiodarone for a long time must be established. Once diagnosis is determined, amiodarone must be discontinued promptly, and the use of systemic steroids needs to be assessed.
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Case Report: Intravascular Ultrasound-guided Intervention for Anastomosis Stenosis of the Left Main Coronary Artery Post-Cabrol Technique
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Introduction: Some cases of percutaneous coronary intervention (PCI) for the anastomotic site between the Cabrol-type conduit and the left main coronary artery (LMCA) have been reported. Nevertheless, the combination of PCI with a detailed description of lesion appearance using virtual histology-intravascular ultrasound (VH-IVUS) has never been reported. In this study, we present a case of acute myocardial infarction that was successfully treated with intravascular ultrasound (IVUS)-guided PCI for focal stenosis at the anastomotic site, and the plaque composition was studied in detail.

Case Presentation: A 35-year-old Korean male with Behçet's disease was diagnosed with acute myocardial infarction. He had previously undergone three cardiothoracic surgeries including two aortic replacements, followed by modified Bentall operation with a Cabrol-type aortocoronary anastomosis. Coronary angiogram (CAG) showed focal critical stenosis at the anastomosis site between the conduit and the LMCA, and VH-IVUS showed fibrotic plaque with mainly fibrous tissue but without a confluent necrotic core. PCI was performed using a drug-eluting stent (4.5 × 12 mm, SynergyTM, Boston Scientific, Marlborough, MA, USA). Since a repeat CAG and IVUS post-surgery showed an under-expanded stent strut, post-dilation ballooning was additionally performed. Subsequently, the repeat IVUS revealed wellapposed and optimized deployment of the drug-eluting stent with full lesion coverage. Final CAG showed optimal angiographic results. After successful PCI, the patient's anginal symptoms improved dramatically, and he was successfully discharged from our hospital.

Conclusion: This study presents an IVUS-guided PCI case for an anastomotic site between the conduit and the LMCA. It is the first to investigate the characteristics of this lesion through VH-IVUS, which demonstrated the presence of fibrous plaques at the anastomotic site. IVUS radiofrequency data allow for a detailed assessment of plaque composition and provide new insights into the histopathological nature of stenotic lesions at the anastomotic site, especially in patients with chronic inflammatory diseases like Behçet's disease.

Keywords: intravascular ultrasound, percutaneous coronary intervention, aortocoronary graft, acute myocardial infarction, Behçet's disease


INTRODUCTION

Several surgical techniques have been introduced for re-implantation of the native coronary arteries after aortic root replacement. Bentall and De Bono introduced a novel method of direct re-implantation of epicardial coronary arteries into the aortic graft in 1968 (1). However, this procedure has several limitations owing to postoperative complications including anastomotic bleeding or pseudoaneurysm formation. The Cabrol technique, introduced in 1981, includes interposition of an 8- to 10-mm-diameter Dacron graft between the aortic root and the native coronary artery (2). Because the interposed graft attenuates tension at the coronary–aorta anastomosis, the Cabrol technique is beneficial when a scar from any previous surgery inhibits coronary mobilization.

Whereas the Bentall operation has a very low incidence of coronary stenosis, there have been several reports of graft-coronary anastomosis in the Cabrol and Cabrol-related surgical techniques (3–6). In many cases, this complication is mainly treated through percutaneous coronary intervention (PCI). We found 11 reports about PCI of Cabrol conduit–left main coronary artery (LMCA) anastomosis. However, thus far, cases involving the combination of PCI and virtual histology-intravascular ultrasound (VH-IVUS), which provides a detailed description of lesion appearance, have never been reported. Herein, we describe an unusual case of acute myocardial infarction (AMI) that was successfully treated with IVUS-guided PCI for focal stenosis at the anastomotic site, with a detailed assessment of plaque composition.



CASE PRESENTATION

A 35-year-old Korean man visited our hospital with a chief complaint of chest pain (Canadian Cardiovascular Society Grade II). The patient had Behçet's disease and aortic regurgitation, which is one of its cardiovascular manifestations. For Behçet's disease, the patient had received anti-inflammatory medications–sulfasalazine (1,000 mg/day); prednisolone (5 mg/day); and colchicine (0.6 mg/day) with high adherence. In the outpatient clinic, laboratory blood parameters including inflammatory markers (erythrocyte sedimentation rate) were routinely checked, which is illustrated in Figure 1. He underwent three cardiothoracic surgeries: aortic valve (AoV) replacement (in 2006) with a 21-mm St. Jude Medical AoV prosthesis (St. Jude Medical, Inc., St. Paul, MN, USA), aortic root replacement (in 2007) with an Edwards Prima stentless porcine prosthesis (Edwards Lifesciences Corp., Irvine, CA, USA) for AoV detachment, and the modified Bentall procedure (on 7 March 2017, ~4 years ago from the time of presentation) for prosthetic valve failure and moderate aortic regurgitation. During the last surgery, a Cabrol-type aortocoronary anastomosis was performed. Because his anginal symptoms gradually deteriorated, the patient visited our cardiovascular center for diagnosis and management.


[image: Figure 1]
FIGURE 1. Patient's clinical course: the change of inflammatory markers (levels of erythrocyte sedimentation rate).


His vital signs were as follows: temperature, 36.3°C; heart rate, 75 beats/min; respiratory rate, 20 breaths/min; and blood pressure, 110/80 mmHg. A 12-lead electrocardiogram showed normal sinus rhythm with a right bundle branch block. However, the electrocardiogram also revealed ST-segment elevation in aVR and V1, with ST-segment depression in lead I, II, and aVL and precordial leads V4–6, suggesting LMCA occlusion (Supplementary Figure 1). Chest radiography showed mild cardiomegaly and definite evidence of prior median sternotomy and valvular replacement (Supplementary Figure 2). Laboratory tests showed elevated levels of troponin I (0.887 ng/mL; reference: 0–0.050 ng/mL) and pro-brain natriuretic peptide (1,549 pg/mL; reference: 0–300 pg/mL). The patient was administered warfarin, therefore, the prothrombin time–international normalized ratio was estimated to be 1.90. A two-dimensional transthoracic echocardiogram revealed a well-functioning AoV with akinetic movement at the anterior and anteroseptal parts of the myocardium, and a left ventricular ejection fraction of 36.3%. We reviewed the findings of previous coronary computed tomography angiography to obtain detailed anatomical information about the focal stenosis at the anastomotic site between the LMCA and the aortocoronary graft (Figures 2, 3A). Since the patient was diagnosed with non-ST-segment elevation acute coronary syndrome, PCI was performed.


[image: Figure 2]
FIGURE 2. Series of coronary computed tomography angiographies at the preoperative period (A) and the postoperative period (B–D).
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FIGURE 3. (A) CCTA at the postoperative period found a focally narrowed and kinked lesion at the anastomotic site between the Cabrol-type graft and LMCA (a yellowish arrowhead). (B) After a successful PCI, CCTA was evaluated, revealing a stent deployment state between the conduit and LMCA with good patency (yellowish arrowheads). CCTA, coronary computed tomography angiography; LMCA, left main coronary artery; PCI, percutaneous coronary intervention.


Coronary angiography (CAG) was performed through the right femoral artery during cardiac catheterization. Critical stenosis was observed at the anastomotic site between the LMCA and the conduit (Figure 4A; Supplementary Video 1). Right-sided CAG showed no significant stenosis, with collateral flow toward the left coronary artery (Figure 4B; Supplementary Video 2). After a 6F Judkins guiding catheter was engaged at the ostium of the left Cabrol-type composite graft, a 0.014-inch guidewire (Runthrough®, Terumo, Tokyo, Japan) was crossed through the LMCA to the left anterior descending coronary artery. Pre-PCI IVUS was performed using a guidance system (Eagle Eye® Platinum RX Digital IVUS Catheter, Volcano Corporation, Rancho Cordova, CA, USA), and a focally kinked and narrowed lesion with a minimum lumen area of 2.9 mm2 was observed (Figure 5A; Supplementary Video 3). In the VH-IVUS, fibrotic plaque was seen with mainly fibrous tissue but without a confluent necrotic core (Figure 5B; Supplementary Video 4). Thereafter, PCI was performed using a drug-eluting stent (4.5 × 12 mm, SynergyTM, Boston Scientific, Marlborough, MA, USA) (Figure 4C; Supplementary Videos 5 and 6). Immediately after the stent deployment, IVUS demonstrated an under-expanded stent strut with a minimum stent area of 18.4 mm2 (Figure 5C). Repeated CAG showed improved stenosis but under-expanded stent strut (Figure 4D; Supplementary Video 7). For this reason, the lesion was post-dilated using a noncompliant balloon (5.5 × 8 mm, Raiden 3TM, Kaneka Corporation, Osaka, Japan) to mitigate stent under-expansion (Figure 4E; Supplementary Video 8). A repeat IVUS revealed well-apposed and optimized deployment of the drug-eluting stent with full lesion coverage (Figure 5D; Supplementary Video 9). The final CAG also showed optimal angiographic results (Figure 4F; Supplementary Video 10).


[image: Figure 4]
FIGURE 4. (A) Coronary angiogram demonstrates severe post-anastomotic left main coronary artery stenosis (yellow arrowhead) in a patient with Behçet's disease after a previous modified Bentall procedure. (B) Right-selective coronary angiogram shows no significant stenosis. (C) For this stenotic lesion, we used a drug-eluting stent (asterisk) (4.5 × 12 mm, SynergyTM, Boston Scientific, Marlborough, MA, USA). (D,E) The repeated coronary angiogram shows residual stent under-expansion (yellow arrowhead), hence, a non-compliant balloon (asterisk) (5.5 × 8 mm, Raiden 3TM, Kaneka Corporation, Osaka, Japan) was post-dilated. (F) Final coronary angiogram showing an optimal angiographic result (yellow arrowhead).
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FIGURE 5. (A) In a pre-percutaneous coronary intervention intravascular ultrasound, the smallest lumen area as seen, was estimated to be 2.9 mm2 (plaque burden was estimated to be 89.8%). (B) In a virtual histology-intravascular ultrasound study, the fibrotic plaque shows mainly fibrous tissue, but no confluent necrotic core. (C) In a post-percutaneous coronary intervention intravascular ultrasound, the minimum stent area was estimated to be 18.4 mm2. (D) The repeated intravascular ultrasound shows optimized deployment of a drug-eluting stent with the full lesion coverage.


After the PCI procedure, the patient received optimal medical therapy, including dual antiplatelet agents–aspirin (100 mg/day) and clopidogrel (75 mg/day), an oral anticoagulant–warfarin (1 mg/day), a high-intensity statin–rosuvastatin (20 mg/day), a beta-blocker–bisoprolol (2.5 mg/day), and an angiotensin II receptor blocker–valsartan (40 mg/day). The post-PCI coronary computed tomography angiography demonstrated a well-expanded and well-apposed stent strut at the anastomotic site (Figure 3B). His anginal symptoms dramatically improved, and he was successfully discharged from our hospital.



DISCUSSION AND CONCLUSION

Behçet's disease is a multi-systemic illness, mainly manifested as mucocutaneous lesions (oral ulceration, genital ulcer, and other skin lesions), joint symptoms and signs (arthritis and arthralgia), eye lesions, and systemic vasculitis (7, 8). In addition, it may involve a variety of organs including the cardiovascular system (9, 10). Although it is still unclear as to which factor contributed to the development of stenosis at an anastomotic site, we presume that this fibrotic change was due to an aggressive healing process after the surgery, and Behçet's disease particularly contributed to the acceleration of this inflammatory response. Although the patient had received anti-inflammatory agents with good adherence, there would have been existing recurrent inflammatory insults considering the fluctuating levels of inflammatory markers (erythrocyte sedimentation rate), as shown in Figure 1. In other words, repeated inflammatory response toward Behçet's disease would have resulted in the development of fibrous plaques while inhibiting the healing process of the anastomotic site. The present study describes a successful PCI procedure for focal stenosis at an anastomotic site in a patient with Behçet's disease who previously received an aortocoronary graft anastomosed to the LMCA. During the PCI procedure, we evaluated the stenotic characteristics, confirming this fibrous change using VH-IVUS.

In a PubMed search, we found 11 successful PCI cases of anastomotic stenosis or occlusion between the aortocoronary conduit and the LMCA (3–5, 11–18). These results are summarized in Supplementary Table 1. In these studies, all patients were male and had underlying aortic conditions; 9 and 6 patients were diagnosed with AMI and cardiogenic shock, respectively and 9 patients survived. Thus, most cases presented as AMI, as seen in our case, and all patients had severe impairment of myocardial performance, leading to cardiogenic shock. To date, the present study describes an IVUS-guided PCI to the anastomotic site between the graft and the LMCA after a modified Bentall procedure. To our best knowledge, the present study is the first to investigate the characteristics of this lesion through VH-IVUS, which demonstrated the presence of a high content of fibrous plaques at the anastomotic site. Although VH-IVUS is considered an outdated analytic technique, and there are better methods to evaluate the plaque composition, including iMAPTM IVUS, near-infrared spectroscopy, and optical coherence tomography, it is true that VH-IVUS provides accurate information about this lesion compared to IVUS alone. In this present case, it is particularly interesting to confirm the fibrous change caused by the inflammatory change through VH-IVUS in our patient with Behçet's disease.

The patient in the present case underwent PCI for anastomotic stenosis, instead of quadruple open-heart surgery owing to increased surgical risk associated with the latter. Despite many cardiothoracic surgeons having recently favored coronary artery bypass grafting as the treatment of choice (15), using autologous arterial grafts to artificial or vein grafts, it seems that a non-surgical intervention would have been a better treatment option in terms of patient safety. Furthermore, even after implantation of this stent, stenosis/occlusion at this anastomotic site could recur through the same inflammatory reaction. Although most published studies describe PCI or surgery as appropriate treatment strategies for the management of primary stenosis, little is known about an appropriate prevention strategy for its recurrence. However, regarding this case, it is hypothesized that both intensive medical treatment and active surveillance are needed to suppress the inflammatory reaction that can aggravate due to underlying Behçet's disease.

In conclusion, the IVUS radiofrequency data allow for a detailed assessment of plaque composition in vivo, therefore, the present case will provide new insights into the histopathological nature of stenotic lesions at the anastomotic site, especially in patients with chronic inflammatory diseases like Behçet's disease.
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Background: Takotsubo syndrome is an acute cardiac condition involving sudden, transient apical ballooning of the left ventricle of the heart that may be triggered by emotional stress and some non-cardiac conditions. Its diagnosis is based on clinical presentation, electrocardiogram, cardiac imaging and biomarkers.

Case Summary: Here, we present a novel and original case report of a patient presenting very soon in the post-partum period with an unusual form of Takotsubo syndrome without clinical symptoms of cardiac disease and accompanied by HELLP syndrome. The overall dynamics of the changes in troponin I, troponin T and NT-proBNP levels after delivery were generally similar, but the amount of troponin I was much greater than that of troponin T and troponin I was already elevated before delivery. NT-proBNP levels peaked around the same time as the troponins and the peak concentration was within the same range as that of troponin I.

Discussion: Our findings indicate that assaying circulating cardiac biomarkers, especially troponin I and NT-proBNP, may be a useful complement to non-invasive cardiac imaging including transthoracic echocardiography and cardiovascular magnetic resonance imaging, in the diagnosis of Takotsubo syndrome. They illustrate the importance of cardiac biomarkers in assisting diagnosis of this disease.

Keywords: troponin T, troponin I, NT-proBNP, Takotsubo, HELLP syndrome, pregnancy, case report


INTRODUCTION

Takotsubo syndrome is a sudden, transient, and acute dysfunction of the left ventricle of the heart that can also involve the right ventricle. It is frequently preceded by physical or emotional stress. Takotsubo syndrome affects women more often than men and, commonly, 60–75-year-olds; thus, at onset, it can be mistaken for acute coronary syndrome. Although its exact pathophysiology is unknown, the main hypothesis is that it is due to exaggerated sympathetic stimulation, inducing a catecholamine excess, which seems to be more increased in Takotsubo syndrome than in acute myocardial infarction (1).

The effect of Takotsubo syndrome on circulating cardiac biomarkers is controversial. Two types of cardiac biomarker—natriuretic peptides and cardiac troponins—are used in the diagnosis of both Takotsubo syndrome and acute myocardial infarction (1, 2). In the International Takotsubo Diagnostic Criteria (InterTAK Diagnostic Criteria), levels of cardiac biomarkers, including troponin, are described as moderately elevated in most cases whereas levels of brain natriuretic peptide (BNP) are substantially elevated. Some exceptions have been reported, however (1, 3).

Here, we describe the clinical and biological features as well as non-invasive cardiac imaging of an unusual case of peri-partum HELLP (hemolysis, elevated liver enzymes, low platelet) syndrome complicated by an inverted Takotsubo syndrome. This patient was asymptomatic for cardiac disease, the twelve-derivation electrocardiogram demonstrated no pathological features, and the amount of troponin I was strongly increased to within the same concentration range as the N-terminal prohormone of BNP (NT-proBNP). Our interpretation of the biological test results illustrates the potential use of these cardiac biomarkers in assisting diagnosis of Takotsubo syndrome.

All patient-specific information was anonymized.



METHODS

Plasma levels of cardiac high-sensitivity troponin I (cTnIhs) and troponin T (cTnThs) in samples collected in lithium heparin were assayed by using the Architect ci 8200 (Abbott) and Cobas E801 (Roche Diagnostics) analyzers, respectively. Normal values of cTnIhs and cTnThs (women cTnIhs 99th percentile, cTnThs overall population) were <15.6 and <14 ng/L, respectively (manufacturer's data). Plasma levels of N-terminal prohormone of brain natriuretic peptide (NT-proBNP) were assayed by using the Cobas analyzer (women 97.5th percentile value <254 ng/L). Calculation of molar concentrations of cardiac biomarkers was based on the following estimated molecular masses: troponin T, 37 kDa; troponin I, 24 kDa; NT-proBNP, 8.5 kDa.



CASE PRESENTATION

A 38-year-old pregnant woman (gravida 2, para 0) was admitted at 40 weeks of gestation to our labor and delivery unit with regular contractions after an uncomplicated, regularly supervised pregnancy. She reported a history of mild asthma, endometriosis, and an early miscarriage. At admission, physical examination showed normal vital signs and a fully dilated cervix. Laboratory results were unremarkable. She had an uncomplicated spontaneous vaginal delivery with Apgar scores of 10 and 10. A blood pressure of 152/67 mmHg was noted once during labor.

The patient received extremely stressful news about her child just after delivery. Thirty hours after delivery, she reported a sudden and intense headache associated with epigastric pain. She had no chest pain or respiratory discomfort, such as dyspnea, and neurological examination found no abnormalities. Laboratory tests revealed cytolysis (ASAT, 414 U/L and ALAT, 399 U/L; LDH, 1,017 U/L), associated with a slightly low haptoglobin concentration (0.44 g/L). A whole blood count showed thrombocytopenia (84 G/L) but no evidence of disseminated intravascular coagulation. Slight signs of inflammation were present (white blood cells count, 12.9 G/L; CRP, 77 mg/L). The blood creatinine concentration was elevated (1.12 mg/dl or 85 μmol/L) and was associated with de novo proteinuria. The urinary protein profile demonstrated tubular and glomerular involvement (total proteinuria, 0.45 g/mmol creatininuria; albumin, 227 mg/mmol creatininuria; alpha-1-microglobulin, 9.03 mg/mmol creatininuria; alpha-2-macroglobulin, 2.27 mg/mmol creatininuria; IgG, 60.43 mg/mmol creatininuria; retinol-binding protein, 0.53 mg/mmol creatininuria; transferrin, 37.90 mg/mmol creatininuria). We diagnosed HELLP (hemolysis, elevated liver enzymes, low platelet) syndrome, a complication of pregnancy with a risk of kidney failure. The patient was admitted to the nephrology intensive care unit on day 2.

On admission to the nephrology intensive care unit, we found elevated levels of cTnIhs and cTnThs, indicating cardiac necrosis, as well as elevated levels of NT-proBNP. Retrospective assays of cTnIhs and cTnThs in stored plasma samples revealed that pathological concentrations of cTnIhs (i.e., above the 99th percentile threshold) were already present 1 h before delivery but not of cTnThs (Figure 1). Measurements of these cardiac biomarkers up to 6 days after delivery found distinct qualitative and quantitative differences. Qualitatively, whereas pathological levels of cTnIhs were already present before delivery, cTnThs began to increase 0.5 day later. Quantitatively, between admission and day 6, cTnIhs concentrations ranged from 115 to 6,264 ng/L whereas cTnThs concentrations were much lower, ranging from 10 to 273 ng/L; NT-proBNP concentrations ranged from 200 to 4,056 ng/L. Both cTnIhs and cTnThs reached a peak concentration at day 2 and decreased soon after. The peak concentration of cTnIhs, however, was much greater than that of cTnThs (median cTnIhs/cTnThs molar ratio = 20.9; 95% C.I., 14.9–36.6—see Methods Section). NT-proBNP levels peaked around the same time as those of the troponins but decreased only after day 3.


[image: Figure 1]
FIGURE 1. Changes in the cardiac biomarkers cTnIhs, cTnThs, and NT-proBNP. Concentrations of circulating cardiac biomarkers were measured upon admission to hospital (day 0) and at intervals until to discharge (day 6). They are presented as ng/L. Delivery occurred between day 0 and 1 after admission. Intravenous (i.v.) magnesium sulfate and the beta-blocker labetalol were administered as indicated.


The twelve-derivation electrocardiogram was unremarkable. No coronary stenosis or dissection was found by coronary computed tomographic angiography. Transthoracic echocardiography performed at day 1 after transfer to the nephrology intensive care unit (i.e., at day 3 post-delivery) revealed hyperechogenicity, ballooning and akinesia of the basal and mid segments of the inferoseptal (Supplementary Video 1), inferior (Supplementary Video 2) and anteroseptal (Supplementary Video 3) walls, with mild impairment of left ventricular ejection function (LVEF, 45%), suggesting inverted Takotsubo syndrome, a rare variant of this disease that presents with basal ballooning instead of apical ballooning. Cardiac MRI performed at day 3 after transfer to the nephrology intensive care unit (i.e., at day 5 post-delivery) revealed a non-dilated, non-hypertrophied left ventricle, slightly altered global LVEF (51%) and characteristic wall motion abnormalities of inverted Takostubo syndrome including hypokinesia of the basal third predominating over the septum and apical hyperkinesia (Supplementary Video 4) associated with diffuse basal myocardial edema detected by T2 mapping sequence without late gadolinium enhancement (Figures 2A–C). Global T2 mapping values demonstrated a gradient from the base to the apex of the left ventricle: 56 ± 4 ms in the first third, 51 ± 7 ms in the second third, and 48 ± 3 ms at the apical level.


[image: Figure 2]
FIGURE 2. Initial cardiac MRI and follow-up. Cardiac MRI at day 3 after transfer to the nephrology intensive care unit, showed (A,B) an elevation of basal T2 mapping value (60 ± 5 ms) related to myocardial edema (arrows) not involving the mid and apical left ventricle without late gadolinium enhancement (C). (D) One month later, short axis T2 mapping showed regression of the myocardial edema with a normal T2 mapping value (49 ± 1 ms) (arrow).


The patient was treated with an intravenous beta-blocker (labetalol) as soon as the diagnosis of HELLP syndrome was made and with intravenous magnesium sulfate until abolition of neurological signs. Her evolution was favorable, with a reversal of headache, hepatic cytolysis, acute renal failure and thrombocytopenia. In addition to the beta-blocker, an angiotensin-converting enzyme inhibitor (captopril) was used at day 3 to improve blood pressure control with no adverse events. cTnIhs levels slowly decreased to 849 ng/L on day 6 when she was discharged from the nephrology intensive care unit. One month after discharge, the patient was in complete remission of her post-partum inverted Takotsubo syndrome. A follow-up cardiac MRI demonstrated complete resolution of left ventricular dysfunction (LVEF, 60%) and regional left ventricular function recovery (Supplementary Video 5). Moreover, normalization of T2 mapping values indicated the disappearance of myocardial edema (in Figure 2D): 50 ± 5 ms in the first third, 46 ± 6 ms in the second third, and 46 ± 5 ms at the apical level. These findings from cardiac MRI were consistent with our diagnosis of inverted Takotsubo syndrome. Three months after discharge, medical examination found a normal blood pressure of 123/82 mmHg and blood analyses were normal. The main results of the case presentation were summarized in Supplementary Figure 1.



DISCUSSION

Here, we describe a case of Takotsubo syndrome in a 38-year-old woman, which occurred post-partum after spontaneous vaginal delivery. This case is novel and interesting, first, because it occurred very soon after childbirth, second, because of the unusual clinical features and, third, because it was accompanied by HELLP syndrome. Our measurements of elevated levels of circulating cardiac biomarkers illustrate the importance of these biomarkers in assisting diagnosis and treatment of this condition.

Although the definitive diagnosis of Takotsubo syndrome was made only several days post-partum, retrospective assays of circulating troponins revealed myocardial damage occurring at the same time as or prior to childbirth. Reports of changes in blood cardiac biomarker levels during pregnancy, delivery and post-partum in the literature are rare. According to one study, changes in cardiac morphology occur within 1 week post-partum, but not during pregnancy (4). Using the same assay for cTnIhs as that used in our study, that study found only slightly but statistically significant elevated levels of cTnIhs at the end of pregnancy (2 ng/L, i.e., 0.07-fold > normal threshold) when compared those observed during the first trimester. In our case, by contrast, the first cTnIhs measurement 1 h before delivery was already substantially increased (120 ng/L, i.e., 7.7-fold > normal threshold) probably due to early cardiac injury.

The case of our patient has unusual clinical features: she was asymptomatic for cardiac disease, the twelve-derivation electrocardiogram demonstrated no pathological features, and the amount of cTnIhs was strongly increased to within the same concentration range as NT-proBNP. The findings from ultrasound and MRI imaging were characteristic of a rare form of the disease: inverted Takotsubo syndrome, in which there was severe basal hypokinesia and a moderate apical hyperkinesia. Takotsubo syndrome is a complex, acute cardiac condition that resembles acute coronary syndrome, usually occurring in the absence of obstructive coronary artery disease and leading to regional left ventricular wall motion abnormality and an impairment of left ventricular contractility (5). The area most often affected is the apical region of the left ventricle (6); in some cases, however, as in our case, the basal area of the left ventricle is affected (7).

In addition to Takotsubo syndrome, the patient presented with HELLP syndrome. The simultaneous occurrence of Takotsubo syndrome in patients with HELLP syndrome has been reported in only a few other cases (8). In a study of 10 cases of post-partum Takotsubo syndrome, two women (20%) presented with HELLP syndrome and five (50%) with preeclampsia (9).

Our understanding of the literature is that the precise pathophysiology of Takotsubo syndrome is unknown; several different pathophysiological mechanisms probably act, individually or synergistically, to cause Takotsubo syndrome. Moreover, it appears that it is often difficult to assess whether any observed modification of a signaling pathway is a cause or a consequence of the episode of Takotsubo syndrome. Sympathetic hyperstimulation is a crucial pathophysiological feature, and catecholamines and Giα signaling pathways at the level of β2 adrenergic receptor have an important role, resulting in acute myocardial inflammation, myocardial lipotoxicity, low energy production, and NO synthesis, which are hallmarks of Takotsubo syndrome (10, 11). Other possible mechanisms include disruption of calcium regulation, generalized endothelial dysfunction, and oxidative stress (10, 11).

Although the exact pathophysiology of HELLP syndrome has not been clearly defined, we have identified several similarities between the documented mechanisms of HELLP and Takotsubo syndromes, including systemic endothelial dysfunction, strong involvement of oxidative stress, and a systemic inflammatory response (12). A possible link between these two diseases should be evaluated by future studies. One plausible hypothesis to explain the possible link between HELLP and Takotsubo syndrome is an interplay between endothelial abnormalities as recently discussed (13). In HELLP syndrome and during pre-eclampsia there is an imbalance of vasoconstriction and vasodilation mediators mainly at the placental level, and in Takotsubo syndrome dysfunctions in the microcirculation have been documented (14), suggesting that abnormal regulation of vasoconstriction/vasodilation in the microcirculation may underlie both syndromes.

The diagnosis of Takotsubo syndrome is based partly on clinical data, but some biological signs, such as cardiac biomarker changes, have been identified as diagnostic tools (15). No definitive specific or sensitive biomarker for the disease has been proposed, although several biomarkers such as copeptin, lipid profile, sLOX-1, ischemia-modified albumin, sST-2, and chromogranin-A have been proposed to distinguish it from acute coronary syndrome (16, 17). Little is known about cardiac biomarker changes during the acute and remission phases of Takotsubo syndrome (18).

The main cardiac biomarkers reported to be modified in Takotsubo syndrome are NT-proBNP and BNP (19). There is a significant and persistent elevation of NT-proBNP and BNP levels during the acute phase of the disease, which correlates with both the elevation of catecholamines and the severity of left ventricular systolic dysfunction (20). BNP levels ≥238 ng/L and the absence of calcium channel blocker use are independent risk factors for delayed recovery, whereas a leptosomic build (BMI <20 kg/m2) is an independent predictor of rapid recovery (21). This increase in BNP levels is more substantial than that of cTnThs in Takotsubo syndrome patients (22). In our case, the increase of circulating troponin isoforms was unusual. The increase in cTnIhs was greater than the increase in cTnThs, as already reported (23), and was within the same range as NT-proBNP; however, whereas pathological levels of cTnIhs were already present before delivery, cTnThs began to increase later.

Some authors have reported similar changes in troponins during acute coronary syndrome and Takotsubo syndrome, which may result in a misdiagnosis (22). Acute coronary syndrome and Takotsubo syndrome overlap significantly in their clinical presentations and Takotsubo syndrome is often mistaken for acute anterior wall ST-segment elevation myocardial infarction (due to an occlusion of the proximal left anterior descending artery). In our case, the ratio of NT-proBNP (ng/L) to cTnThs (μg/L) at peak was 9,798. This was greater than the threshold level of 5,000 indicating Takotsubo syndrome rather than acute anterior wall ST-segment elevation myocardial infarction (24).

Whereas, the dynamics of the changes in cTnIhs, cTnThs and NT-proBNP in the days following delivery were similar, the amount of cTnIhs was much greater than that of cTnThs (at peak, 400-fold > normal threshold for cTnIhs compared to 25-fold > normal threshold for cTnThs). One caveat to these measurements is that post-translational modifications of troponins upon cardiac necrosis may affect the quantification of circulating forms of the proteins (25); thus, our observations should be substantiated by quantification of all circulating forms of troponins throughout the duration of the disease. Although no definitive conclusion can be drawn at the moment about the comparative sensitivity of cTnIhs or cTnThs for optimal cardiac monitoring during Takotsubo syndrome, our findings suggest that monitoring cTnIhs and/or NT-proBNP would be more useful than monitoring cTnThs because cTnIhs levels increase sooner and much more than cTnThs levels.

In the case presented here, the onset of Takotsubo syndrome post-partum occurred soon after spontaneous vaginal delivery, whereas it generally occurs several days later (26). Takotsubo syndrome is much more common after cesarean section than after vaginal delivery because several risk factors are associated with it, including the psychological and physical stress associated with cesarean section, acute pain and bleeding causing increased catecholamine levels, and use of uterotonic or tocolytic treatments (26, 27). Takotsubo syndrome is often associated with a preceding stressful physical or emotional event (5); physical triggering factors are more prevalent than emotional triggers. The absence of triggering factors does not preclude the diagnosis of Takotsubo syndrome, however. Interestingly, our patient received extremely stressful news about her child just after delivery, which may have contributed to triggering Takotsubo syndrome. The patient received no exogenous drugs, notably, no catecholamines or sympathomimetic drugs that might have precipitated the episode of Takotsubo syndrome.

Because the pathophysiology of Takotsubo syndrome is not precisely understood, there are no well-established guidelines for treating and managing this condition. We treated our patient with angiotensin-converting enzyme (ACE) inhibitors to address the observed abnormal left ventricle wall motion and impaired LVEF, and with a beta-blocker to prevent the potential effects of an adrenergic surge. The use of angiotensin-converting enzyme inhibitors to treat Takotsubo syndrome is associated with improved survival and fewer recurrent events (5, 28). The effectiveness of beta-blockers, by contrast, is less clear. Whereas, observational studies and meta-analyses have found that short- and long-term treatment with beta-blockers is not beneficial in reducing mortality or preventing recurrence (5, 28–31), a recent state-of-the-art review (32) recommended treating patients with Takotsubo syndrome with both angiotensin-converting enzyme inhibitors and beta-blockers. Specifically, they recommended carvedilol, which is a non-cardioselective beta-blocker. In our case, we used labetalol, which is also a non-cardioselective beta-blocker, because our patient wished to breastfeed her baby. Beta-blockers in breast milk can cause hypotension, bradycardia, and hypoglycemia in the infant (33). According to the Centre de Référence sur les Agents Tératogènes in France, there are no data concerning the secretion of carvedilol into breast milk, but secretion of labetalol into breast milk is weak and it is estimated that the infant receives <1% of the maternal dose. Moreover, the half-life for elimination of labetalol is short (4 h), whereas that of carvedilol is substantially longer (7–10 h).

Takotsubo syndrome was originally thought not to be a life-threatening disease (34), however, more recent studies have found higher mortality rates in Takotsubo syndrome patients than expected due to long-term mortality, which surpasses that of patients with ST-segment elevation myocardial infarction (35). Moreover, there are reports that the initial presentation can be associated with fatal complications, including cardiogenic shock, congestive heart failure, and lethal arrhythmias, leading to an in-hospital mortality of 2.0–8.7% (5, 36). Thus, the prognosis of Takotsubo syndrome ranges from rapid recovery to poor early and long-term outcomes. A multicenter study of over 1,000 patients from the German and Italian Stress Cardiomyopathy (GEIST) registry yielded four variables as independent predictors of in-hospital complications: a history of neurologic disorders, right ventricular involvement, reduced LVEF, and male sex (36). Therefore, a GEIST prognostic score may be helpful in early risk stratification. Another analysis of the GEIST registry revealed dyspnea at admission as an independent risk factor for in-hospital complications and poor long-term outcomes (37). Also, in-hospital complication rates and long-term mortality were reported to be similar in typical and atypical types of Takotsubo syndrome (38). Our patient recovered full cardiac function 1 month after delivery with no cardiac complications. Consistent with this rapid recovery, she presented good prognostic factors: no neurologic disorder, no right ventricular involvement, only mild impairment of LVEF, and was a female presenting with no dyspnea at the onset of the episode of Takotsubo syndrome.



CONCLUSION

We describe an unusual case of Takotsubo syndrome in a post-partum woman after spontaneous vaginal delivery. This patient was asymptomatic for cardiac disease, the twelve-derivation electrocardiogram demonstrated no pathological features, and the Takotsubo syndrome was accompanied by HELLP syndrome. The overall dynamics of the changes in troponin I, troponin T and NT-proBNP levels after delivery were similar, but the amount of troponin I was much greater than that of troponin T and troponin I was already elevated before delivery. The magnitude of the increase of troponin I was similar to that of the increase of NT-proBNP. Our findings indicate that assaying circulating cardiac biomarkers, especially troponin I and NT-proBNP, may be a useful complement to the diagnosis of Takotsubo syndrome by non-invasive cardiac imaging. They illustrate the importance of cardiac biomarkers in assisting diagnosis of this disease.
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Supplementary Video 1. Transthoracic echocardiography, apical four-chamber view. Hyperechogenicity, ballooning and akinesia of the basal and mid segments of the inferoseptal wall.

Supplementary Video 2. Transthoracic echocardiography, apical two-chamber view. Hyperechogenicity, ballooning and akinesia of the basal and mid segments of the inferior wall.

Supplementary Video 3. Transthoracic echocardiography, apical three-chamber view. Hyperechogenicity, ballooning and akinesia of the basal and mid segments of the anteroseptal wall.

Supplementary Video 4. Initial cardiac MRI performed at day 3 after transfer to the nephrology intensive care unit. Left ventricular long axis view showed severe basal hypokinesia sparing the mid and apical cavity, which are in moderate hyperkinesia. This aspect is highly suggestive of a basal type of Takotsubo syndrome.

Supplementary Video 5. Cardiac MRI follow-up performed 1 month later showed complete resolution of wall motion abnormalities including complete recovery of the basal left ventricular wall motion.

Supplementary Figure 1. Timeline. I.V, intravenous; HELLP, hemolysis elevated liver enzymes and low platelets count; TTE, transthoracic echocardiography; ACE, angiotensin conversion enzyme; LVEF, left ventricular ejection fraction; TKS, Takotsubo syndrome; MRI, magnetic resonance imaging; cTnThs, cardiac high-sensitivity troponin I; cTnIhs, cardiac high-sensitivity troponin I; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.
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Total anomalous systemic venous drainage (TASVD) is a rare congenital heart malformation. Here, we report a case of a 40-year-old male patient who had a total anomalous systemic venous drainage. It was diagnosed as the TASVD for the first time through multimodal imaging combined Transthoracic (TTE), transesophageal (TEE) and three-dimensional (3D-TTE) echocardiography, contrast echocardiography and computed tomography angiography (CTA). We review 15 published reports on TASVD and summarize the ultrasonographic characteristics. After intracardiac repair through ectopic venous drainage in cardiac surgery, the patient's cyanosis symptoms were alleviated greatly. Echocardiography was the first-line examination for TASVD. Multimodal imaging combined TTE, TEE, 3D TEE, contrast echocardiography and CTA was necessary for confirmed diagnosis of TASVCD.

Keywords: total anomalous systemic venous drainage, multimodal imaging, echocardiography, coronary sinus atrial septal defect, computed tomography angiography


INTRODUCTION

Anomalous systemic venous drainage is a rare type of congenital heart malformation and has a 5% incidence rate among all congenital heart diseases (1). It is divided into partial systemic venous return anomalies and total anomalous systemic venous drainage (TASVD). The definition is that the drainage of all systemic veins (SVC, IVC, and the coronary sinus) to the LA. TASVD may also be part of heterotaxy syndrome (2). We report a case of TASVD diagnosed by multimodal imaging and was successfully corrected by surgery.



CASE REPORT

A 40-year-old male reporting “thirty years chest pain and palpitation after exercise, which got worsened for five days” was admitted to our hospital. Echocardiography revealed atrial septal defect in 2009, but it was untreated. Electrocardiogram revealed (1) sinus bradycardia, (2) high voltage in chest leads, and (3) flat T waves in leads I, III, and aVL. His physical examination revealed stunted growth, cyanosis of lips, 53.4 mmHg partial pressure of oxygen, and 88.6% blood oxygen saturation level. A loud, soft pan systolic murmur could be heard over the cardiac apex. His past medical history included cerebral infarction and migraine. 1 month before hospitalization, the patient had acute cerebellar infarction that improved after medical treatment. Biochemical parameters were within normal limits.

Transthoracic (TTE), transesophageal (TEE) and three-dimensional (3D-TTE) echocardiography revealed (1) coronary sinus dilatation and a complete coronary sinus atrial septal defect (ASD) (Figure 1A, Supplementary Videos 1, 2), (2) an anomalous conduit enters left atrium (LA) at its roof (Figure 1B), and (3) the inferior vena cava (IVC) opens into LA (Figure 1C) (4) the superior vena cava (SVC) is not connected with the right atrium (RA). Contrast echocardiography revealed (1) saline microbubbles injected to the left elbow vein expressed first in the LA and then in the RA and right ventricle (RV) (Supplementary Video 3); (2) saline microbubbles injected into the right elbow vein expressed almost simultaneously in the LA and RA (Figure 1D, Supplementary Video 4); (3) saline microbubbles injected into the lower limb vein expressed first in the LA and left ventricle (LV) and then in the RA and RV (Figure 1E, Supplementary Videos 5, 6). Arch was normal. Accordingly, these were diagnosed as complete coronary sinus ASD, persistent ectopic venous draining from the left SVC to the LA, ectopic venous draining from the IVC to the LA, and ectopic venous draining from the right SVC to the LA. Hepatic veins were draining into the IVC, and pulmonary veins were draining into the LA. ECG-gated computed tomography angiography (CTA) demonstrated complete coronary sinus ASD, persistent left SVC draining into the LA (Figure 1F), right SVC draining into the LA (Figures 1G–I), and IVC draining into the LA (Figure 1F). A contrast medium was injected in the left elbow vein. Finally, it was diagnosed as total anomalous systemic venous drainage (TASVD) through cardiac surgery, and was consistent with the multimodal imaging (TTE, TEE, 3D TEE, contrast echocardiography and CTA).


[image: Figure 1]
FIGURE 1. Echocardiography and computed tomography angiography. (A) complete coronary sinus atrial septal defect (white arrowheads). (B) white arrowheads show an abnormal conduit. (C) A connection between the inferior vena cava and the left atrium. (D) saline microbubbles injected into the lower limb vein expressed first in the LA and left ventricle (LV), and then in the RA and RV. (E) saline microbubbles injected into the right elbow vein expressed almost simultaneously in the LA and RA. (F) CT shows the left superior vena cava and the inferior vena cava draining into the LA. (G–I) CT shows the superior vena cava (white arrowheads) draining into the.


During the cardiac surgery, we saw a complete coronary sinus atrial septal defect, the right superior vena cava being slightly thinner and draining into the coronary sinus opening in the right atrium, persistent left superior vena cava draining into the left atrium, which opened between the left atrial appendage and the left superior pulmonary vein, and the inferior vena cava opening between the mitral valve and the right inferior pulmonary vein. Both atrial appendages were normal in morphology. Thus, we performed a repair of the atrial septal defect and an intracardiac repair through ectopic venous drainage.

After the operation, the patient recovered well: his face and lip color was normal; his partial pressure of oxygen was 97.7 mmHg, and his blood oxygen saturation level was 97.8%. 3 months after the operation, TTE revealed that his cardiac size returned to normal. At 1-year follow-up, the man was doing well and had normal oxygen saturation and unobstructed systemic venous drainage.



DISCUSSION

TASVD is a rare type of congenital heart malformation. TASVD drainage requires the presence of a left-to-right shunt (PDA, ASD, or VSD) to allow the systemic venous return to reach the pulmonary circulation (3). Functional drainage of systemic venous blood into the left atrium across an atrial septal defect has been described. The mechanisms is that TASVD probably results from the sinus venosus being incorporated into the LA (4) or that the right valve of the systemic venous sinus fails to regress (5). There are three subsets of TASVD based on the type of vena cava cannulation (2). In type I, the IVC is not interrupted and conventional cardiopulmonary bypass can be performed. In type II, the IVC is interrupted, and single cannulation of the SVC would suffice for venous drainage. In type III, the IVC drains to an accessory chamber like coronary sinus. According to the above classifications, our case belongs to type I. Electronic databases including Pubmed, Web of Science, and Medline were searched to identify TASVD, from inception to May 2021. We reviewed 13 published reports on TASVC and summarized the ultrasonographic characteristics in Table 1.


Table 1. Ultrasonographic characteristics of the 15 cases of total anomalous systemic venous drainage.

[image: Table 1]

Because of individual differences and lack of specific laboratory tests, medical diagnosis of TASVD is usually challenging. Up to now, echocardiography is still the most common clinical examination. In this case, multimodal imaging was performed to diagnose TASVD. Echocardiography manifestations are as follows: (1) two-dimensional echocardiography shows that the LA is significantly enlarged and that the right heart system is relatively small; (2) communication between the SVC and the LA was not seen in the conventional ultrasound view of two-dimensional transthoracic echocardiography; (3) two-dimensional transesophageal echocardiography clearly shows that the SVC and the IVC are not communicating with the RA; (4) right heart contrast echocardiography can help assess the connection between veins and atriums effectively, and the communication between the SVC, the IVC, and the LA; (5) three-dimensional transesophageal echocardiography can directly display the communication between the abnormal duct and the LA. TTE, TEE, and 3D TEE are considered useful approaches to help observe the hind and inside of heart structures. Contrast echocardiography can help assess the connection between veins and atriums effectively. CTA examination is an invasive and reliable way to examine congenital heart diseases and can provide more comprehensive and three-dimensional cardiovascular imaging. Through CTA examination, the connection between pericardia great vessel system and heart chambers can be assessed. The main advantage of CT is its high-resolution tridimensionality, and a 3D image could add an interesting view of the cardiac anomaly. This case was finally diagnosed and compressively expressed by multimodal imaging (TTE, TEE, 3D TEE, contrast echocardiography, and CTA). Noninvasive examinations such as MRI can be used to assess defects of cardiovascular walls or help observe flow signals from vein to the LA without using contrast media, especially in pediatric populations with congenital heart disease because of lack of ionizing radiation (17).

TASVD is a rare and usually hard to detect congenital heart malformation. As the first diagnostic examination, ultrasound examination has its unique advantages in TASVD diagnosis. In the face of cases of complex anomalous cardiac venous system connection, we need to perform multimodal imaging to confirm the diagnosis of TASVD.
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Case Report: Family Curse: An SCN5A Mutation, c.611C>A, p.A204E Associated With a Family History of Dilated Cardiomyopathy and Arrhythmia
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Objective: We report a 3-generation family with SCN5A c.611 C>A rare variant, whose clinical characteristics are dilated cardiomyopathy (DCM) combined with multifocal ectopic Purkinje-related premature contractions (MEPPC). We tried to explain why the same SCN5A variant carriers had different phenotypes.

Methods: We collected the clinical data from the family, and followed up this family members. Genetic testing was done for whom DNA samples could be collected.

Results: Information was collected from 15 people in this family, 8 of whom had genetic testing. The SCN5A variant was present in all patients of this family, whose clinical features showed DCM combined with MEPPC. The proband's children developed DCM and MEPPC in their childhood. They both carried a SCN5A p.A204E mutation from their mother and a mutation PRKAG2 p.D372N from their father. The son did heart transplant and his heart was both dilated and thickened. The pathology confirmed the presence of glycogen accumulation in the myocardium, which were consistent with the diagnosis of PAKAG2 syndrome.

Conclusion: SCN5A c.611 C>A variant was related to DCM combined with MEPPC. This case report is the first to demonstrate that a combination of SCN5A and PRKAG2 mutations can cause DCM plus MEPPC and PRKAG2 Syndrome.

Keywords: SCN5A, PRKAG2, dilated cardiomyopathy, sudden cardiac death, familial case report


INTRODUCTION

Dilated cardiomyopathy (DCM) is the most common non-ischemic cardiomyopathy, with an incidence of about 1/2500, which can lead to severe heart failure. It is associated with arrhythmia and sudden death, and the incidence of sudden death within 5 years is 10–15% (1). The main pathogenic genes are related to cardiac structural proteins, sarcomereproteins, and nuclear membrane proteins. About 2% of patients with heart dilatation are caused by SCN5A gene mutation.

A family case of DCM with an SCN5A mutation, c.611C>A, p.A204E is reported as follows. The same mutation has been reported in one case in the literature, and no family report has been found (2). The variant is unique from, so far, reported typical SCN5A variants because of its characteristic phenotype expression: Purkinje-related premature contractions. We report a 3-generation family with this rare variant (Figure 1), where patients presented dilated cardiomyopathy (DCM) combined with premature ventricular contractions (PVC), and carriers manifested a variety of premature contractions.


[image: Figure 1]
FIGURE 1. Pedigrees and diagnosis of the families assessed. Squares indicate male family members, circles indicate female family members. NE:Genomic DNA was not examined. (+/-): Haplotype. DCM, Dilated cardiomyopathy; PVC, Premature ventricular contractions.




CASE PRESENTATIONS


Case 1

The proband (Figure 1: II-6), a 49-year-old woman, was admitted to a hospital with a 14-year history of recurrent chest distress, aggravated by palpitations for 4 days. She had a family history of sudden death: her father (I-1) died of cerebrovascular disease at 50 years, her mother (I-2) died suddenly at 40 years, a brother (II-1) died suddenly at 33 years old, and his daughter (III-1) died suddenly at 19 years. All of the sudden deaths happened during sleep. The patient had a daughter (III-6) and a son (III-7), who were diagnosed with DCM at the age of 16 and 9 years, respectively. The patient developed chest tightness and dyspnea, accompanied by nausea and vomiting after catching a cold 14 years ago. At that time, she underwent cardiac color ultrasound and was diagnosed with DCM. Hospitalization, ventricular tachycardia, and ventricular fibrillation occurred several times. Twelve years ago, 1 month after having her second child, the proband was readmitted for chest tightness for about 3 weeks, aggravated by palpitations for 1 week. During her hospital stay, more than 50 episodes of ventricular tachycardia or ventricular fibrillation occurred; an implantable cardiac defibrillator was recommended, but the patient refused. After discharge, the patient took metoprolol and was followed regularly. A conventional echocardiogram showed a large left ventricular end-diastolic diameter (LVEDD) of 69 mm and an LV ejection fraction (LVEF) of 40% (Figure 2). Because of her family history, genomic DNA was extracted from the peripheral blood of eight family members [the proband and her husband (II-5), two children (III-6) (III-7), sister (II-4), the sister's two children (III-4) (III-5), and granddaughter (IV-1)], and a genomic library was constructed. The enriched target gene fragments were sequenced by Illumina sequencing (3). The proband carried 3 possible pathogenic mutation associated with DCM and PVC, including SCN5A p.A204E, TTN p.I1830T, and ACTN2 p.M283V. The pathogenicity of the mutation was analyzed concerning the American College of Medical Genetics and Genomics(ACMG)guidelines (4). SCN5A p.A204E was considered “likely pathogenic.” TTN p.I1830T and ACTN2 p.M283V were considered “uncertain significance.” Figure 3 shows the SCN5A variant of the DNA analyses. The proband's parents, brother, and niece were not tested because they had all died before this time point. Her brother's ex-wife (II-2) and son (III-2) were not tested because the ex-wife took her son when she remarried and lost contact.


[image: Figure 2]
FIGURE 2. Image of case 1 (Figure 1:II-6). (A) Chest X-ray showed congestion with a cardiothoracic ratio of 80%. (B) Echocardiogram revealed an enlarged left ventricle. LVDd, Left ventricular end-diastolic diameter. (C,D): Electrocardiogram (ECG) comparison between the normal state and frequent premature ventricular contractions.



[image: Figure 3]
FIGURE 3. Identification of the SCN5A variant. Sanger sequence SCN5A in a wild-type (WT) subject and proband confirms the presence of the A204E variation. The variant nucleotide residue is indicated by a red arrow. The same nucleotide residue of WT is indicated by a green arrow.




Case 2

At 16 years, the proband's daughter (III-6) was admitted to a hospital for “chest tightness and shortness of breath for 20 days.” Twenty days after catching a cold, she developed fatigue, chest congestion, shortness of breath, and gradually decreased endurance. She became short of breath after walking for 5–6 min and could not lie supine at night. Twelve days later, an outpatient electrocardiogram (ECG) showed frequent atrial premature beats accompanied by differential transmission and interface escape. The echocardiogram showed a large LV, and the LVEF was 24%. She had previously been healthy and had a normal ECG when she was 13. She died suddenly at the age of 19 years from “shock,” following her brother's car accident. In addition to carrying the same three mutations as her mother, Case 2 carried the PRKAG2 p.D372N variant from her father (II-5).



Case 3

The proband's son (III-7), her second child, was hospitalized with a fractured femur from a car accident at 6 years. At that time, echocardiography showed no abnormality. Three years later, he was hospitalized for nausea and vomiting for 4 days and chest distress for 2 days after catching a cold. An ECG showed multi-source ventricular-accelerated spontaneous rhythm, nodal beats, nodal tachycardia, atrial chaotic tachycardia, ventricular concurrent rhythm, a visible ventricular fusion wave, and ST-T changes. Echocardiography showed an enlarged heart, and the LVEF was 27%. The diagnosis was DCM, arrhythmic cardiomyopathy, and heart failure. A pediatrician diagnosed the boy with end-stage heart failure, and heart transplantation was performed in our hospital when he was 10. His heart was significantly expanded before surgery, and a chest X-ray revealed slight congestion, with a cardiothoracic ratio of 80%. The LVEDD was 83 mm, and the LVEF was 24% (Figure 4). His heart was found to have increased marked dilatation of four chambers and thickened ventricular walls, interventricular septum thickness (IVST) 16 mm and posterior wall thickness (PWT) 20 mm. The changes we can see under the microscope are hypertrophy of cardiomyocytes with large and malformed nuclei. Some myocardial cells had vacuolated cytoplasm. The periodate-Scherff staining (PAS staining) found red PAS staining-positive material in the cytoplasm of cardiomyocytes (Figure 5).


[image: Figure 4]
FIGURE 4. Image of case 3 (III-7). (A) ECG before heart transplantation showed frequent ventricular premature contractions with narrow QRS. (B) Echocardiogram findings of changes in heart size before and after heart transplantation. (C) X-ray findings of changes in heart size before and after heart transplantation. (D) The enlarged specimen of the heart. (E,F) ECG in the first and second years after heart transplantation,T wave was inverted.



[image: Figure 5]
FIGURE 5. Case 3 (III-7) vs. normal myocardial tissue. (A) Hematoxylin-eosin staining (HE staining),cardiomyocyte hypertrophy with large, malformed nuclei,some myocardial cells had vacuolated cytoplasm. (B) HE staining,Normal myocardial tissue. (C) Periodate-Scherff staining (PAS staining), red PAS staining-positive material in the cytoplasm of cardiomyocytes. Arrows indicate intracellular glycogen accumulation. (D) PAS staining, Normal myocardial tissue, red PAS staining-negative.


Re-examination within 2 years after surgery showed a normal heart size; the LVEDD was 41 mm, and the LVEF was 74% (Table 1). Two and a half years after heart transplantation, he died suddenly at school, although nothing abnormal was found.


Table 1. The change of echocardiogram index and BNP of case 3 (III-7).

[image: Table 1]

The boy did the gene test before the heart transplantation. He carried multiple mutations, including SCN5A p.A204E, RMND1 frame-shift mutation, MLYCD p.R412C, POMT1 p.Y282C, ACTN2 p.M283V, TTN p.I18305T, and PRKAG2 p.D372N. Except for SCN5A p.A204E, the ACMG guidelines considered its pathogenicity to be “likely pathogenicity,” and other variants were considered to be of “uncertain significance.”



Case 4

The proband's sister (II-4) is an asymptomatic carrier of the SCN5A mutation, c.611C>A, p.A204E and is in good health now. Her ECG showed atrial rhythm; the PR was shorter than 0.12 s, and the echocardiogram showed LVEDD 43 mm and LVEF 63% (Figure 6). The proband and her sister carried the same three mutations, which were SCN5A p.A204E, TTN p.I1830T, and ACTN2 p.M283V, but their clinical phenotypes differed completely.


[image: Figure 6]
FIGURE 6. Image of case 4 (II-4) and 5 (III-4). (A,B) Case 4 and Case 5 presented a normal left ventricle on echocardiogram. (C) ECG of case 4 (II-4) showed atrial rhythm, PR was shorter than 0.12s. (D) ECG of case 5 (III-4) showed frequent ventricular premature contractions with narrow QRS.




Case 5

The proband's niece (III-4) had two mutations, which were SCN5A p.A204E and TTN p.I18305T. She had syncope and was found to have frequent ventricular premature beats with narrow QRS as a teenager. Her heart was borderline enlarged at that time. She took metoprolol for a few years and then stopped. She suffered syncope again when she was 20. The ECG showed a threshold heart rate and polymorphic premature ventricular contractions. Her current heart size is still in the normal range (LVEDD, 50 mm; LVEF, 55%). She is being followed and has good medical compliance. The niece's daughter (IV-1) carries the same gene mutation as her mother. She is still a toddler and has no obvious symptoms.




DISCUSSION AND CONCLUSIONS

Some studies have examined the association between genetic variants and DCM phenotypes (5) which may affect patient clinical prognosis differently. The genetic background of patients with DCM is complex: 7% have a single heterozygous mutation, more than 38% have a compound heterozygous or combined mutation, and 12.8% have three or more mutations (6, 7).

The proband and her sister carried the same three mutations, but her sister did not have heart disease. Various tests showed that her sister's heart function and rhythm were normal. The proband's children developed DCM in childhood. They had identical genetic variants, carrying the same four mutations, which were SCN5A p.A204E, TTN p.I1830T, ACTN2 p.M283V, and PRKAG2 p.D372N. The mutation PRKAG2 p.D372N was from their father, and the others were from their mother. At the beginning, we thought the father had no family history of related diseases and considered that the variant had little to do with DCM. However, their clinical phenotype was more severe than their mother's, and they both carried PRKAG2 p.D372N from their father, which might be a modified gene. The PRKAG2 gene encodes the AMPK γ2 subunit in humans. The mutations of PRKAG2 can cause PRKAG2 syndrome. PRKAG2 syndrome is a rare autosomal dominant disorder characterized by myocardial glycogen storage, myocardial hypertrophy, and ventricular preexcitation. Patients have a high risk of arrhythmias and sudden cardiac death (8). We reviewed the cardiac slides of Case 3 and did PAS staining. Cardiomyocyte hypertrophy and cytoplasmic vacuolization can be seen under the microscope. The vast cytoplasmic glycogen accumulation was confirmed by a positive PAS stain. Although the ACMG guidelines considered the pathogenicity of the PRKAG2 variant to be “uncertain significance,” these findings further confirmed the PRKAG2 syndrome. The early onset and severe disease of children might be due to a combination effect of the SCN5A p.A204E mutation from their mother and the PRKAG2 p.D372N mutation from their father.

In the third case, the boy had a heart transplant at the age of 10 years and died suddenly at school 2.5 years postoperatively. No cause of the sudden death was confirmed. Although he had undergone a heart transplant, his paracardial microenvironment might have also been affected. Because the patient did not undergo an endomyocardial biopsy, it was impossible to determine whether he had a chronic rejection reaction. An ECG within 2 years after transplantation showed dynamic changes in T-wave inversion, suggesting ischemia. The underlying molecular genetic mechanisms of the child and environmental factors combined to cause the sudden death. Clinical studies indicate that sudden cardiac death (SCD) is common after heart transplantation. There is no anatomic cause of death in some patients. These deaths are assumed to be primary arrhythmic deaths (9).

It was previously thought that abnormalities in the SCN5A gene, which encodes the α subunit of the cardiomyocyte sodium channel, affect the release and utilization of calcium ions in cardiomyocytes via the sodium-calcium exchanger, leading to an increased risk for arrhythmias, but with no apparent effect on cardiac anatomy (10). Olson et al. (11) summarized a series of cases with enlarged hearts, pump failure, and a combination of arrhythmias as the main manifestations, and found that SCN5A not only caused abnormalities in the electrical activity of the heart but also caused heart enlargement and mechanical abnormalities, which lead to heart failure. The literature suggests that dimers are formed by interactions between the sodium channel α subunits.

Patients with DCM combined with SCN5A mutations are prone to ventricular tachycardia, atrioventricular block, and supraventricular tachycardia, and have a higher mortality rate, with life-threatening ventricular arrhythmias occurring at LVEF <35%, also known as arrhythmogenic DCM (AR-DCM) (12). Patients with AR-DCM should be evaluated carefully and systematically by monitoring for arrhythmia. A family history of ventricular arrhythmias often indicates a poor prognosis and an increased risk for SCD (13). The patients in this family had a variety of clinical presentations, but the ECG waveforms of their premature ventricular beats were very similar. The ECG showed bidirectional ventricular tachycardia, multiple sources of premature ventricular beats, and alternating right and left bundle branch blocks, suggesting that the location of the lesion originated from multiple sites in the Hippo lineage. The main manifestations in patients with the same SCN5A c.611C>A mutation (2) are multifocal ectopic Purkinje-related premature contractions (MEPPC) and non-sustained ventricular tachycardia. MEPPC syndrome is caused by mutations in the SCN5A gene, and patients with or without DCM are at significantly higher risk for SCD. When we found the SCN5A mutation in many family members, we performed analyses with the bio-information software SIFT (14), PolyPhen2 (15), and MutationTaster (16). All predicted that the mutation might be harmful, and the ClinVar database included the mutation as “likely pathogenic.” Other mutations at the same amino acid (c.611C>T) are pathogenic and associated with Brugada syndrome, as reported in the Human Gene Mutation Database (17). The mutation was not included in The Genome Aggregation Database (gnomAD) and the genotype and disease co-segregation within the family. Electrophysiological studies showed that Nav1.5-A204E mutant channels exhibited a significant leftward shift of 8mV of the activation curve, leading to a larger hyperpolarized window current when compared to wild type. The ACMG guidelines considered its pathogenicity to be “likely pathogenic.” We concluded that this mutation was the genetic basis for the family.

DCM families are characterized by DCM with conduction system abnormalities. The molecular genetic mechanism of DCM is being elucidated with the discovery of more pathogenic genes and their mutated loci. Cardiomyopathy in many families still cannot be explained by the identified pathogenic genes, which implies that there are unknown pathogenic genes in patients with DCM. A monistic etiology still needs to be considered when cardiomyopathy is combined or complicated with arrhythmias. Our current understanding of the genetic factors associated with DCM and their relationship with prognosis remains inadequate, given that genotype–phenotype interactions are the basis for the molecular mechanisms of disease and translational studies. Genetic testing of patients with DCM is important, and guidelines recommend the genetic testing of first-degree relatives of patients with DCM to facilitate earlier identification of potential patients with DCM and early intervention (18). However, available genetic tests for pathogenicity do not yet explain the pathogenesis in all cases, while clinical sequencing currently detects genetic variants in only 40% of patients with DCM (19), and pathogenic mutations that can be confirmed by genotype–phenotype co-segregation currently account for only about 20% of positive genetic results (20).

In conclusion, the SCN5A mutation with multiple DCM-related gene mutations caused a variety of phenotypes, including DCM, arrhythmia, and sudden death in this family. The clinical manifestations of the family with the same mutation are diverse. The early and severe onset in children may be the result of a combination of SCN5A and PRKAG2 mutations. This report shows that a similar phenotype caused by the same variant in a different ethnic background is strong evidence of the variant's DCM and arrhythmic causality. In addition, it broadens the spectrum of mutations in the SCN5A and PRKAG2 genes for possible combined pathogenesis. The dosage effect of the two mutations between the genotype and the phenotype needs further research. Gene diagnosis allows the early detection of patients with subclinical DCM and facilitates early interventions to improve a prognosis, which can be more helpful in the diagnosis and research of DCM.
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Danon disease is a rare X-linked dominant genetic disorder that manifests with a clinical triad of cardiomyopathy, skeletal myopathy, and intellectual disability. It is caused by mutations in the lysosome-associated membrane 2 (LAMP2) gene. We report one case of Danon disease and his family members, characterized by ventricular pre-excitation, ventricular hypertrophy, abnormal muscle enzymes, and aberrant liver function. All the patients were confirmed to have Danon disease through genetic screening. Relevant literature was reviewed as a reference for the diagnosis and treatment of the disease.
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INTRODUCTION

Danon disease (DD; MIM#300257) refers to a rare lysosomal storage disease with various manifestations. Male patients display severe cardiomyopathy, skeletal myopathy, and developmental delay, while females show cardiac insufficiency and arrhythmia (1). Moreover, retinopathy in pigment epithelium, lens damage and unusual electroretinograms are also reported (2). DD was first described in 1981, in male members of a family who complained of limb weakness but were found with myocardial hypertrophy (3). The biopsy of skeletal muscle revealed vacuole bodies in the cytoplasm which contained autophagic material and glycogen. Nishino et al. (4) confirmed mutation of the lysosome-associated membrane 2 (LAMP2) gene (Xq24-q25) and the subsequent loss of LAMP-2 protein in these patients.

The pathology of DD includes vacuoles containing autophagic substances and the accumulation of massive glycogen in cardiomyocytes and skeletal muscle cells (1). Patients with DD display prominent ventricular hypertrophy and dilatation, with the former arising more in males. Female patients usually evince electrical conduction anomalies such as ventricular pre-excitation (5). Male patients with X-linked dominant inheritance pass the tendency to daughters, but not sons. Therefore, more females than males theoretically suffer from DD, although for the atypical symptoms, most cases are not identified in females. Mild cardiac disorders will develop swiftly into end-stage heart failure in the third decade of life unless the patient receives heart transplantation (6).

The present study reports one case of DD and his family members within three generations (see Supplementary Figure 1 for the comprehensive pedigree). To provide a reference for clinical practice, we searched more than 15 years of medical history and relevant literature in PubMed to review the manifestations, causes, diagnosis, therapy, and prognosis of DD.



METHODS

The six patients were collected from 2003 to 2021 at Fuyang People’s Hospital in the province of Anhui, China. All the medicines, medical procedures, and mechanotherapy conformed to the recommendation of the Chinese Guidelines for Diagnosis and Treatment of Heart Failure (2018) and Atrial Fibrillation: Current Understanding and Treatment Recommendations—2018 (7, 8).



REPORT ON THE CASE AND FAMILY MEMBERS


Case (III4)

The proband (Pt 1) was a male aged 16 years who was admitted to hospital for palpitation. The electrocardiogram (ECG) showed overt ventricular pre-excitation with 74 ms of PR interval, > 2.5 mV of RV5, > 4.0 mV of RV5 + SVl, > 1.5 mV of RI, > 1.2 mV of RaVL, and > 2.0 mV of RaVF, which suggested a hypertrophic remodeling of the left ventricle. Secondary ST-T changes were present in all leads and Delta-waves were detected in II and III leads. The narrow QRS tachycardia indicated atrioventricular reentrant tachycardia (Figures 1A,B). The serum concentrations of creatine kinase (1129.6 U/L), alanine transferase, and aspartate aminotransferase were higher than normal. Echocardiography detected hypertrophy in the ventricular septum and left ventricular wall (Supplementary Figure 2). A diffused thickness of the left ventricle and multiple patchy delayed enhancements were observed on the magnetic resonance imaging (MRI, Supplementary Figure 3). Pt 1 received radiofrequency ablation (RFA) of multiple atrioventricular accessories. After the treatment, the pre-excitations in the ECG disappeared and the PR interval was restored, but the hypertrophic remodeling of the left ventricle remained (Figure 1C). The patient has been taking metoprolol tartrate (25 mg/d) and benazepril (5 mg/d) orally. Motor function and muscle strength are normal. A genetic test revealed a hemizygous mutation in the LAMP2 gene (LAMP2: c.963G > A: Figure 2). Throughout the treatment period, the patient showed a quite good compliance and tolerance and was satisfied with the curative effect. During the subsequent 2 years of follow-up, echocardiography still indicated a hypertrophic wall of the left ventricle, and the serum creatine kinase remained abnormal (1,432 U/L, 2 months after the treatment). The patient reported average muscular strength, but low performance in primary school (not verified by professional tests). There was no indication of heart failure in the patient.


[image: image]

FIGURE 1. Electrocardiogram (ECG) of patient 1. (A) ECG before operation showing sinus rhythm and 74 ms of PR interval. Delta-wave (black arrowhead) was present in II and III leads. RV5 > 2.5 mV and RV5 + SVl > 4.0 mV in precordial leads. RI > 1.5 mv, RaVL > 1.2 mv, RaVF > 2.0 mv with secondary ST-T changes (red arrow). (B) Narrow QRS tachycardia indicating atrioventricular reentrant tachycardia (AVRT). (C) ECG after operation showing sinus rhythm and 144 ms of PR interval. No δwave presented, but the hypertrophic remodeling of left ventricle still existed.
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FIGURE 2. Gene sequence of the III4 (Pt 1, subject), II3 (subject’s father) and II4 (Pt 2, subject’s mother).




Family Member 1 (II4)

Pt 1’s mother (Pt 2), aged 38 years, was repeatedly admitted to hospital due to palpitation, chest tightness, short of breath or low endurance to activity. Atrioventricular reentrant tachycardia and hypertrophic cardiomyopathy (HCM) was diagnosed. The electrophysiological examination suggested a concealed accessory pathway in the right anterior interventricular septum. Echocardiography and MRI revealed a thick interventricular septum and posterior wall in the left ventricle (Table 1 and Supplementary Figures 4, 5). From 2003 to 2021, the patient’s condition aggravated bit by bit, successively developing dilated cardiomyopathy, complete left bundle branch block (CLBBB), ventricular premature beats with a QRS wave width of 150 ms (Figures 3A,B), and paroxysmal atrial fibrillation (Figure 3C). The cardiac function attenuated to New York Heart Association (NYHA) functional classification III. Transesophageal echoaortography revealed left atrial appendage thrombosis. After 3 months of regular anticoagulation therapy, the patient received RFA (Supplementary Figure 6), which recovered sinus rhythm (Figure 3D) and improved the cardiac function to NYHA II. However, her condition worsened again soon after the procedure, with an enlarged heart, moderate pulmonary hypertension, right heart failure, and liver failure. The cardiac function was at NYHA III-IV, which improved to NYHA II after medication treatment, but this improvement also lasted for a short time. The patient was soon barely able to get out of bed and the ECG showed sinus tachycardia and CLBBB with a QRS wave width of 220 ms (Figure 3E). Multiple organ failure appeared. Standard medication treatment failed to alleviate the situation and the blood pressure of the patient fluctuated at 75–85/50–60 mmHg. Therefore, a cardiac resynchronization therapy defibrillator (CRT-D) was implanted (Supplementary Figure 7). The post-operative ECG showed sinus rhythm and biventricular pacing with 190 ms of QRS wave width (Figure 3F). The blood pressure stayed above 95/65 mmHg, with the clinical symptoms overtly improved. Electromyogram (EMG) revealed no abnormality all the way. The patient also received funduscopy examination which found normal cup to disk ratio and no hypopigmentation. The medication of the patient included oral metoprolol (23.75 mg/d), spironolactone (20 mg/d), furosemide (20 mg/d) and benazepril (5 mg/d), which was later replaced by valsartan (50 mg/d). At the same time, amiodarone (0.2 g/d) and rivaroxaban (15 mg/d) were given to manage arrhythmia and hypercoagulability, respectively. During the treatment, the patient consistently complained of fatigue, and she remains under follow-up as of this writing. The genetic testing unveiled a similar mutation in LAMP2, as in Pt 1 (Figure 2).


TABLE 1. Echocardiograph indexes of Pt 2.
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FIGURE 3. ECG of patient 2. (A) The earliest ECG of patient showing sinus rhythm and complete left bundle branch block (CLBBB) with the width of QRS wave of 150 ms. (B) Sinus rhythm, CLBBB and frequent ventricular premature beat. (C) Atrial fibrillation and CLBBB. (D) Recovered sinus rhythm after radiofrequency ablation. (E) The pre-operative ECG showing sinus rhythm, CLBBB and 220 ms of QRS wave width. (F) Post-operative ECG showing sinus rhythm and 190 ms of QRS wave width.




Family Member 2 (II2)

Pt 3 was the elder sister of Pt 2, aged 40 years, and was hospitalized twice for chest tightness. The coronary angiography showed coronary atherosclerosis and coronary myocardial bridge. The ECG indicated atrial premature contractions, ventricular premature contractions, and poor R wave progression. The echocardiography showed enlargement of both atriums, but normal ventricular wall thickness (Supplementary Figure 8). Heart MRI showed diffuse late gadolinium enhancement in the subendocardium and midmyocardium of the left ventricular wall (Supplementary Figure 9). The EMG was normal for this patient. The medication consisted of oral metoprolol (50 mg/d), furosemide (20 mg/d), spironolactone (20 mg/d), warfarin (2.5 mg/d) and valsartan (50 mg/d). The genetic test revealed the similar mutation of LAMP2 as in Pt 1. At present, Pt 3 performs normal daily activities competently. The most recent evaluation showed NYHA I cardiac function.



Family Member 3 (II6)

Pt 4 was the younger sister of Pt 2, without a medical record. The echocardiography found no anomaly. ECG showed sinus rhythm and aberrant Q wave on the I and aVL leads. The genetic test revealed that she and her two sons held the similar mutation of LAMP2 as in Pt 1. During the follow-up, the patient reported a normal life.



Family Member 4 (III5)

Pt 5, aged 8 years, was one of the sons of Pt 4. The genetic test indicated the mutation of LAMP2 as in Pt 1. No clinical manifestation was detected except higher serum concentrations of creatine kinase, lactate dehydrogenase, α-hydroxybutyrate dehydrogenase, alanine transferase, and aspartate aminotransferase. The ECG and echocardiograph suggested hypertrophic ventricles. The follow-up found no abnormity in the patient.

Family member 5Pt 6, aged 2 years, was another son of Pt 4. The genetic test revealed the similar mutation in LAMP2 as for Pt. 1, and the echocardiograph showed a thickened ventricular wall. The patient remained healthy during the follow-up.




DISCUSSION

Limited studies have shown a 4–6% rate of DD in pediatric patients with HCM, 0.7–4% in adults with HCM, 6–8% in adults with symmetric HCM, 17–30% in LV hypertrophy with pre-excitation, and 33% in HCM with vacuolar cardiomyopathy (9–11). All patients with DD develop cardiomyopathy, with males more prone to HCM, and females to HCM or dilated cardiomyopathy. In addition, most female patients present with mild symptoms and later onset compared with males (6). Electrocardiographic anomaly exists in 86–100% of male patients with DD (12), which is in accord with the present results that 5 patients of 6 evinced significant ECG disorders. Therefore, HCM accompanied with pre-excitation syndrome in a young male strongly implies DD. The underlying mechanisms remain debated, but may be associated with myocardial hypertrophy, defective autophagy, or microscopic atrioventricular connection (13).

Atrioventricular bundle passage could be a sign of DD, and 35–50% of patients with DD suffering from heart block are in need of pacemaker implantation (1). Moreover, frequent atrial fibrillation (AF), flutter, and life-threatening ventricular arrhythmias appear in 60% of DD cases (14). AF may aggravate heart failure, so when confirmed, should be watched for closely. RFA for cases of DD may not be successful due to resistance of diffuse fibrosis (1). In the present study, both Pt1 and Pt2 benefited from RFA, indicating that the fibrosis may not have been severe.

The left ventricular hypertrophy develops into dilated cardiomyopathy (DCM) in 10–33% of DD cases (6). This condition tends to quickly worsen to heart failure (15). Cardiac MRI, especially the T1 mapping and extracellular volume measurement, helps the diagnosis and prognostic assessment of DD (15, 16). Myocardial fibrosis signs in MRI determine the necessity of implantable cardioverter-defibrillator installation or heart transplantation (16).

Cardiac embolic stroke and ischemic thromboembolic stroke usually arise in DD (17) indicating a poor prognosis, so the anticoagulation therapy should be arranged when representative signs appear in MRI. The situation of Pt 2 in our study was relatively complicated with the onset of heart failure and left atrial appendage thrombosis. However, the anticoagulation treatment still apparently improved the condition and allowed the patient the opportunity to get RFA.

Skeletal muscle lesions are present in 80–100% of male patients with DD, which in general is mild, but turns severe occasionally and is always accompanied with 3-to-35 times higher serum creatine kinase activity (18). Females are relatively free from skeletal muscle injury and aberrant creatine kinase (to twice higher than normal). Moreover, hepatomegaly, hepatopathy, and elevated liver enzymes in childhood appear frequently in DD (1). In our results, the motor function and muscle strength of the six patents were normal, but the serum creatine kinase content become higher in Pt1 and Pt5 indicating the possible damage of skeletal muscles.

At least 110 types of mutations have been reported in the LAMP2 gene, of which c.926G > A is the commonest. Most mutations were non-functional (i.e., insignificant or a frameshift lack/insert) or splicing. Missense mutation, recombination, or synonymous substitution are rare (6). It has been reported that the eight mutations of LAMP2 accounts for the specific manifestations of DD including microdeletions, insertions, non-sense point mutations, intronic point mutations and 10-bp deletion (19). In the present study, the c.963G > A mutation was a novel discovery.

As for the treatment of DD, the ultimate strategy should be heart transplantation, especially for the female carriers (18, 20). Before the operation, a left ventricular assist device should be applied at a right time as it is crucial for maintaining the residual cardiac capacity. To avoid sudden death, cardioverter defibrillator is also a useful treatment, for which the subcutaneous is more impressive than intravenous implantation in ending ventricular tachycardia (21). With the growing utilization of molecular genetic tests in cardiomyopathy of unknown origin, more DD cases will be recognized. However, for now, genetic and protein therapies remain unavailable (22, 23).

In the present study, the DD arose earlier in the males. As seen in Pt 6, the onset age was just 2 years. All the males showed typical clinical manifestations such as LVH, and one developed Wolff-Parkinson-White syndrome. Thus, in a youth with HCM and ventricular pre-excitation, DD should be strongly considered. Liver dysfunction and skeletal muscular impairment were also more common in males in the present study; the females showed diversified cardiac manifestations, and two developed heart failure during follow-up. The definitive gender difference implies that DD occurs later in females than in males, at the age of about 30 years. The two female patients in our study displayed atrial arrhythmias at the beginning, which exacerbated the heart failure significantly. The gender-associated difference in clinical manifestations may be due to estrogen, which promotes autophagy and a lysosome pathway in multiple cells (24).

Regarding diagnosis, a family genetic screen and carrier deduction based on a genetic map should be conducted. Moreover, the cardiac MRI of the three patients in the present study identified delayed enhancement in the myocardium and high T1-mapping, which is valuable for the differential diagnosis of patients with HCM.

If clinical manifestations are not present, a close follow-up is necessary. With the advent of Wolff-Parkinson-White syndrome or atrial arrhythmias, medication or RFA should be considered. Malignant ventricular arrhythmia demands the installation of an implantable cardioverter-defibrillator. If the condition has developed into heart failure, active medication treatment should be effective. For patients who are insensitive to medication, an active CRT-D implantation is suggested.

It has been mentioned that some DD cases develop abnormalities in cerebral vessels (25), which, however, was not examined in our case series. This is a limitation of the study.

Overall, the auxiliary device implantation at an early stage would improve heart function or defer the exacerbation of cardiac performance in patients of DD. However, all these treatments are only palliative or delay the deterioration of the condition. Without heart transplantation or future gene therapy, most patients will die within the ages of 40–50 years. Unfortunately, although we have recommended patient 2 to make an appointment for HTx, they refused to follow the suggestion for economic reasons or the lack of understanding on severity of the disease.
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Pheochromocytoma is a benign catecholamine secreting tumor, which is rare and originates from the adrenal gland. It has been known for a wide range of clinical manifestations and can mimic other difficult-to-diagnose diseases. Here, we report a female patient with acquired long QT syndrome, which is a rare complication of pheochromocytoma. Although relatively rare, the presence of pheochromocytoma should be considered in the case of malignant arrhythmias and electrocardiographic changes in patients.
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INTRODUCTION

Pheochromocytoma is a benign catecholamine-secreting tumor, which is rare and originates from the adrenal gland. It has been known for a wide range of clinical manifestations and can mimic other difficult-to-diagnose diseases. Here, we report a female patient with acquired long QT syndrome (LQTs), which is a rare complication of pheochromocytoma. Although the clinical symptoms of this case are atypical, the pathologic and computed tomography (CT) scan imaging findings of this case are typical. It is worth the communication and learning of physicians.



CASE PRESENTATION

A 58-year-old woman came to an emergency department with a 6-day history of dizziness, headache, and syncope. Prodromal symptoms included palpitation and nausea but did not occur every time. She had no chest pain, dyspnea, fever, hematemesis, hematochezia, epileptic seizures, hemiplegia, aphasia, or urinary or fecal incontinence. Each syncope episode could be a spontaneously complete recovery, but it appeared to be unrelated to posture, emotion, or situation. She was presented to an emergency department at another institution but, unfortunately, was not diagnosed. However, her symptoms continued to worsen, and syncope episodes became more frequent (Table 1).


Table 1. Timeline.

[image: Table 1]

The patient had a medical history of hypertension. She was treated with 5 milligrams of amlodipine per day. Her blood pressure was unstable and often fluctuates, especially over the past 1 month. The patient had no history of trauma, autonomic nerve failure, epilepsy, or congenital heart disease. She did not smoke, drink, or use illegal drugs. No family history of syncope and sudden death.

Again, the patient syncope and ECG monitoring showed torsade de pointes (TdP) (It was a pity that the ECG was not recorded in time), which was converted with cardiopulmonary resuscitation. The patient was admitted to the coronary care unit (CCU) and further treatment was initiated. On physical examination, the temperature was 36.4°C, the respiratory rate was 20 breaths per minute, the heart rate was 74 beats per minute, the blood pressure 117/74 mmHg, and the oxygen saturation was 98%. Her cardiopulmonary and neurological examinations were normal.

Laboratory testing showed a maximum troponin I (TNI) level of 0.32 ng per milliliter (normal value, <0.3 ng per milliliter), maximum creatinine kinase-MB (CK-MB) of 41 IU per liter (normal value, <25 IU per liter), and a maximum N-terminal pro-B-type natriuretic peptide (NT-pro BNP) of 5,138.77 pg per milliliter (normal value, <450 pg per milliliter). Her fasting blood glucose was 11.46 mmol per liter (206.3 mg per deciliter) (normal value, <7 mmol per liter) [126 mg per deciliter] and hemoglobin a1c (HbA1c) of 8.3% (normal value, <6.5 %). The patient was newly diagnosed with diabetes. Hemoglobin, blood gas analysis, D dimer, serum sodium, potassium, magnesium, calcium, renal, liver, and thyroid levels were all within normal limits. The patient's electrocardiograph (ECG) showed a sinus rhythm of 67 beats per minute, ST-segment depression in V4-V6. Most notably, it showed a QTc interval of 661 ms (Figure 1A). Echocardiography revealed a hypertrophic ventricular wall with an ejection fraction (EF) of 63%. Coronary CT angiography (CTA) suggested mild stenosis of the left anterior descending branch. Chest CT and cerebral CT were normal. The patient was not taking medications that caused QT prolongation.


[image: Figure 1]
FIGURE 1. Electrocardiograph (ECG). ECG at admission shows sinus rhythm and QTc interval of 661 ms [(A) red arrow]. After excision of pheochromocytoma, ECG shows normalization with QTc of 404 ms [(B) green arrow].


During the hospitalization, the patient underwent an abdominal CT scan. As a result, a 53 × 58 mm right adrenal heterogeneous mass was detected. The unenhanced CT attenuation was 45 Hounsfield units (HU). Axial contrast-enhanced CT demonstrated a mass consisting of solid enhancement and cystic components (Figures 2A,B).


[image: Figure 2]
FIGURE 2. CT of abdomen. A computed tomographic (CT) of the upper abdomen (axial view) shows a 53 mm*58 mm heterogeneous tumor of the right adrenal gland [(A) red arrow]. Axial contrast-enhanced CT image shows the mass compose of solid enhancing component and cystic component [(B) green arrow].


Adrenal endocrinology examinations were used for differential diagnosis. Plasm renin activity was 3.03 ng per milliliter per hour (normal value,1.31–3.95 ng per milliliter per hour), aldosterone was 35.38 ng per deciliter (normal value,7.6–30 pg per deciliter), morning adrenocorticotropic hormone (ACTH) was 2.84 ng per liter (normal value,10–90 ng per liter), cortisol at 8:00 568.4 nmol per liter (normal value,171–536 nmol per liter), cortisol at 16:00 457.4 nmol per liter (normal value,64–340 nmol per liter), cortisol at 0:00 450 nmol per liter (normal value,171–536 nmol per liter), 24-h urinary dopamine was 541.21 ug (normal value, <600 ug), 24-hr urinary norepinephrine was 659.63 ug (normal value, <90 ug), 24-h urinary adrenaline was 73.21 ug (normal value, <20 ug), and 24-h urinary vanillylmandelic acid (VMA) of 29.2 mg (normal value, <12 mg).

Two weeks later, after being prepared according to the guidelines for pheochromocytoma resection, she underwent endoscopic retroperitoneal adrenalectomy. Histopathologic examination of the adrenal mass showed that it was a typical pheochromocytoma, with large polygonal cells arranged in a thick nest and separated by a rich capillary network (zellballen appearance) (Figure 3A). Positive expression of tyrosine ki-67, CgA, Syn, and NSE on immunohistochemical examination (Figure 3B). After 1 month follow-up, the patient's ECG was completely normal with a QTc of 404 ms (Figure 1B). She is free of syncope but still has hypertension with amlodipine.


[image: Figure 3]
FIGURE 3. Histologic findings. Histological evaluation of adrenal neoplasms revealed rounded to polygonal cells with abundant granular amphoteric cytoplasm arranged in well-defined nests [(A) hematoxylin, and eosin]. Immunohistochemical testing shows positive expression of CgA (B).


The patient does not experience syncope after surgery, and ECG indicates that QT returned to normal, confirming our assessment that pheochromocytoma is the cause of her problem.

Germline genetic testing found no mutation associated with inherited LQTs (KCNQ1, KCNH2, SCN5A, KCNE1, KCNE2, etc.), but found a mutation in SDHB associated with pheochromocytoma. SDHB mutation is a type of familial paraganglioma syndrome, which is characterized by paragangliomas with high metastatic risk in the mediastinum, thorax, abdomen, and pelvis.

Approximately 70–75% of patients with inherited LQTs have mutations, and more than one-third of patients with acquired LQTs also carry mutations in one of the major LQTs-related genes, of which KCNH2 is the more common. All the common long QT-related genes in the patient are negative. In combination with her characteristics, we considered it as an acquired LQT. Furthermore, we detect gene mutation associated with pheochromocytoma, confirming again that the etiology of the patient is pheochromocytoma.



DISCUSSION

Syncope is one of the most life-threatening conditions, and many people suffer from recurrent syncope without being diagnosed or treated. It is estimated that about half of people have syncope at least once in their life (1). The annual incidence of syncope in older patients was 7%, the overall prevalence was 23%, and the 2-year recurrence rate was 30%. Cardiogenic syncope is the most dangerous form, and arrhythmia is one of the most common causes of cardiogenic syncope, which is more dangerous than other etiology (2, 3).

The LQTs are an inherited or acquired heart diseases characterized by prolonged QT on the ECG, and an increased risk of life-threatening ventricular arrhythmias (4). Acquired LQTs are far more common than congenital LQTs and may be the result of pharmacologically affected electrolyte disturbances and endocrine imbalance (such as pheochromocytoma). LQTs are defined as prolongation of the QTc for heart rate, in adult males and children at >440 ms, or women at >460 ms. Approximately 16–35% of patients have varying degrees of QT prolongation, but QTc is rarely more than 600 ms as described in the literature. In our case, QTc at admission is 661 ms, which is very easy to induce TdP. TdP is a type of polymorphic ventricular tachycardia, which is characterized by a gradual change and distortion of the magnitude of the QRS complex wave around an isoelectric line on the ECG. It usually occurs in the setting of a prolonged QT interval.

Pheochromocytomas and paragangliomas (PPGLs) are rare neuroendocrine chromaffin tissue tumors that may produce catecholamines (5). About 80–85% of PPGLs come from the adrenal medulla, which is called pheochromocytoma, whereas about 15–20% of PPGLs come from the sympathetic or parasympathetic paravertebral ganglia, which is called paragangliomas (6). The prevalence of hypertension among adult outpatients ranges from 0.1 to 0.6% (7, 8). The effects of catecholamines on different organs depend on their blood concentration and the types of adrenergic receptors in the organs. So, there are highly variable clinical symptoms and signs, which can lead to delay in diagnosis, but the most common symptoms are headaches, sweating, heart palpitations, and hypertension. Serious potential cardiovascular complications include arrhythmia, hypotension, myocardial ischemia, shock, aortic dissection, cardiomyopathy, and peripheral ischemia (9). In a retrospective study of 145 subjects, arrhythmias occurred in 15 subjects. Ventricular tachycardia was found in 2 subjects, one of whom was TdP (10). Although ventricular arrhythmias are a rare complication of PPGLS, they can occur (11–16). The mechanism of QT prolongation and TdP is not very clear. We speculate that it may have been related to the presence and relative proportion of catecholamines secreted. Adrenergic stimulation can prolong the QT interval by prolonging the duration of the action potential. In addition, the increase of myocardial heterogeneity and the triggering of early afterdepolarization (EAD) are also mechanisms.

The diagnosis of pheochromocytoma is difficult owing to the rarity of the disease, the nonspecific clinical manifestations, and the uncertainty of its location. As in our case, syncope may be the first symptom, making the diagnosis of pheochromocytoma challenging and important. This case highlights the steps to diagnose pheochromocytoma. First, if pheochromocytoma is suspected, biochemical testing should be initiated, including measurement of fractionated metanephros's and catecholamines in a 24-h urine or plasma specimen. In addition, we should also be aware of false negatives and false positives in food, drugs, and other disease states, and biochemical testing should be repeated later, during episodes of symptoms that may be caused by catecholamines.

Secondly, when there is clear biochemical diagnostic evidence, the imaging study of the adrenal gland should be started. The various imaging appearances on ultrasound, CT, MRI, and functional imaging can be complementary and have characteristics that may help distinguish them from other masses of the adrenal. If MRI or CT imaging is normal and there is a strong biochemical suspicion that it is a tumor, or there is radiological evidence that it is a paraganglioma or metastatic disease, the patient should be given iodine-123 metaiodobenzyl guanidine scan and may also undergo fludeoxyglucose positron emission tomography CT (17).

Thirdly, previous studies have shown that more than 40% of patients, who develop pheochromocytoma, carry germline mutations (18, 19). Ideally, all patients with pheochromocytoma should undergo genetic testing because the results of genetic testing can better guide the clinical treatment and prognosis (20). Genetic analysis of our case reveals gene mutation in SDHB. Patients with SDHx mutations usually have head-and-neck paragangliomas, but pheochromocytomas and retroperitoneal paragangliomas are found primarily in carriers of SDHD, SDHB, and SDHA mutations (21, 22). Fortunately, no tumor was found except in the adrenal gland. After surgery, hormone levels returned to normal and symptoms disappeared, confirming the absence of tumors elsewhere. However, the long-term clinical prognosis needs to be further evaluated with follow-up.

The PPGL is pathologically characterized by a nest of tumor cells separated by surrounding capillaries, namely Zellballen. PPGLs express generic neuroendocrine markers, of which chromogranin A and synaptophysin are most often utilized, which helps distinguish them from other neuroendocrine tumors. Malignant PPGLs are defined by the presence of chromaffin cells in tissues and sites that normally do not contain these cells (23).

If pheochromocytoma is removed timely, the prognosis is favorable. However, the prognosis is poor in patients with metastases, which especially occur in patients with large and extra-adrenal tumors. After resection, patients with PPGLs have reasonable outcomes and biochemical reaction and blood pressure control are improved. All patients with PPGLs need biochemical and potentially radiological surveillance.



PATIENT PERSPECTIVE

“As a patient, I am glad that the cause of the disease has been found and solved. My illness came suddenly. I couldn't find the cause at first and the symptoms continued to worsen, which frightened me. I was surprised to learn that my syncope and abnormal ECG were caused by a mass in the abdominal cavity because I had never found an abdominal mass before. Finally, I am very grateful to the doctor who has treated me”.



CONCLUSION

In summary, there are several important points to be learned from this case. First, when evaluating patients with common syncope symptoms, physicians need to consider both rare and severe causes. Second, pheochromocytoma can be lethal if it is undiagnosed or misdiagnosis. Thus, rapid, and correct recognition is crucial. Third, if the reversible cause of TdP is identified, surgical resection of the tumor will cure and avoid unnecessary ICD implantation.
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Eosinophilic granulomatosis with polyangiitis (EGPA) is a systemic vasculitis involving small-to-medium-sized vessels characterized by asthma, vasculitis, and peripheral eosinophilia. EGPA-associated eosinophilic myocarditis (EM) occurs rarely, yet can be fatal if left untreated. Moreover, the accurate diagnosis of EGPA-associated EM without vasculitis is exceptionally difficult because of the overlapping features with EM of other causes. We report a case of probable EGPA with subclinical neurological involvement that presented with acute EM. The constellation of peripheral eosinophilia, left ventricular dysfunction, and normal epicardial coronary arteries raised suspicion of acute EM, which was confirmed by cardiac magnetic resonance (CMR) investigation and endomyocardial biopsy (EMB). Prompt systemic administration of corticosteroids completely restored and normalized myocardial structure and function. Although the patient's history suggested the presumed hypersensitivity myocarditis, EMB revealed EM without vasculitis, not hypersensitivity, leading to a tentative diagnosis of idiopathic hypereosinophilic syndrome. Interestingly, the characteristic findings of vasculitis on CMR imaging strongly suggested EGPA-associated EM. Although the patient had no clinical neurological manifestations, a nerve conduction study confirmed mononeuritis multiplex, leading to the final diagnosis of probable EGPA. Therefore, this case highlights the diagnostic challenge associated with EGPA and the diagnostic synergy of CMR and EMB for an exploratory diagnosis of EGPA-associated EM.

Keywords: EGPA, acute EM, hypereosinophilia, CMR, EMB, corticosteroid treatment


INTRODUCTION

Eosinophilic granulomatosis with polyangiitis (EGPA), previously known as Churg-Strauss syndrome, is a multisystem disorder characterized by necrotizing vasculitis of small-to-medium-sized vessels, with the coexistence of asthma, rhinosinusitis, and marked peripheral eosinophilia (1). EGPA-associated eosinophilic myocarditis (EM) is rare but can be fatal (1, 2). Because EM has multiple etiologies with overlapping clinical and biological features, a definitive diagnosis of EGPA-associated EM remains challenging in the absence of clinical manifestations of vasculitis. Therefore, a promising strategy to accurately diagnose EGPA-associated EM needs to be formulated.



CASE DESCRIPTION

A 72-year-old woman was admitted to our hospital with worsening chest pain. She had a history of asthma and was treated with a fluticasone furoate/vilanterol (inhaler), theophylline (200 mg/day), ambroxol hydrochloride capsules (45 mg/day), montelukast (10 mg/day), and mequitazine (6 mg/day). Her treatment was aided with short-term use of oral prednisolone as required. The patient's general practitioner switched her from regular branded medications to generic medications 1 month prior to her admission. A week before admission, she experienced chest pain, characterized by chest tightness on exertion that disappeared on rest. Her symptoms worsened and were accompanied by dyspnea on effort (New York Heart Association class II–III). Her vital signs were as follows: blood pressure 118/73 mmHg, heart rate 87 beats/min, temperature 37.3°C, and oxygen saturation 97%. The physical and neurological examination results and chest radiographs were unremarkable. The electrocardiogram (ECG) showed pathologic Q waves in V2 to V3, and negative QRS complexes including rS morphology in the inferior leads, diagnosed as a left anterior fascicular block (Supplementary Figure 1A). The laboratory testing revealed a significant eosinophilia with an eosinophil percentage of 67.6% (normal <6%) and an absolute eosinophil count (AEC) of 10,410/μL (normal <500/μL), elevated brain natriuretic peptide level of 536 pg/mL (normal <18.4 pg/mL), and elevated cardiac biomarkers levels as follows: creatine kinase, 473 U/L (reference: 41–153 U/L); CK-MB, 39 U/L (normal <25 U/L); aspartate aminotransferase, 72 U/L (reference: 13–30 U/L); lactate dehydrogenase, 613 U/L (reference: 124–222 U/L); and high sensitivity cardiac troponin I, 47,875.3 pg/mL (normal <26.2 pg/mL). The levels of the inflammatory markers were also elevated—the C-reactive protein was 0.65 mg/dL (normal <0.3 mg/dL) and the erythrocyte sedimentation rate was >110 mm/h (reference: 3–15 mm/h). The results of renal function and urinalysis were normal. Further laboratory studies revealed elevated levels of serum IgE at 1,840 IU/mL (normal <173 IU/mL) and rheumatoid factor at 204 IU/mL (normal <15 IU/mL). In addition, the levels of the Th2 cytokines-related interleukins (IL) were also raised—IL-4 was 7.7 pg/mL (normal <3.9 pg/mL) and IL-5 was 30 pg/mL (normal <3.9 pg/mL). Anti-neutrophil cytoplasmic antibodies (ANCA) were not detected. Echocardiography revealed a mildly thickened myocardium and significant left ventricular (LV) systolic dysfunction with an ejection fraction of 43%. In addition, speckle-tracking echocardiography showed a reduced baseline global longitudinal strain of −9.9% (Figures 1A–C and Supplementary Video 1). Accordingly, we made a tentative diagnosis of acute coronary syndrome (ACS). An emergency coronary angiography was performed after pre-treatment with methylprednisolone (250 mg) that was administered to prevent allergic contrast reactions for the patient with asthma. The angiogram revealed normal epicardial coronary arteries. Therefore, acute EM was suspected, and cardiac magnetic resonance (CMR) was performed to assess the myocardial tissue (Figures 2A–C and Supplementary Video 2). Myocardial first-pass perfusion (FPP) imaging showed patchy and circumferential subendocardial perfusion defects (arrowheads), suggesting microvascular disorders. CMR also showed subendocardial late gadolinium enhancement (LGE) as multiple and lobulated high-signal intensity spots (arrows), which suggested vasculitis. The T2-weighted image showed a transmural high-intensity signal throughout the myocardium, corresponding to myocardial edema. Acute myocarditis was diagnosed based on the Lake–Louise criteria. These findings were consistent with acute EM. Simultaneously, an exhaustive diagnostic workup for hypereosinophilia was performed. Its differential diagnoses include hypersensitivity myocarditis (HSM), EGPA, parasitic infections, hematologic malignancies, and lymphocytic/idiopathic hypereosinophilic syndrome (HES). Considering the patient's recent medical history, HSM was initially suspected as the cause of EM. The generic drugs being administered to the patient were discontinued after admission. A subsequent endomyocardial biopsy (EMB) was performed, which demonstrated marked extravascular eosinophilic infiltrates without granulomatous and fibrinoid necrotizing vasculitis (Figure 3A). Numerous eosinophilic infiltrations, with degranulated eosinophils admixed with lymphocytes and myocyte necrosis, were observed in the myocardial interstitium that extended to the endocardium (Figures 3B,C). Moderate endocardial thickening and perivascular interstitial fibrosis were observed (data not shown). Immunostaining was performed to identify the major basic proteins revealed extensive staining in the endocardium and myocardial interstitium (Figure 3D). These findings led to the final diagnosis of acute EM. Subsequently, the patient was treated with intravenous methylprednisolone (1 g/day for 3 days), followed by oral prednisolone (1 mg/kg/day). The clinical response to steroid treatment was remarkable, with significant recovery of LV dysfunction, hypereosinophilia, and elevated cardiac enzyme levels within 21 days of steroid treatment (Figures 1D–F and Supplementary Video 3). Follow-up ECG showed resolution of all abnormal findings recognized during the initial ECG (Supplementary Figure 1B). On day 33, the patient was discharged after administration of prednisolone (15 mg/day), with a gradual tapering of the doses. On day 56, the patient remained asymptomatic, with fully recovered cardiac function observed on echocardiography (Supplementary Figure 2 and Supplementary Video 4). Moreover, the abnormal findings of the CMR resolved completely (Figures 2D–F and Supplementary Video 5). On day 75, prednisolone was tapered and finally discontinued in the outpatient clinic. However, her asthma precipitated again 2 weeks later, which was concurrent with an eosinophilia count of 1,512/μL. Since a thorough diagnostic workup for hypereosinophilia was negative, idiopathic HES was also considered. Although the patient had no clinical neurological manifestations, her CMR findings were suggestive of vasculitis, which encouraged us to perform a nerve conduction study that revealed mononeuritis multiplex. Eventually, as per the diagnostic criteria of the American College of Rheumatology (ACR) for EGPA, the patient met four of the six items (asthma, eosinophilia >10%, mononeuritis multiplex, and extravascular eosinophilia). However, a histological diagnosis of vasculitis could not be performed because the patient refused nerve biopsies. Therefore, the final diagnosis of probable EGPA was made. The patient was restarted on prednisolone treatment (15 mg/day). At the 1-year follow-up, the patient remained clinically stable, with prednisolone tapered to 4 mg/day. As a supplement, we have presented a timeline for the case presentation (Supplementary Figure 3).


[image: Figure 1]
FIGURE 1. Clinical effects of corticosteroid treatment on TTE. TTE on admission reveals diffuse and symmetrical LV wall thickening (11 mm), decreased cavity size, reduced ventricular function, and GLS values of the LV (LVDd, 44 mm; LVEF, 43%; and GLS, −9.9%; respectively) (A–C). Follow-up TTE on day 21 after corticosteroid therapy reveals a significant decrease in LV wall thickness (8 mm) with concomitant improvement in cavity size, ventricular function, and GLS values of the LV (LVDd, 48 mm; LVEF, 50%; and GLS, −17.5%; respectively) (D–F). Ao, aorta; GLS, global longitudinal strain; LA, left atrium; LV, left ventricle; LVDd, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; TTE, transthoracic echocardiography.
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FIGURE 2. Changes in CMR findings in patients following corticosteroid treatment. CMR findings before (A–C) and after corticosteroid treatment (D–F). Myocardial first-pass perfusion imaging at rest (A,D), T2WI of the 2-chamber view (B,E), and LGE image (C,F). Ao, aorta; CMR, cardiac magnetic resonance; LGE, late gadolinium enhancement; LV, left ventricle; T2WI, T2-weighted image.
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FIGURE 3. Endomyocardial biopsy findings. Photomicrograph with hematoxylin and eosin staining (A–C) (bars: A, 100 μm; B and C, 20 μm). Photomicrograph showing immunostaining against the major basic protein (D) (bar: 50 μm).




DISCUSSION

EGPA is classified among ANCA-positive vasculitides, and its underlying pathological mechanism remains poorly understood. The widely accepted ACR criteria for EGPA include asthma, eosinophilia (>10% in the differential count), neuropathy, non-fixed pulmonary infiltrates, paranasal sinus abnormalities, and extravascular eosinophils. According to a study, the ACR criteria for the classification of vasculitis as EGPA yielded a sensitivity of 85.0% and specificity of 99.7%, when four or more of the aforementioned conditions were applicable (3). EGPA is commonly diagnosed at ~40 years of age and exhibits no gender predominance. Its reported prevalence is 10.7–18 per million in Europe and the United States (4, 5). EGPA progresses through three chronological phases: the prodromal phase with the occurrence of asthma and allergic manifestations; the eosinophilic phase, which is characterized by eosinophilic infiltration of the organs involving the lungs and the myocardium; and the vasculitic phase, which is characterized by organ damage due to vasculitis in small-to-medium-sized vessels in the skin, peripheral nerves, and kidneys. These three phases may overlap. Generally, EGPA has an excellent prognosis, with a 5-year survival rate of 97% (6). Cardiovascular involvement rarely occurs (about 16% of organ involvements), but is the leading cause of death in about 50% of cases (7). Although data on cardiac involvement in patients with EGPA are available in the literature, the number of reported cases of EGPA-associated EM is small (2, 8). Therefore, we conducted an updated systematic review of case reports to investigate the characteristics of EGPA-associated EM (Table 1). The literature search was performed using PubMed databases documented from 1983 to 2021, with the search restricted to studies published in English. We used the following MeSH terms: “eosinophilic granulomatosis with polyangiitis” or “Churg–Strauss syndrome” and “case report” and “myocarditis.” Moreover, we selected cases of EGPA-associated EM confirmed by EMB and/or CMR findings. Finally, 38 cases were included (9–46). The mean age of the participants included was 47 years with no gender predominance. The main extracardiac involvement was asthma, followed by peripheral neuropathy and constitutional symptoms (94.7, 52.6, and 23.7%, respectively). At presentation, the patients were commonly diagnosed with cardiac insufficiency (51.6%), ACS (21.1%), and cardiogenic shock (13.2%). As in our case, patients with EGPA-associated EM had a high rate of ANCA-negativity and presented with marked peripheral eosinophilia. Presence of LV dysfunction (66%) and pericardial effusion (47%) were frequently observed. A higher five-factor score was indicative of poor prognosis in 39% of the patients. Considering the number of cases with a poor clinical course, including sudden cardiac death (21%) and incomplete normalized cardiac function despite intensive treatment (26%), early recognition and treatment of EGPA-associated EM is required.


Table 1. Cases of EGPA-associated EM.

[image: Table 1]

Herein, we describe a previously undiagnosed case of probable EGPA with the development of acute EM, which was successfully treated with corticosteroid treatment. This case provides three clinical suggestions.

First, the clinical course, in this case, was acute EM without obvious vasculitis, which led to a delayed diagnosis of probable EGPA.

The typical symptoms of systemic vasculitis in EGPA include constitutional symptoms (fever, malaise, and weight loss), myalgia, mono/polyneuropathy (numbness, tingling, muscle weakness, and pain), skin symptoms (purpura and non-pruritic nodules), and gastrointestinal ischemic symptoms such as abdominal pain. However, none of the above symptoms, except for low-grade fever, were observed in our case. The present case exemplifies the following three diagnostic challenges of EGPA.

First, HSM was suspected based on the medication history. External factors such as exposure to allergens, infection, or vaccination can induce the development of EGPA. However, the symptoms precipitated even after discontinuation of the suspected drugs, and the histological findings on EMB confirmed that HSM was less likely. Anti-asthmatic drugs, such as leukotriene receptor antagonists and anti-IgE antibodies can trigger the development of EGPA; however, a direct causal relationship in our case was unclear. The anti-asthmatic effects of the drugs might have delayed the systemic administration of corticosteroids, resulting in the manifestation of EGPA (47).

Second, the main histopathological findings of EGPA, other than eosinophilic infiltration, were not observed in our case. EMBs in patients with EGPA-associated EM often show EM without vasculitis (2), which is probably attributed to the possibility of heterogeneous distribution of vasculitis, the small number of EMB samples, and the limited biopsy sites including the left ventricular apex and interventricular septum (Table 1). Besides, in the autopsy cases, it was very likely to detect evidence of vasculitis because the whole heart was able to be analyzed. Therefore, EGPA-associated EM cannot be ruled out based on the lack of histologic evidence of vasculitis in EMBs. In addition, because the histopathologic findings may vary by the phase of the disease, our patient might have been during the early vasculitic phase of the disease. Furthermore, the cases of EGPA-associated EM have a high frequency of coexisting asthma (94.7%) (Table 1). Therefore, inhaled corticosteroids for asthma, and corticosteroid prophylaxis for allergic reactions to the contrast media, might have contributed to the absence of typical histopathologic findings in our patient. Subsequently, this patient presented with a mononeuritis multiplex which was significantly associated with systemic vasculitis (48), leading us to believe that this patient was diagnosed with probable EGPA.

A third diagnostic challenge is the potential clinical and biological overlap between EGPA and idiopathic HES. HES is a sporadic disorder that is diagnosed based on the following criteria: elevated AEC (>1,500 cells/μL on at least two occasions), and/or pathologic confirmation of tissue hypereosinophilia. With great advances in the knowledge of eosinophil biology and molecular diagnostics, the classification of HES subgroups is evolving rapidly. The following six variants of HES have been proposed (49): (i) myeloid HES, (ii) lymphocytic HES, (iii) overlap HES—eosinophilic disorders overlapping in presentation with idiopathic HES (e.g., EGPA), (iv) associated HES (eg, parasite infections, drug hypersensitivities, or immunodeficiency), (v) familial HES, and (vi) idiopathic HES—eosinophilic disorders of unknown etiology. Because AECs are high (average: 6,716; range: 1,850–30,609) and ANCAs are often undetectable (87%) in EGPA-associated EM, the clinical characteristics of EGPA-associated EM are similar to those of idiopathic HES (50). Thus, it is crucial to distinguish between the two because they differ in treatment and prognosis. EGPA and idiopathic HES can be differentiated based on vasculitis (clinical or histological). Our case review showed that patients with established EGPA-associated EM had a high prevalence of neurological involvement (52.6%, Table 1). Considering ANCA-negativity and the absence of significant vasculitis, our case was difficult to distinguish from idiopathic HES. Generally, asthma is not mandatory for the diagnosis of EGPA (3) and can also be found in patients with any variants of HES. Nevertheless, given that the overwhelming majority of patients with EGPA-associated EM have concomitant asthma of 94.7% as shown in Table 1, our case underscores the critical importance of preferentially considering EGPA as the causative etiology in cases of EM with asthma. A study analyzing 179 cases with histologically proven EM reported the prevalence of a history of asthma to be 68% in the EGPA group, 21% in the idiopathic/undefined group, and 23% in the HES group (51), which suggested that EGPA might not have been diagnosed due to the absence of obvious vasculitis in the latter two groups.

As a second clinical suggestion, both CMR and EMB were valuable for the final diagnosis of probable EGPA in our case.

CMR enables the characterization of myocardial tissue properties (inflammation, thrombus, and fibrosis) and yields high diagnostic performance in identifying acute myocarditis (81% sensitivity, 71% specificity, and 79% accuracy) (52). Typical CMR findings of EGPA-associated EM include subendocardial LGE in the apical and mid-left ventricles. In our case, the following unique CMR findings led to a strong suspicion of EGPA-associated EM. CMR revealed diffuse patchy subendocardial defects on FPP at rest, which were superimposed on abnormal lesions on LGE and T2-weighted images. Taken together, these observations were suggestive of microvascular dysfunction caused by acute inflammation, which was consistent with previous reports (53). Similar findings were observed in a patient with cardiac syndrome X, which is characterized by unexplained chest pain (54). Although coronary luminal stenosis, thrombus, or spasms have been proposed as possible causes of angina symptoms in patients with EGPA, the ACS-like symptoms reported in our case can be explained by microvascular dysfunction. Notably, in our case, multiple foci on the initial LGE were resolved following the corticosteroid treatment. Similar foci have been reported in some cases of EGPA-associated EM, and are presumed to be specific to vasculitis, which can be an indicator for EGPA-associated EM (35, 43, 55). Further studies on the relationship between foci on LGE and their respective pathologies are warranted. In addition, EMB provides useful information on the nature and distribution of inflammatory infiltrates. EGPA and HSM can be differentiated based on the histopathological findings. The histological features of EGPA include tissue eosinophilia, extravascular eosinophilic granuloma, and necrotizing vasculitis. However, the latter two are rarely seen in cardiac pathology (56) (Table 1), whereas HSM is characterized by interstitial prominent eosinophilic infiltrates without myocardial necrosis or fibrosis (57). The distinct pattern of endo/peri-myocardial eosinophilic infiltration and degranulation, accompanied by the presence of myocardial necrosis and fibrosis in EMB, was a crucial finding for the definitive diagnosis of acute EM and differentiating it from HSM. EMB is the golden standard for histological diagnosis of myocarditis, but it is an invasive method with limitations such as serious procedure-related complications or sampling errors. With an excellent diagnostic accuracy of CMR in acute myocarditis due to great advances in imaging technology, the usefulness of non-invasive CMR alone in diagnosing acute myocarditis has been widely reported (52, 58, 59). Therefore, a single approach of either CMR or EMB is now considered sufficient for the diagnosis of acute myocarditis. However, each approach has its advantages and disadvantages in cases of acute EM that develops as the first manifestation of EGPA without clinical vasculitis as per our case. Therefore, our case underscores that the combination of CMR and EMB provides diagnostic synergy in the exploratory diagnosis of EGPA in patients with suspected acute EM.

Our final clinical suggestion is that timely corticosteroid treatment allowed significant recovery and normalization of the cardiac structure and function in our case.

The primary treatment for EGPA is systemic glucocorticoids. Additional immunosuppressive agents should be considered in patients with progressive, refractory, or relapsing diseases. Despite administering multiple immunomodulators, many cases of EGPA-associated EM were directly linked to fatal cardiac complications and incomplete recovery of cardiac function (Table 1). In our case, systemic and oral corticosteroids resulted in complete recovery and normalization of the cardiac structure and function within about 2 months. Considering the malignant features of EGPA-associated EM, our case underscores the significance of early recognition and treatment of this disease.



CONCLUSION

We present a case of probable EGPA with subclinical mononeuritis multiplex that developed acute EM and was successfully treated with systemic corticosteroid therapy. The EGPA-associated EM is a rare yet potentially life-threatening disorder that can be cured if treated appropriately and timely. However, without obvious vasculitis, accurate diagnosis of EGPA-associated EM is challenging. Therefore, clinicians should be aware of this rare disease and consider using both CMR and EMB diagnostic approaches for patients with suspected EM.
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Supplementary Figure 1. ECG at admission (A) and on day 21 (B). An initial ECG reveals evidence of pathologic Q waves in V2 to V3, and a significant left axis deviation at −57°, which is consistent with a left anterior fascicular block. Notably, the follow-up ECG after treatment of corticosteroid shows the resolution of all abnormal findings recognized during the initial ECG. ECG, electrocardiogram.

Supplementary Figure 2. Clinical effects of the corticosteroid treatment on TTE. Follow-up TTE on day 56 after the corticosteroid therapy reveals a full recovery of the ventricular function and GLS values of the LV (LVDd, 49 mm; LVEF, 62%; GLS −16.1%, respectively) (A–C). Ao, aorta; GLS, global longitudinal strain; LA, left atrium; LV, left ventricle; LVDd, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; TTE, transthoracic echocardiography.

Supplementary Figure 3. A timeline for the case presentation. EGPA, eosinophilic granulomatosis with polyangiitis; EM, eosinophilic myocarditis; HES, hypereosinophilic syndrome; LGE, late gadolinium enhancement; LV, left ventricular.

Supplementary Video 1. Pre-treatment transthoracic echocardiography. Transthoracic echocardiography at the initial presentation in a parasternal short-axis view reveals mild diffuse thickening of the left ventricular wall and decreased cavity size with a reduced ejection fraction of 43%.

Supplementary Video 2. Pre-treatment myocardial first-pass perfusion deficits on CMR. Short-axis CMR imaging demonstrates that myocardial first-pass perfusion at rest shows patchy and circumferential subendocardial perfusion deficits. CMR: cardiac magnetic resonance.

Supplementary Video 3. Post-treatment transthoracic echocardiography on day 21. Post-treatment follow-up transthoracic echocardiography in a parasternal short-axis view reveals significant resolution of the left ventricular wall thickening with concomitant improvement in cavity size and ventricular function with an ejection fraction of 50%.

Supplementary Video 4. Post-treatment transthoracic echocardiography on day 56. Note the fully recovered cardiac function observed on echocardiography.

Supplementary Video 5. Changes in myocardial first-pass perfusion deficits on CMR following corticosteroid treatment. Note the significant improvement in the abnormal first-pass perfusion deficits at admission on post-treatment follow-up CMR. CMR, cardiac magnetic resonance.
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EGPA, eosinophilic granulomatosis with polyangiitis; EM, eosinophilic myocarditis; ECG, electrocardiogram; AEC, absolute eosinophilic count; ANCA, anti-neutrophil cytoplasmic antibodies; LV, left ventricular; ACS, acute coronary syndrome; CMR, cardiac magnetic resonance; FPP, first-pass perfusion; LGE, late gadolinium enhancement; HES, hypereosinophilic syndrome; HSM, hypersensitivity myocarditis; EMB, endomyocardial biopsy; ACR, American College of Rheumatology.
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Background: Takotsubo syndrome is an acute cardiac condition usually involving abnormal regional left ventricular wall motion and impaired left ventricular contractility. It is due mainly to hyper-stimulation of the sympathetic nerve system, inducing an excess of catecholamines, usually triggered by intense psychological or physiological stress. The relationship between Takotsubo syndrome and the circulating stress hormones cortisol and copeptin (a surrogate marker of arginine vasopressin) has not been well documented.

Case summary: Here, we describe the dynamic changes in circulating cortisol and copeptin during an entire episode of Takotsubo syndrome in a post-partum woman after spontaneous vaginal delivery. The patient was diagnosed with inverted Takotsubo syndrome accompanied by HELLP syndrome. We found qualitative and quantitative changes in cortisol: a loss of circadian rhythm and a three-fold elevation in the plasma concentration of the hormone with a peak appearing several hours before circulating cardiac biomarkers began to rise. By contrast, levels of copeptin remained normal during the entire episode.

Discussion: Our findings indicate that the levels of cortisol change during Takotsubo syndrome whereas those of copeptin do not. This association between elevated cortisol and Takotsubo syndrome suggests that aberrant levels of this stress hormone may contribute to the observed cardiac pathology. We conclude that biochemical assays of circulating cortisol and cardiac biomarkers may be a useful complement to the diagnosis of Takotsubo syndrome by non-invasive cardiac imaging.
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  cortisol, copeptin, cardiac biomarkers, Takotsubo syndrome, case report


Introduction

Takotsubo syndrome is a type of acute heart failure that usually involves apical ballooning of the left ventricle but can also involve the right ventricle (1). This syndrome mainly affects post-menopausal women. It resembles acute coronary syndrome but usually occurs in the absence of obstructive coronary artery disease. One of the most important triggers of Takotsubo syndrome is intense psychological or physiological stress (2), which is generally considered a hallmark of the disease. Stress-induced hyperactivation of the sympathetic nervous system plays a central role in the pathophysiology by inducing excess catecholamines. Most documented cases of Takotsubo syndrome have been linked to a recognizable emotional or physiological trigger and excess catecholamine release (3–6).

The hypothalamic-pituitary-adrenal axis is the major neuroendocrine system that responds to psychological and physiological stress (7). The major stress hormones released by this system that are monitored in clinical practice are cortisol and arginine vasopressin. Although Takotsubo syndrome is a stress-induced cardiac disease, its effects on circulating cortisol and copeptin, a surrogate marker of arginine vasopressin, have not been well documented and have never been correlated with changes in cardiac biomarkers over the entire course of an episode of Takotsubo syndrome.

Here, we report a comprehensive analysis of the changes in levels of circulating stress hormones and cardiac biomarkers in a woman presenting with an unusual case of Takotsubo syndrome soon after spontaneous vaginal delivery of her baby. We found that the two stress hormones responded differently: the amount of cortisol peaked prior to the onset of cardiac necrosis, as indicated by increased levels of circulating troponin I and troponin T, while the amount of copeptin remained normal throughout the entire episode. This suggests that cortisol may be involved in the cardiac damage observed during Takotsubo syndrome and that this hormone may be a useful addition to the panel of markers used to confirm the initial diagnosis of this disease by cardiac imaging.



Methods

Levels of copeptin and cortisol in plasma samples collected in lithium heparin were assayed by using the KRYPTOR™ (ThermoFisher Scientific, Asnières sur Seine, France) and the Architect ci 8200 (Abbott, Rungis, France) analyzers, respectively. Levels of copeptin (B·R·A·H·M·S™ Copeptin proAVP) were measured by using the TRACE technology and levels of cortisol (ARCHITECT Cortisol Reagent Kit) were measured using a mouse monoclonal antibody and a competitive one-step chemiluminescence method. Normal values of copeptin and cortisol (08:00 h) were <10 pmol/L and <550 nmol/L, respectively (manufacturer's data). Internal quality controls showed a precision of <6 % at 5 pmol/L and 100 pmol/L for copeptin and <9% at concentrations below 500 nmol/L for cortisol.

Levels of cardiac high-sensitivity troponin I (cTnIhs) and troponin T (cTnThs) in plasma samples collected in lithium heparin were assayed by using the Architect ci 8200 (Abbott, Rungis, France) and Cobas E801 (Roche Diagnostics, Grenoble, France) analyzers, respectively. Both assays used specific antibodies for each cardiac isoform detected by chemiluminescence. Normal values of cTnIhs and cTnThs (women 99th percentile) were <15.6 ng/L and <9 ng/L, respectively (manufacturer's data). Internal quality controls showed a precision of <10% at 35 ng/L for cTnIhs and a precision of <10% at 13 ng/L for cTnThs. Plasma levels of N-terminal prohormone of brain natriuretic peptide (NT-proBNP) were assayed by a sandwich assay with ElectroChemiLuminescence (ECL) technology adapted to the Cobas E801 analyzer. Normal values of NT-proBNP (women 97.5th percentile) were <254 ng/L. Internal quality controls showed a precision of 4 % at 200 pmol/L and 850 pmol/L for NT-proBNP. Routine biochemical parameters in the blood samples were assayed by using the Architect ci 8200 analyzer (Abbott, Rungis, France). Average values of these parameters over several days were presented as mean ± SD and compared to reference values (Z-test).



Case presentation

The details of this case were presented in a previous report (8). In brief, a 38-year-old woman (gravida 2, para 0) was admitted to the delivery unit after a normal pregnancy with no pregnancy-induced hypertension. She was in a good mood when she arrived in the labor room. She explained that this pregnancy was very important for her because of prior difficulty falling pregnant. Because of this difficulty, she had adopted a child the year before. She reported no significant medical history other than endometriosis that was responsible for an early miscarriage a few years ago. Physical examination and biochemical results at admission were normal and she delivered a healthy baby with no complications. However, just after the delivery, she became psychologically very stressed. She did not explain the reason for her distress. She only reported that a midwife acted unkindly just after the delivery.

Thirty hours after delivery, the patient complained of a strong headache accompanied by epigastric pain. Cardio-pulmonary and neurological examination was normal, but biochemical analyses indicated HELLP syndrome and acute renal failure associated with proteinuria, microangiopathic signs (thrombocytopenia, decrease of haptoglobin concentration) and hepatic cytolysis. The patient was admitted to the nephrology intensive care unit where, in addition to the typical HELLP syndrome, we found substantial elevation of the cardiac troponin I marker cTnIhs. A twelve-derivation electrocardiogram demonstrated no pathological features, but non-invasive cardiac imaging by coronary computed tomographic angiography, transthoracic echocardiography, and cardiovascular magnetic resonance imaging revealed inverted Takotsubo syndrome, a rare variant of this disease that presents with basal ballooning instead of apical ballooning.

Analysis of blood stress hormones in conserved plasma samples showed that copeptin levels remained normal throughout the entire episode of Takotsubo syndrome i.e. before and after the biological signs of cardiac involvement. The highest level of copeptin (10.5 pmol/L) was observed at admission, before delivery, but this was within the normal range, and the lowest level of copeptin (3.3 pmol/L) was observed at day 3. By contrast, the circadian rhythm of cortisol levels was probably affected from day 1 to day 3 since morning and evening concentrations were similar; for example, on day 2, cortisol was 920 nmol/L in the morning and 966 nmol/L in the evening. The normal rhythm was re-established on day 4. Quantitatively, the levels of circulating cortisol strongly increased between admission and day 1 peaking at 1,714 nmol/L very early in the morning of day 1. This elevation corresponded to a >3-fold increase in the maximal cortisol concentration usually observed at 08:00 h in healthy individuals (550 nmol/L). The peak of cortisol was observed several hours before the levels of circulating cardiac biomarkers began to increase (Figure 1). Levels of cTnIhs and cTnThs, indicative of cardiac necrosis, reached a peak 19 h after the peak of cortisol, with a ratio cTnIhs/cTnThs always >1, together with a peak in the level of natriuretic peptide NT-proBNP, indicative of cardiac stretching. Plasma concentrations of electrolytes (sodium, chloride, bicarbonates), urea, creatinine, total proteins, calcium, magnesium, and phosphorus remained within the normal ranges during the entire episode of Takotsubo syndrome from admission to day 5 (expressed as means ± SD: sodium, 137.8 ± 1.5 mmol/L; chloride, 104.6 ± 1.4 mmol/L; bicarbonates, 22.8 ± 1.7 mmol/L; urea, 4.1 ± 0.8 mmol/L; creatinine, 74.6 ± 10.9 μmol/L; total proteins, 67.9 ± 5.6 g/L; calcium, 2.13 ± 0.20 mmol/L; magnesium, 1.21 ± 0.43 mmol/L; phosphorus, 0.89 ± 0.22 mmol/L. See Table 1). By contrast, the concentrations of potassium ranging from 3.5–4.9 mmol/L (mean ± SD, 4.2 ± 0.4 mmol/L) were significantly different when compared to normal values (P < 0.05). The calculated plasma osmolality (289–299 mosmol/L) was within the normal range (285–385 mosmol/L). Creatinine, a marker of renal failure when elevated, peaked 20 hours before the peak of cardiac biomarkers, but the increase of only 11%, corresponding to a small decrease in the estimated glomerular filtration rate from 72 to 63 mL/min/1.73 m2, was not of the same magnitude as that of cTnIhs (+ 936 %), cTnThs (+ 233%), or NT-proBNP (+ 291 %); this moderate renal injury does not explain the huge elevation of cardiac biomarkers.


[image: Figure 1]
FIGURE 1
 Changes in stress hormones and cardiac biomarkers during Takotsubo syndrome. Concentrations of circulating stress hormones and cardiac biomarkers were measured upon admission to hospital (day 0) and at intervals until day 5. The patient delivered her baby between day 0 and day 1 after admission. Ratio of cTnIhs/cTnThs was calculated from individual results expressed in ng/L.



TABLE 1 Changes in biochemical parameters in blood during Takotsubo syndrome.
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The patient was treated with a beta-blocker (labetalol) and an angiotensin-converting enzyme inhibitor (captopril), which normalized blood pressure.

One month after discharge, transthoracic echocardiography was normal, indicating that the patient was in complete remission of her post-partum inverted Takotsubo syndrome. Three months after discharge, the patient was fully recovered, clinical examination was normal, and there was no hypertension or abnormalities in the blood analyses, thus the anti-hypertensive drugs were discontinued.



Discussion

In this case study, we measured both the circulating stress hormones copeptin and cortisol and cardiac biomarkers throughout an entire episode of Takotsubo syndrome. We found a substantial peak in the level of cortisol that preceded by 19 h a peak in biomarkers indicative of cardiac necrosis and stretching, whereas the levels of copeptin remained normal throughout. As stress is an important trigger of this syndrome and is generally considered a hallmark of the disease, our finding provides a biological correlate of stress that might be important for the pathophysiology of the syndrome and might be used to confirm the initial diagnosis of this disease by cardiac imaging.

Changes in stress hormones other than catecholamines in Takotsubo syndrome are very poorly documented in the literature. Whereas most reported studies measured stress hormones only at single timepoint, we have analyzed them throughout an episode from before its onset to its resolution. Moreover, we have compared the changes in these stress hormones with changes in cardiac biomarkers. Finally, we have documented the levels of both copeptin and cortisol. Thus the study enriches substantially the current literature on changes in these important stress hormones during Takotsubo syndrome.

Our patient became psychologically very stressed just after the delivery, which may have contributed to triggering Takotsubo syndrome. There is a general consensus that sudden and severe emotional or physical stress is a common factor in the etiology of the syndrome, by causing a surge in catecholamines that ultimately leads to acute left ventricular dysfunction [although it was reported recently that positive emotional events can also provoke Takotsubo syndrome (9)]. The Comorbidity Frequency in the Takotsubo Syndrome (COUNTS) study found that emotional and physical stress were triggers in 39 and 35%, respectively, of 1,109 patients with Takotsubo syndrome (10). In addition, this study revealed that patients with Takotsubo syndrome had a relatively high prevalence of psychological disorders (24%). Patients with Takotsubo syndrome have also been shown to have a high prevalence of chronic anxiety disorder that preceded onset of the disease (11). Moreover, anxiety and mood disorders are predictors of Takotsubo syndrome, possibly because they are associated with a higher risk of stressful events (12). Thus, chronic psychological stress may be a risk factor for Takotsubo syndrome whereas acute stress may ultimately trigger the syndrome.

Although emotional or physical stress is the most common trigger of Takotsubo syndrome, several reports have suggested other triggers of Takotsubo syndrome including hyper- and hypothyroidism. Thyrotoxicosis is the most frequent thyroid hormone condition linked to Takotsubo syndrome. Thyroid hormones sensitize the heart to catecholamines by stimulating expression of beta-adrenoceptors in cardiomyocytes. Thyrotoxicosis might then potentiate the effects of catecholamines on the myocardium, increasing its sensitivity to stress (13).

Takotsubo syndrome is generally preceded by physical or emotional stress and the stress response is mainly mediated by activation of the hypothalamic-pituitary-adrenal axis. We expected, therefore, that both cortisol, released by the adrenal glands, and copeptin, released by the pituitary, would be elevated in our patient. Contrary to our expectations, however, the levels of copeptin remained normal during the entire episode of Takotsubo syndrome. This is consistent with the absence of change in sodium concentration and plasma osmolality, which arginine vasopressin would have modified by increasing water reabsorption and retention, thus resulting in hemodilution and dilutional hyponatremia. By contrast, we found qualitative and quantitative changes in cortisol: a likely loss of the circadian rhythm and a strong elevation in plasma concentration with a maximal value corresponding to a three-fold increase of the maximal concentration usually observed at 08:00h in normal individuals. In addition, cortisol peaked several hours before the circulating cardiac biomarkers began to increase. We cannot exclude the possibility that this elevated cortisol was due to pathophysiological stress associated with the postpartum HELLP syndrome rather than to emotional stress.

The rise in cortisol we measured in our patient with Takotsubo syndrome might be a protective mechanism to combat the adverse effects of excessive catecholamines on the heart and return it to homeostasis. Cortisol is a glucocorticoid steroid hormone. Glucocorticoids exert their actions on the heart by binding to the glucocorticoid receptor and the mineralocorticoid receptor in cardiomyocytes (14). In animals, increases in glucocorticoids and activation of signaling through the cardiomyocyte glucocorticoid receptor benefit the heart by enhancing cardiomyocyte contractility and inhibiting cardiomyocyte cell death (15–18). Conversely, deficient cardiac glucocorticoid receptor signaling leads to impaired contractility and left ventricular systolic dysfunction, which are the hallmarks of Takotsubo syndrome (19, 20). Thus, the increased cortisol in our patient might protect against these hallmarks.

An alternative interpretation, however, is that the rise in cortisol in our patient with Takotsubo syndrome exacerbates the heart pathology initially triggered by a catecholamine surge by activating signaling through the mineralocorticoid receptor (Figure 2), which promotes cardiomyocyte apoptosis and aggravates heart damage in the presence of oxidative stress (20–22). Growing evidence suggests Takotsubo syndrome is associated with increased production of reactive oxygen species, which may be involved in causing endothelial dysfunction leading to a transient impairment of myocardial contraction (23). The decreased potassium plasma levels from 4.4 to 3.6 mmol/L between day 1 and day 2 are consistent with this hypothesis and with a global activation of the mineralocorticoid signaling because activation of the mineralocorticoid receptor causes potassium excretion by the kidney. Ultimately, the severity and extent of the symptoms in Takotsubo syndrome may reflect the degree of imbalance between the positive and negative actions of cortisol on the heart.


[image: Figure 2]
FIGURE 2
 Dual effects of cortisol in cardiomyocyte function. Cortisol exerts its actions on the cardiomyocyte by binding two nuclear receptors, the glucocorticoid receptor (GR) and the mineralocorticoid receptor (MR). In a healthy individual, cortisol binds to the glucocorticoid receptor and activates its signaling, leading to enhanced cardiomyocyte contractility and inhibited cardiomyocyte death, thus protecting the heart. In a patient with Takotsubo syndrome, the increased cortisol binds not only to the glucocorticoid receptor but also to the mineralocorticoid receptor, leading to cardiomyocyte apoptosis in the presence of oxidative stress, which is often associated with Takotsubo syndrome, and thus resulting in heart damage.


Our finding that serum levels of copeptin were unaffected in our patient differs from a study of Takotsubo syndrome patients with atypical (midventricular) ballooning, which found significantly higher levels of copeptin than in patients with typical (apical) ballooning (24). Low copeptin levels were found, however, in two other studies of patients with Takotsubo syndrome (25, 26). Similar inconsistencies have been observed in studies of cortisol in patients with Takotsubo syndrome. In one study (27), evening plasma cortisol levels were elevated in 53% of patients with Takotsubo syndrome whereas the 24-h urine cortisol levels were normal in all patients, suggesting, like our study, that activation of the corticosteroid system is not sustained beyond the acute phase of the disease. Two other studies, however, found morning salivary cortisol levels were similar in patients with Takotsubo syndrome and in healthy individuals (28, 29).

Several factors may explain the divergent findings of our present study with others in the literature. First, the previous studies considered a single time-point, thus the transient elevation of cortisol may have been missed. The absolute amount of blood stress hormones is highly dependent on the interval between the onset of the disease (stress trigger) and blood sampling. One strength of our study is that blood samples for determination of these hormones were taken immediately after hospital admission and during all the hospital stay. Second, cortisol can be difficult to measure accurately because of its circadian rhythm and because most is bound to cortisol-binding globulin and albumin; only ~10% of total plasma cortisol is unbound and biologically active (30). Plasma cortisol assays measure total cortisol (bound and unbound fractions) and their results can be misleading in patients with altered plasma protein concentrations. In our case, the plasma protein concentration of our patient was normal. Urinary and salivary cortisol measurements reflect changes in unbound plasma cortisol, but urinary cortisol is a useful index only of integrated 24-h plasma free cortisol because it is measured in urine collected over 24 h, and salivary cortisol levels reflect only 50–70% of plasma free cortisol due to the conversion of cortisol to cortisone in saliva; measurement of salivary cortisol is not yet used in routine clinical practice. Finally, the disparate findings may be attributed to differences in the analytical assays and cut-off values for what is considered normal.



Conclusion

Here, we describe the changes in circulating stress hormones and cardiac biomarkers during an unusual episode of Takotsubo syndrome in a post-partum woman after spontaneous vaginal delivery. Qualitative and quantitative changes in the levels of cortisol were seen: a loss of the circadian rhythm and strong elevation of the plasma concentration, with a peak several hours before the circulating cardiac biomarker levels began to rise. Levels of copeptin remained normal during the entire episode. Our findings indicate that measurement of the levels of the circulating stress hormone cortisol, in addition to cardiac biomarkers, by using biochemical assays routinely available in most non-specialized laboratories, may be a useful complement to the diagnosis of Takotsubo syndrome by non-invasive cardiac imaging. The beneficial or deleterious effects of cortisol on the heart in Takotsubo syndrome remain to be established in future studies.
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Large mediastinal masses (MMs) are rare and present some challenges in hemodynamic and airway management under general anesthesia. Multiple studies have reported cardiopulmonary collapse during general anesthesia. Maintenance of spontaneous ventilation, avoidance of muscle relaxants, and awake-intubation were usually recommended during general anesthesia for high-risk patients with large MMs. However, the recent notion challenged the classic teaching that maintaining spontaneous ventilation is superior to positive-pressure ventilation (PPV). In our case reports, we present two patients with large MMs during general anesthesia. In the first case, a 21-year-old male was administered a muscle relaxant during induction, followed by PPV, but his blood oxygen saturation decreased to 40% after 20 min. Finally, his oxygen saturation was restored by a sternotomy rather than by cardiopulmonary bypass (CPB) by femoral vascular intubation. In the second case, a 33-year-old male was also administered a muscle relaxant during induction followed by PPV, but for him, sternotomy was immediately performed, with stable blood oxygen saturation. Both patients recovered well and were discharged from hospital a week after surgery. Therefore, we present a recommendation that patients with large MMs could undergo PPV after the administration of a muscle relaxant during induction, but the cardiothoracic surgeon should immediately cleave the sternum.
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Introduction

Perioperative management for patients with large mediastinal masses (MMs) is challenging. There has been a focus on the mechanisms of central airway obstruction and cardiovascular instability in recent years. Several studies have recommended maintenance of spontaneous ventilation and awake intubation during general anesthesia for high-risk patients with large MMs (1, 2). Despite more and more guidelines for the management of these patients, perioperative complications still exist. The aim of this article is to provide recommendations, including some experiences and lessons, with regard to the management of patients with large MMs. From our cases, it can be said that reducing the duration of positive-pressure ventilation (PPV) by emergency sternotomy is feasible.



Case presentation

Two high-risk patients with large MMs undergoing tumorectomy by thoracotomy at the First Affiliated Hospital of China Medical University received general anesthesia. No significant abnormalities had been observed on the pre-surgery laboratory tests (blood routine examination, liver function, renal function, hydrogen ion concentration in blood, coagulation function, and so on) and the electrocardiogram (ECG). Neither patient had a prior underlying medical history.

The first case was of a 21-year-old male admitted to our hospital because of a large MM (10.19 cm × 5.92 cm, Figures 1a,b); he was a high-risk patient. On 21 April 2020, he was admitted with no obvious symptoms and signs, but with a large MM shown on chest computed tomography (CT) at a local hospital. He had no history of drug allergies, contagious diseases, blood transfusion, surgery, or any other diseases. On the initial visit to the Cardiac Surgery department, his vital signs were as follows: temperature (T), 36.2°C; blood pressure (BP), 115/69 mmHg; heart rate (HR), 90 beats/min; and SPO2, 98%. His general condition was not bad, and he had no obvious abnormality on cardiopulmonary auscultation. A diagnosis of a high-risk large anterior MM (tracheobronchial compression >50%) was made. The arch of the aorta was slightly compressed and pushed backwards, and the innominate vein and pulmonary artery were also slightly compressed. On 7 May 2020, the patient was not able to lie down prior to anesthesia without significant dyspnea. His initial vital signs in the operating room were as follows: BP, 130/80 mmHg; HR, 120 beats/min; and SPO2, 91%. After the previous chest CT was carefully read, the patient was administered a muscle relaxant during induction followed by PPV. His blood oxygen saturation remained stable after PPV but gradually decreased to 40% after 20 min without significant changes in BP. The cardiothoracic surgeon performed cardiopulmonary bypass (CPB) by femoral vascular intubation, but the blood oxygen saturation only increased to 70%. Finally, the blood oxygen saturation increased to 100% after the cardiothoracic surgeon quickly cleaved the sternum. The pathological diagnosis of the anterior MM after surgery was T lymphoblastic lymphoma. The absence of significant neurological injury after surgery for the patient was due to the prompt rescue of the entire procedure.


[image: image]

FIGURE 1
Three-dimensional computed tomography (CT) images of the large anterior mediastinal mass. (a) The anteroposterior CT image of the first patient (tumor represented in blue). (b) The lateral CT image of the first patient (tumor represented in blue). (c) The anteroposterior CT image of the second patient (tumor represented in blue). (d) The lateral CT image of the second patient (tumor represented in blue).


The second case was of a 33-year-old male with a large MM (19.1 cm × 9.4 cm, Figures 1c,d); he was a high-risk patient too. On 15 February 2021, he was admitted with dyspnea and chest pain. He had no history of drug allergies, contagious diseases, blood transfusion, surgery, or any other diseases. On the initial visit to the Cardiac Surgery department, his vital signs were as follows: T, 36.6°C; BP, 139/78 mmHg; HR, 92 beats/min; and SPO2, 98%. The breath sounds in the right lung were clear on auscultation, and the breath sounds in the left lung were weak, with audible rales. The patient had grade 3/6 systolic jet murmurs in the second intercostal space at the right margin of the sternum. The diagnoses were high-risk large anterior MM (tracheobronchial compression >50%), pericardial effusion, and pleural effusion. The left brachiocephalic vein was compressed and narrowed. The patient’s pericardial effusion was improved preoperatively by pericardiocentesis. His initial vital signs in the operating room were as follows: BP, 120/70 mmHg; HR, 80 beats/min; and SPO2, 98%. All puncture and disinfection procedures were performed under local anesthesia. Finally, the patient’s sternum was immediately cleaved by the cardiothoracic surgeon after routine anesthesia induction. The patient was administered a muscle relaxant during induction followed by PPV for short periods, and he had a stable blood oxygen saturation. Ultimately, resection of the large MM was successfully performed following median sternotomy; the pathological diagnosis of the anterior MM after surgery was yolk sac tumor of the mediastinum.

Collectively, both patients recovered well and were discharged from hospital a week after surgery. Both patients reported a comfortable experience after the surgery process. In addition, they presented with no neurological injury after surgery.



Discussion

Patients with large MMs pose significant challenges due to the possible occurrence of respiratory insufficiency and hemodynamic decompensation. Li et al. (3) described that patients might be distributed into different risk categories, including low risk for asymptomatic patients, intermediate risk for those with tracheobronchial compression <50%, and high risk for those with a tracheobronchial compression >50%. Experts generally agree that low-risk patients tolerate general anesthesia without problems, while intermediate- or high-risk patients need an individualized approach. In the classic teaching, maintaining spontaneous ventilation throughout the procedure and finding a rescue position are the keys to management for intermediate- or high-risk patients (4, 5). Spontaneous ventilation can increase the transpleural pressure gradient, which can distend the intrathoracic airways and prevent collapse (6).

A recent notion, published in the New England Journal of Medicine, challenged the classic teaching that maintaining spontaneous ventilation is superior to PPV (7). In addition, a prospective observational study also recommended that, in adult patients with large MMs and tracheobronchial compression, PPV and muscle relaxants could be instituted without compromising central airway patency (8). We also support the notion above. However, some additional supplements should been recommended.

According to the analysis of the first case, blood oxygen saturation remained stable during the initial 20 min of PPV, and emergency sternotomy was an effective method for alleviating hypoxemia. It is suggested that PPV for short periods and emergency sternotomy are feasible for these patients. In addition, hypoxemia may be due to compression of the pulmonary artery by a large MM rather than airway collapse. For several authors, CPB is definitively the recommended modality (9). However, in the first case, hypoxemia was not significantly improved by CPB but by emergency sternotomy.

The first case had a few deficiencies. A large growing MM could not be accurately evaluated by chest CT one month before surgery. It is regrettable that we did not re-examine the chest CT and assess the symptoms. If all puncture and disinfection procedures were performed under local anesthesia, the patient’s sternum was immediately cleaved by the cardiothoracic surgeon after muscle relaxant administration and PPV for short periods, and the whole anesthesia procedure may have been quite successful. As a result of the anesthesia lessons learned from the first case, we reduced the duration of PPV by performing emergency sternotomy in the second case. There is no doubt that the whole process was successful in the second case (Figure 2).


[image: image]

FIGURE 2
Summary of the entire process. PPV, positive-pressure ventilation; CPB, cardiopulmonary bypass.


Based on our cases and the relevant literature, we recommend that patients with large MMs undergo PPV after induction with muscle relaxant administration, but the cardiothoracic surgeon should immediately cleave the sternum. The protocol was as follows: all puncture and disinfection procedures were performed under local anesthesia; the patient was administered a muscle relaxant during induction, and PPV for short periods; and the cardiothoracic surgeon immediately cleaved the patient’s sternum and finished the tumorectomy. The anesthetic induction protocols for this study were consistent with those of Hartigan et al. (7, 8); however, reducing the duration of PPV by emergency sternotomy after administration of a muscle relaxant during induction was also our concern suggestion. Most patients with large MMs will not only have difficult induction of anesthesia but the subsequent maintenance of anesthesia and surgery are challenging too. Hartigan et al. emphasized that the duration of observation for each phase in their study was relatively brief, so they could not confirm the results of prolonged PPV. Therefore, there is no definite time for the PPV before sternotomy, but the less time the better the results.



Conclusion

In conclusion, we recommend that patients with a large MM should undergo PPV for short periods after the administration of a muscle relaxant during induction, but the cardiothoracic surgeon should cleave the sternum immediately to relieve compression.
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We report findings in a 34-year-old female patient who presented with fulminant myocarditis 8 days after receiving the first dose of the ZF2001 RBD-subunit vaccine against coronavirus disease 2019 (COVID-19). Autopsy showed severe interstitial myocarditis, including multiple patchy infiltrations of lymphocytes and monocytes in the myocardium of the left and right ventricular walls associated with myocyte degeneration and necrosis. This report highlights the details of clinical presentations and autopsy findings of myocarditis after ZF2001 (RBD-subunit vaccine) vaccination. The correlation between vaccination and death due to myocarditis is discussed.
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Introduction

Based on the rapid spread of coronavirus disease 2019 (COVID-19), there is an urgent need for effective vaccines to provide global immunity. Therefore, the world has been racing to develop safe and effective COVID-19 vaccines. Currently, there are six types of COVID-19 vaccines, such as inactivated vaccine, viral vector-based vaccine, subunit vaccine, live-attenuated vaccine, DNA vaccine, and mRNA vaccine (1).

Extensive clinical data suggest a strong association between COVID-19 mRNA vaccination with and myocarditis or myopericarditis (2, 3). There have been several reports of cases of myocarditis and pericarditis following COVID-19 mRNA vaccination, mainly in young males (4–6). However, myocarditis and pericarditis after COVID-19 recombinant protein vaccination has rarely been reported. This report describes a case of myocarditis following ZF2001 (Anhui Zhifei Longcom/Chinese Academy of Sciences) vaccination in a 36-year-old female patient.



Case presentation

A 36-year-old woman received her first dose of the COVID-19 vaccine (ZF2001) in April 2021. She developed nausea, vomiting, and diarrhea on the 3rd day after vaccination and fever on the 5th day, with the highest temperature of 39.8°C accompanied by chills, dizziness, and nausea. On the 8th day, she visited a local doctor due to vomiting and fever. Her nasopharyngeal swab test for the new coronavirus nucleic acid was negative for the new coronavirus ORF1ab gene and the new coronavirus N gene. Cardiopulmonary computerized tomography (CT) showed no abnormalities. Abdomen CT showed fatty liver. She was given levofloxacin anti-infective treatment for 3 days, but her fever was persistent. On the 10th day after vaccination, blood chemistry tests showed an elevated myocardial enzyme (peak creatin-kinase 404 U/L, creatin-kinase MB 30 U/L, and lactate dehydrogenase 228 U/L), increased neutrophil ratio (79.1%), increased erythrocyte sedimentation rate (ESR) (70 mm/h), increased fibrinogen content (5.62 g/L), increased activated partial thromboplastin time (36.0 s). Electrocardiogram (ECG) showed bigamy and right bundle branch block. Chlamydia pneumoniae, Mycoplasma pneumoniae, herpes simplex virus, respiratory syncytial virus, adenovirus, and Coxsackie B virus antibody tests were negative. She was diagnosed with acute myocarditis. On the 11th day, her body temperature was 35.5°C and the arterial blood pressure was 81/59 mmHg. ECG monitoring showed bundle branch block and frequent premature and ventricular contractions. Blood tests showed elevated biomarkers of myocardial damage (peak creatin-kinase 1472 U/L, creatin-kinase MB 112 U/L, and lactate dehydrogenase 578 U/L). Fulminant myocarditis complicated by heart failure, arrhythmia, and a state of shock were considered. Supportive treatments with continued anti-infection medication were given. The right subclavian vein was catheterized, and arterial blood pressure and cardiac output were monitored. The patient suffered from sudden onset convulsions/seizure actives and received anti-seizure medication. ECG showed accelerated ventricular spontaneous rhythm and widened QRS, indicating severe myocardial damage. Color Doppler ultrasound showed poor cardiac function and abnormal ventricular wall motion, which further supported the diagnosis of fulminant myocarditis. The patient underwent right femoral vein puncture due to heart failure and renal insufficiency to perform bedside hemofiltration. On the 12th day, bedside ultrasound showed that the overall systolic function of the heart was reduced. The patient developed lactose acidosis and her blood pressure dropped. Blood tests showed raised biomarkers of myocardial damage (peak creatin-kinase 1727 U/L, creatin-kinase MB 223 U/L, and lactate dehydrogenase 3261 U/L). The patient developed ventricular fibrillation, bilateral mydriasis, loss of light reflex, persistently low blood pressure, and received chest compressions and extracorporeal membrane oxygenation (ECMO) therapy. Her condition deteriorated rapidly despite intensive medical treatments and supportive care. The patient died 12 days after COVID-19 vaccination.

A forensic autopsy was requested by her family because of the temporal relationship between COVID-19 vaccination and her death. The post-mortem study revealed light yellow effusion in the bilateral pleural cavities, 400 ml in the left, and 350 ml in the right. There was no thrombus in the pulmonary arteries. There was 70 ml of light-yellow effusion in the pericardial sac. The heart weighed 338.1 g, and the left anterior descending coronary artery and the right coronary artery had mild atherosclerosis. The spleen capsule was slightly shrunken, and the cut surface was pale. There was focal peripancreatic tissue hemorrhage, but no obvious hemorrhage was seen on the cut surface. No special structural finding was observed in the other organs.

Histological examination revealed that the left anterior descending coronary artery and the right coronary artery had mild atherosclerotic stenosis; the heart showed multi-focal inflammatory infiltration, mainly lymphocytes and monocytes associated myocyte degeneration and necrosis of both left and right ventricular walls (Figure 1). Histological examination of the tissues confirmed myocarditis. Immunohistochemical staining of heart section showed occasional spike RBD positive cardiomyocytes, infiltrating immune cells and vascular endothelial cells (Figures 2A–C). The lungs showed edema with local inflammatory cell infiltration (Supplementary Figure 1). Intracerebral vascular filling was poor, and the perivascular space was enlarged (Supplementary Figure 2A). The liver showed steatosis. The liver showed autolysis (Supplementary Figure 2B). In addition, Toluidine blue staining of the larynx, epiglottis, gastrointestinal, myocardium, lungs, and other tissues showed no mast cell infiltration or degranulation (Supplementary Figure 3).


[image: image]

FIGURE 1
Myocardial degeneration and necrosis; myocardial interstitium is mainly infiltrated by lymphocytes and monocytes (arrows).



[image: image]

FIGURE 2
Immunohistochemical staining for protein expression of spike receptor binding domain (RBD) in heart sections. (A) Representative images of immunohistochemical staining of heart section showed occasional spike RBD positive cardiomyocytes (arrows). (B) Representative images showing spike RBD expression in the infiltrating immune cells in myocardium (arrows). (C) Representative images showing spike RBD expression in the vascular endothelial cells in myocardium (arrows).




Discussion

On July 9, 2021, the WHO Global Advisory Committee on Vaccine Safety (GACVS) COVID-19 subcommittee published a report on myocarditis and pericarditis following COVID-19 mRNA vaccination, usually after the second dose of mRNA COVID-19 vaccine (7). Data showed that the estimated incidence of cardiac inflammation per 100,000 doses of CoronaVac (inactivated virus vaccine) and BNT162b2 (mRNA vaccine) was 0.31 (95% CI, 0.13–0.66) and 0.57 (CI, 0.36–0.90), respectively (8). Literature also reported that the risk of myocarditis and pericarditis increased after vaccination with an mRNA COVID-19 vaccine, and some scholars have proposed that the use of viral vector vaccine alternatives may reduce the occurrence of myocardial damage after vaccination (9).

Current studies suggest that the possible pathogenesis of mRNA COVID-19 vaccine-induced myocarditis is mainly molecular mimicry and delayed allergic reaction (10). An important underlying mechanism of myocarditis after mRNA COVID-19 vaccination is the molecular mimicry between the spike protein of the novel severe acute respiratory syndrome coronavirus (SARS-CoV-2) and self-antigens (11). The surface spike protein of SARS-CoV-2 serves as an mRNA vaccine-encoded immunogenic target that may induce immune cross-reactivity through molecular mimicry of live virus infection (12). Elevated levels of cardioreactive autoantibodies have been reported in patients with myocarditis following COVID-19 vaccination (13). These antibodies may target multiple antigens, and when cells cannot distinguish between foreign and self-peptides, pro-inflammatory cytokine responses are dysregulated, resulting in immune damage to the host. Another possible hypothesis is delayed hypersensitivity. Phagocytic and eosinophilic infiltration and mild peripheral eosinophilia were found in cardiac tissue of patients following COVID-19 vaccination (4). In fact, the patients may have been sensitized by the first dose of the vaccine and may have then experienced delayed hypersensitivity reactions following the second dose. This would explain why most patients did not develop symptoms of myocarditis until 2–4 days after the second dose of the vaccine.

Most reported patients with myocarditis following COVID-19 vaccination were vaccinated with mRNA vaccines, and myocarditis caused by other types of COVID-19 vaccines was rarely reported. A case-control study of the risk of carditis associated with two different types of COVID-19 vaccines found an increased risk of myocarditis after mRNA COVID-19 vaccination, but no association between inactivated virus vaccines and myocarditis was reported in the literature (8). The patient reported in this article was vaccinated with the protein subunit COVID-19 vaccine (ZF2001). ZF2001, produced by Anhui Zhifei Longcom Biologic Pharmacy Co., Ltd., is an RBD-dimer subunit vaccine with conditional approval in China. SARS-CoV-2 RBD antigen was manufactured in the CHO cell lines as a liquid formulation containing 25 μg per 0.5 mL, and aluminum hydroxide was used as an adjuvant for the antigen (14, 15). To our knowledge, this is the first reported case of myocarditis following this type of COVID-19 vaccine.

Myocarditis can be one of the clinical symptoms in patients with COVID-19 infection (16). In addition, there are many other viruses can cause myocarditis. Viral myocarditis may be followed by bacterial and fungal infections. Non-infectious factors such as drugs and allergic reactions can also lead to myocarditis (17). Therefore, SARS-CoV-2 and common myocarditis-causing viruses, such as Coxsackie group B virus, parvovirus B19, and herpes virus, should be tested in patients with suspected post- COVID-19 vaccinated myocarditis to rule out SARS-CoV-2 and viral infections. In this case, the new coronavirus ORF1a gene test was negative, and the new coronavirus N gene test was negative, indicating that the patient did not have COVID-19 infection. In addition, the antibody tests for respiratory syncytial virus, adenovirus, Coxsackie B virus, herpes simplex virus, and hepatitis virus were also negative. Clinical presentation showed that there was a clear temporal relationship between the protein subunit of COVID-19 vaccine and the occurrence of myocarditis in this patient. Although potential cause of myocarditis due to viral infection cannot be completely excluded because no viral culture/viral DNA/RNA detection were performed, myocarditis could be a severe side effect of the protein subunit of COVID-19 vaccine.



Conclusion

We reported a case of fulminant myocarditis following the first dose of the ZF2001 RBD-subunit vaccine against COVID-19. There has been increasing data supporting the association between vaccination and myocarditis, but the exact mechanism by which different types of COVID-19 vaccines mediate the development of myocarditis is still unclear. Further research is needed to address the specific mechanism of myocarditis after COVID-19 vaccination and to discover specific biomarker that can indicate myocarditis or myocardial damage after COVID-19 vaccination.
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We report a case of a patient double-seropositive for anti-glomerular basement membrane (anti-GBM) and anti-neutrophil cytoplasmic antibodies (ANCA) who reported retrosternal chest pain during a regular hemodialysis session associated with ST-segment depression in electrocardiogram and an increase of serum high-sensitivity troponin T. Urgent coronary angiography excluded obstructive coronary artery disease, suggesting the diagnosis of ischemia with non-obstructive coronary arteries. This case illustrates an unusual presentation of cardiovascular involvement in a patient with double-positive ANCA/anti-GBM disease, emphasizing the possible relevance of coronary microvascular dysfunction and the need for close cardiovascular follow-up in this patient population.

KEYWORDS
MINOCA, ANCA, anti-GBM, double-positive, coronary, therapy


Introduction

Anti-neutrophil cytoplasm antibody (ANCA)-associated vasculitides (AAV) and anti-glomerular basement membrane (GBM) disease are rare entities (1, 2). The coincidence of positivity for anti-GBM and ANCA antibodies with clinical features of both diseases represents a life-threatening entity (3). Cardiovascular (CV) events are among the leading causes of death in AAV; thus, a more complex understanding of CV manifestations and their risk factors is required (4). In line, cardiac involvement is an underdiagnosed manifestation in AAV, and involvement of the coronary arteries is only rarely reported (5–9). Our case illustrates that myocardial infarction with non-obstructive coronary arteries (MINOCA) might be an important contributor to cardiac complications seen in patients with AAV and/or anti-GBM disease.



Case presentation

A 61-year-old Caucasian man presented to our university clinic with acute kidney injury. He was diagnosed with scleritis of the right eye approximately 13 years before current admission and had received azathioprine (AZA) for immunosuppression due to suspected myeloperoxidase (MPO)-ANCA positive granulomatosis with polyangiitis (GPA) without evidence of further organ involvements. Besides, he had arterial hypertension treated with angiotensin-converting enzyme inhibitor/hydrochlorothiazide and had been diagnosed with prostate cancer 2 years before current admission (treated by radiotherapy and gonadotropin-releasing hormone analog). The AZA therapy had been discontinued 19 months prior to presentation due to an influenza infection. Thereafter, on admission, a nephritic syndrome was present. Laboratory investigations revealed an increase of MPO-ANCA and anti-glomerular basement membrane (anti-GBM) antibody titers (>100 and 244 U/ml, respectively). Thus, a kidney biopsy was performed, and the diagnosis of double-positive disease was made (Figures 1A,B).
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FIGURE 1
Kidney biopsy: an overview of a PAS-stained kidney biopsy, showing large cellular crescent present in all glomeruli (as highlighted by the circles), in line with a severe presentation of anti-glomerular basement membrane (anti-GBM) disease. Concomitant tubulo-interstitial nephritis (arrows) and signs of severe acute tubular injury with red blood cells within the tubular lumina (asteriks). Bar = 500 μm (A). Immunohistochemical staining with the antibody against IgG, showing a linear staining pattern of the glomerular basement membrane (B).


Plasma exchange (14 sessions), high-dose corticosteroids, and cyclophosphamide (CYC – cumulative dose of 3.3 g) were initiated. However, he progressed to end-stage kidney disease and required hemodialysis (HD). In addition, 2 doses of rituximab (RTX) 500 mg each 2 weeks apart were given followed by 500 mg every 6 months as maintenance immunosuppressive therapy.

After 4 weeks of HD initiation, during a regular HD session, the patient reported retrosternal chest pain. Electrocardiogram (ECG) showed ST depressions in leads II, III, aVF, and V4 to V6 (Figures 2A,B), which changes were absent in a previous ECG 1 month before (Figure 2C). High-sensitive troponin T (hs-Tn) was elevated (the baseline level: 1,514 pg/ml; normal range: <14 pg/ml); thus, the diagnosis of non-ST elevation myocardial ischemia was made (Figure 3). Bed-side echocardiography revealed mildly reduced ejection fraction (40%) with diffuse hypokinesia and pronounced abnormalities in inferior, inferolateral, and anterolateral segments. Urgent coronary angiography (CA) excluded obstructive coronary artery disease (CAD) in major epicardial vessels and did not show signs of ruptured plaque or dissection, suggesting the diagnosis of MINOCA (Figures 3A–E). Cardiac magnetic resonance (CMR) imaging was performed to exclude acute (peri) myocarditis. Cine imaging revealed severe left ventricular and atrial dilatation with global hypokinesia and reduced left ventricular ejection fraction, aortic and mitral insufficiency but preserved right ventricular function. Native myocardial T1-values were globally elevated, myocardial T2-values were within the normal ranges, T2-weighted images showed no signs of edema, and no late enhancement was visualized, therefore not fulfilling diagnostic criteria of an acute myocarditis (10) but consistent with diffuse myocardial fibrosis in dilated cardiomyopathy. Myocarditis was also ruled out by positron emission computed tomography. Notably, ANCA positivity was seen throughout the disease course, while hs-Tn decreased significantly a few weeks after the cardiac event (Figure 4).
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FIGURE 2
Electrocardiogram showing ST-segment depression in II, III, aVF (A), and V4–V6 (B). Electrocardiogram (with a paper speed of 50 mm/s) 1 month before MINOCA (C).
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FIGURE 3
Coronary angiography without significant obstructive coronary artery disease. (A) cranial, 40° (B) RAO, 20°; caudal, 30° (C) LAO, 90° (D) RAO, 90° (E) LAO, 30°.
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FIGURE 4
Laboratory charts of the time-dependent development of high-sensitive (hs) troponin T (A) and myeloperoxidase anti-neutrophil cytoplasm (MPO-ANCA) and anti-glomerular basement membrane (anti-GBM) antibodies (B). Zero on both scales indicates the time point of chest pain.




Discussion

Double-positive disease is a life-threatening disorder characterized by small vessel vasculitis affecting the kidneys and the lungs with a coincidence of anti-GBM disease and AAV (11). Cardiac involvement is a known disease manifestation in AAV, predominantly in those with MPO-ANCA positivity, and associated with increased mortality (12). On the contrary, CV complications are rarely reported in patients with anti-GBM disease. Only one case of anti-GBM disease with cardiac involvement was reported in our literature review (13).

Myocardial infarction with non-obstructive coronary arteries represents a major health problem and is often misdiagnosed, leading to possible undertreatment (14). Patients with small-vessel vasculitis have a high CV event rate, even exceeding high-risk populations, such as those with chronic kidney disease (4). Recently, there has been an increasing interest to identify patients at risk since they have a higher risk of developing major cardiovascular events and being hospitalized due to heart failure or repeated CA (15–17). Adequate diagnosis is challenging; however, if clinical surrogate markers of myocardial ischemia without evidence of obstructive CAD are present, the diagnosis of MINOCA can be considered (18). Dilated cardiomyopathy as a possible cause of chest pain in our patient cannot be excluded entirely. However, he had typical angina pectoris with dynamic ischemic ECG changes and a high-serum level of hs-Tn (again, later falling despite chronic HD), while invasive angiography did not reveal coronary stenosis (≥50%). In accordance, the absence of myocarditis and tear on angiography also underlines the clinical diagnosis of MINOCA. Importantly, the use of CYC is a considerable risk factor in cardiotoxicity; however, its triggering minimum dose is not known. Registry data reveal an association between high-dose CYC (>36 g) and ischemic heart disease in patients with GPA (19).

A study by Pugnet et al. analyzed patients with GPA who underwent CMR (20). In patients, who had simultaneous CA with normal coronary findings, subendocardial late gadolinium enhancement (LGE) with perfusion defects, suggesting ischemic lesions possibly due to small vessel vasculitis, was seen. In our case, CMR showed no late enhancement, suggesting the absence of inflammation.

Mechanisms contributing to the development of MINOCA seem to be heterogeneous but characterized mainly by coronary vasospasm and microvascular dysfunction (14, 21). In our patient, invasive functional CA and pharmacological reactivity testing was not performed; thus, the contributing mechanism behind his symptoms remains unclear. Nevertheless, strong evidence on the association between coronary vascular dysfunction and small vessel disease exists (22). In patients with AAV, ANCA-activated neutrophils induce endothelial injury, which might lead to coronary vascular dysfunction and promote the induction of epicardial vessel spasm in predisposed coronary segments. In addition, the endothelial impairment resulting in altered vascular tone enhances smooth muscle contractility and might be responsible for myocardial ischemia via decreased coronary flow and perfusion pressure. Moreover, similar to patients with systemic lupus erythematosus, systemic inflammation in AAV patients might also contribute to coronary vasomotor abnormalities (23). A recent European multicenter study has found that patients with double-positive disease have a relapse rate comparable to patients with AAV alone, suggesting the importance of long-term follow-up and maintenance immunosuppressive therapy in this patient population (11). In our patient, a preexisting extrarenal vasculitis with continuous ANCA positivity might be a possible endogenous contributor responsible for his myocardial ischemia besides the predominant clinical phenotype of anti-GBM disease.

As coronary microvascular dysfunction might have a significant impact on the patients’ quality of life as well as a clinical outcome, sufficient therapeutic strategies are of particular interest (24, 25). Since – to our knowledge – no studies are published dealing with this entity in patients with AAV and/or double-positive ANCA/anti-GBM disease, it is unclear which medical treatment might be the most sufficient. Recent major guidelines issued by the leading cardiology societies have provided a guidance on various pharmacological treatment options of MINOCA related to the underlying mechanism (14, 26). Accordingly, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers might depict a useful option to reduce systemic inflammation and endothelial dysfunction (27). Calcium antagonists might be used in patients with evidence of either epicardial or microvascular spasm who underwent acetylcholine testing (14). As patients with AAV face increased CV risk even in the early phase of the disease, adequate lifestyle changes and rigorous CV risk management are of particular importance (28, 29).

There are some clear limitations to this presented case that merit notification. Invasive testing of coronary artery spasm and microvascular dysfunction, which might have provided direct evidence on some of the possible mechanisms of MINOCA, have not been performed in this case; therefore, MINOCA remains a “working diagnosis.” Also, certain underlying conditions, such as coronary thrombosis with a quick spontaneous lysis of the thrombus or uncontrolled blood pressure, cannot be fully excluded. Finally, our patient was on dialysis, and, thus, the contribution of prominent accumulation of uremic toxins over time as a specific trigger of microvascular dysfunction might also be occurred.



Conclusion

In summary, we report a case of a patient double-seropositive for anti-GBM and ANCA antibodies with extrarenal vasculitis who presented with MINOCA. Now, studies improving our understanding of underlying mechanisms associated with excessive CV mortality in AAV patients are essential. Coronary microvascular dysfunction or vasospastic angina due to endothelial injury and/or systemic inflammation might be a significant contributor of MINOCA in patients with AAV and/or double-positive disease, who can be at higher risk to develop this condition. Given the increased risk of adverse CV outcomes associated with AAV, this entity might be an important and reversible cause, which needs a multidisciplinary care approach and further exploration in addition to traditional CV risk factors.
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Case report: Sudden cardiorespiratory collapse in a healthy male after coronavirus disease 2019 vaccination at a vaccination center
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Since 2020, new vaccines were developed to fight the coronavirus disease 2019 (COVID-19). Vaccination is important in preventing mortality and achieving herd immunity. However, due to vast vaccination, fatal adverse events could be seen. We report a case of a previously healthy, young male who had a cardiopulmonary arrest 2 min after receiving the Oxford- AstraZeneca (ChAdOx1 nCoV-19) COVID-19 vaccination. After targeted temperature management, a coronary angiogram was performed after neurological recovery and showed severe stenosis at the proximal left anterior descending artery. Stenting was done and he was discharge. No similar case of sudden cardiorespiratory collapse immediately after COVID-19 vaccination has been reported. Our patient did not have any effort-related angina or dyspnea on exertion before this event. The sudden cardiorespiratory collapse was probably related to underlying coronary artery disease, complicated with a vasovagal event. We stress the importance of coronary angiography in out of hospital cardiac arrest patients after neurological recovery. In the era of COVID-19 vaccination, even though fatal adverse events following immunization are rare, heightened awareness of severe side effects needing medical attention is very important.
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Introduction

Since 2020, the coronavirus disease 2019 (COVID-19) pandemic has placed a heavy burden on healthcare systems worldwide. The number of cases continues to increase daily, and several measures have been taken to combat this virus. New vaccines were developed with extraordinary speed to stop the virus and prevent more deaths. Taiwan has now approved four vaccines, Moderna, BioNTech, Oxford-AstraZeneca and Medigen (1). In July 2021, total number of people with at least one dose of COVID-19 vaccine in Taiwan and worldwide were 6.43 million (24.6%) and 2.15 billion (26.8%) respectively. Two hundred and forty thousand people are vaccinated daily then to cope with the rapidly spreading disease in Taiwan, with the majority being vaccinated with either Moderna or Oxford-AstraZeneca vaccine (2). Although the vaccines are beneficial in reducing COVID-19 severity, some rare complications have been reported (3). Here, we report a case of sudden collapse after vaccination at a vaccination center, with the aim of generating awareness among clinicians and other healthcare workers regarding rare but potentially fatal events.



Case description

A previously healthy 35-year-old male, non-smoker, who had a cardiopulmonary arrest 2 min after receiving the Oxford- AstraZeneca (ChAdOx1 nCoV-19) COVID-19 vaccination was referred to our hospital. The patient was a physical education teacher at a high school with a normal body mass index of 22.5 kg/m2. No prior chest pain or syncope events were ever experienced. At the vaccination center, he collapsed 2 min after being injected, and cardiopulmonary resuscitation (CPR) was performed immediately. The automated external defibrillator showed shockable rhythm, and he was defibrillated four times before return of spontaneous circulation. The total duration of CPR was 15 min. Intubation was done at a local medical hospital 30 min later, and he was then transferred to our hospital for further management after 3 h. Upon arrival, he was unconscious, with a Glasgow Coma Scale score of E1V1M3, and intermittent general tonic clonic seizure activity was noted. Anaphylaxis was highly suspected at first, but no significant skin-mucosal tissue involvement was noticed on physical examination. There were no signs of respiratory compromise or gastrointestinal symptoms at the vaccination center. A tryptase test was done to rule out anaphylaxis, and it was within normal limits. He had an elevated troponin I level of 1.04 ng/ml (reference range <0.3) approximately 4 h after cardiopulmonary arrest, however, electrocardiography did not show ST-elevation. Transthoracic echocardiography showed a left ventricular ejection fraction of 73% without regional wall motion abnormalities. He was then admitted to the intensive care unit for targeted temperature management. Followed up troponin I levels increased to 5.226 ng/mL 6 h later but decreased to 2.231 ng/mL the next day. He had normal cholesterol, low- density lipoprotein, triglyceride and glycohemoglobin levels. No events of life-threatening arrhythmias were recorded in the intensive care unit. After 3 days, he regained consciousness and was extubated 1 day later. A coronary angiogram was performed, which showed severe stenosis at the proximal left anterior descending artery (Figure 1A). The stenosis was pre-dilated with a semi-compliant 2.5 mm balloon, and then intravascular ultrasound was used to determine the plaque composition, as well as the length and size of the stent. A fibrotic plaque was identified with a length of around 35 mm (Figure 2A). The distal lumen of the artery was 4.0 mm with a plaque burden of <50%. A 4.0 mm non-compliant balloon was used for further pre-dilatation of the stenosis, followed by stenting with a 4.0 mm × 38 mm drug eluting stent (Figure 1B). Final post-dilatation of the stent was done with the 4.0 mm non-compliant balloon. Post-stenting intravascular ultrasound showed an adequate landing zone and stent expansion without stent edge dissection or stent malapposition (Figure 2B). He was discharged 2 days later without significant complications. At a follow-up visit 3 months after discharge he was asymptomatic, and he remained on dual-antiplatelet therapy.
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FIGURE 1
(A) Pre- intervention image. Coronary angiogram showed severe proximal left anterior descending artery stenosis (red arrowhead). (B) Post- intervention image. Post- stenting coronary angiogram.
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FIGURE 2
(A) Intravascular ultrasound (IVUS) of the narrowest lesion site showing a fibrotic plaque (red arrowhead). (B) IVUS post-stenting with fair stent expansion without stent edge dissection or stent malapposition (blue arrowhead).




Discussion

To the best of our knowledge, no similar case of sudden cardiorespiratory collapse immediately after COVID-19 vaccination has been reported. According to the Council for International Organizations of Medical Sciences (CIOMS) and the World Health Organization (WHO) Working Group on Vaccine Pharmacovigilance, an adverse event following immunization (AEFI) is defined as any untoward medical occurrence following immunization which does not necessarily have a causal relationship to the vaccine. The adverse event may be any unfavorable or unintended sign, abnormal laboratory finding, symptom or disease. CIOMS and WHO have defined five cause-specific AEFI, including (i) reaction to a vaccine product, (ii) reaction to a defect in vaccine quality, (iii) reaction to an immunization error, (iv) reaction related to anxiety, and (v) coincidental event, to differentiate vaccine- and vaccination-related reactions from coincidental events by assignment of causality (4). Most reported AEFIs are not serious, however, uncommon adverse reactions such as anaphylaxis, myocarditis and thrombosis have been reported after administering a vaccine (3). In the phase 3 trial of the Oxford-AstraZeneca (ChAdOx1 nCoV-19) COVID-19 vaccine, the incidence rates of adverse events were similar in the vaccinated and placebo groups, with the most common being general pain, headache, and injection-site pain. The incidence rates of serious and medically attended adverse events such as potential immune-mediated conditions were reported to be low and similar to the placebo group. In addition, no anaphylaxis events were reported (5). However, real world studies of Oxford-AstraZeneca (ChAdOx1 nCoV-19) COVID-19 vaccine have however reported severe hypersensitivity reactions with major cardiovascular parameter changes (6).

Another common adverse effect shortly after many types of vaccination among adolescents and young adults is syncope (vasovagal or vasodepressor), which may complicate non-allergic systemic reactions. A vasovagal event is more likely to be triggered by anxiety and pain, causing a drop in heart rate, and blood pressure, rather than the COVID-19 vaccine itself. The Centers for Disease Control and Prevention in the United States reported the rate of post-immunization syncope in 2006 among people >5 years of age was 0.054/100 000 doses distributed and about 80% of syncope events usually self-resolve and occur within 15 min after vaccination (7). In 2018, WHO proposed a new term “immunization stress-related response (ISRR)” to cover the entire spectrum of manifestations (symptoms and signs) of a stress response before, during or immediately after immunization. ISRR may demonstrate as acute stress responses, vasovagal reactions or dissociative neurological symptom reactions with or without non-epileptic seizures. Early presentations of an ISRR may be an acute stress response due to sympathetic involvement with increased heart rate and blood pressure and symptoms may vary from mild feelings of worry to difficulty in breathing. Occasionally, this may be followed by an over-compensatory parasympathetic response in which heart rate and/or blood pressure fall sharply resulting in a vasovagal reaction characterized by symptoms ranging from dizziness to syncope (8). In this patient, it is difficult to distinguish if the syncopal event or a new-onset ventricular arrhythmia led to cardiac arrest. However, as no life-threatening arrhythmias were noted throughout hospitalization, it is deemed more likely that the vasovagal reaction caused a transient ischemia of the myocardium due to a very high-grade chronic stable lesion, initiating tachyarrhythmias leading to cardiac arrest (9). To define the relationship between AEFI and COVID-19 vaccination, the causality WHO algorithm could be adopted to determine the direct link between vaccination and adverse effects as shown in many studies (10, 11). According to the WHO algorithm, our case has consistent causal association to immunization and the vasovagal event is likely to be an immunization anxiety-related reaction.

Other most frequently discussed major cardiovascular (CV) complications after COVID-19 vaccination include myocarditis, pericarditis and vascular thrombotic events, however, rare cases of acute coronary syndrome and cardiac arrest have also been reported (12, 13). In a study of data from the WHO, Kaur et al. reported that the most common CV adverse events observed with the COVID-19 vaccines under study were tachycardia, palpitations and flushing. A case series in the UK on the AstraZeneca vaccine reported 167 cases of cardiac arrest (including 35 fatalities), 386 cases of myocardial infarction (MI) (including 51 fatalities), and 79 cases of acute MI (including 13 fatalities) (14). In 2 studies showing CV complications associated with COVID-19 vaccines, the time gap between vaccination and the incidence of MI varied from 15 min to 2 days, with several possible mechanisms proposed such as immune thrombotic thrombocytopenia, a series of allergic reactions leading to occlusion of coronary arteries, and high demand and low supply due to vaccination stress in weaker patients, where else the time gap for myocarditis varied from 24 h to 7 days after receiving Oxford-AstraZeneca (ChAdOx1 nCoV-19) COVID-19 vaccine (15, 16). However, it is still unclear whether there is any link between COVID-19 vaccines and MI, and further longitudinal studies are needed to clarify this issue.

Besides COVID-19 vaccination and its AEFIs, the timing of coronary angiography and percutaneous coronary intervention after successful resuscitation from out-of-hospital cardiac arrest (OHCA) without ST-segment elevation electrocardiography was another issue in our case. Given that he did not have electrocardiographic evidence of myocardial ischemia and as he had a normal left ventricle systolic function without regional wall motion abnormalities on transthoracic echo, coronary angiography could possibly have been foregone. The prevalence of coronary artery disease (CAD) has been reported to be around 60–70% among those successfully resuscitated from OHCA without ST-segment elevation myocardial infarction (STEMI) (17, 18). Although most studies do not support a routine early invasive strategy in OHCA patients without STEMI or signs of refractory cardiogenic shock, performing coronary angiography after neurological recovery to try and identify the cause of the arrest seemed to be reasonable in our case owing to the high incidence of CAD in these studies (17–19).



Conclusion

With the increasing number of people receiving COVID-19 vaccinations, rare but serious AEFIs have been reported. We hope that this case report will raise awareness among healthcare providers worldwide that in the era of COVID-19 vaccination, even though fatal AEFIs are rare, heightened awareness of severe side effects needing medical attention is very important.
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Coronary artery to pulmonary artery fistula (CPAF) is a congenital or acquired abnormal channel between arteries, with a left-to-right cardiac shunting, which may lead to myocardial ischemia, arrhythmia, thrombotic complications, and heart failure. CPAF is usually detected by coronary angiography but few reports have used beating-heart surgery as a detection method. The patient in this case report is a 39-year-old male diagnosed with atrial septal defect (ASD), bicuspid pulmonary valve, and moderate tricuspid regurgitation (TR). He is asymptomatic. In preoperative evaluation, significant CPAF was suspected using echocardiography. The patient refused coronary angiography due to allergic history. Therefore, the cardiac team designed and performed on-pump beating-heart surgery (OPBHS) to detect and repair these disorders, and suggested OPBHS as a myocardial protection strategy for the patient at low surgical risk. A rare and complex cardiovascular case with CPAFs from two branches of the left anterior descending coronary (LAD) artery to the main pulmonary artery (MPA) with ASD, bicuspid pulmonary valve, and moderate TR has not yet been reported in the literature, and its embryological hypothesis has been further analyzed in this report.
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Introduction

Coronary artery to pulmonary artery fistula (CPAF) is a congenital or acquired abnormal channel between the coronary artery and the pulmonary artery with a left-to-right cardiac shunting, which may lead to myocardial ischemia, arrhythmia, thrombotic complications, and heart failure (1, 2). From the reported literature, coronary to PA fistula comprises 16% of all coronary cameral fistulae. Coronary cameral fistulae have been reported in 0.1–0.5% of routine coronary angiograms and the vast majority of them are small and asymtomatic (2, 3).

We report a rare congenital cardiovascular variant with two CPAFs from two branches of the left anterior descending coronary (LAD) to the main pulmonary artery (MPA), coexisting with a bicuspid pulmonary valve and atrial septal defect (ASD), which has not yet been reported in the literature.

The patient was a 39-year-old male diagnosed with ASD, bicuspid pulmonary valve, and moderate TR, and he was asymptomatic. In the preoperative evaluation using echocardiography, a hemodynamically significant coronary-PA fistula was highly suspected. The patient refused to undergo a coronary angiography due to their allergic history to penicillin. This unique situation provided diagnostic and therapeutic challenges to the surgical team. As such, the cardiac team designed and performed OPBHS to detect and repair the CPAFs, ASD, bicuspid pulmonary valve, and moderate TR.

We present the following case in accordance with the CARE Reporting checklist (available at http://dx.doi.org/10.21037/acr-20-100).



Case report

A 39-year-old male, went to see a doctor with a cold, and a systolic ejection murmur (Levine 2 of 6) over his left upper sternal border was detected. Therefore, he was referred to our tertiary medical center for further evaluation. He was asymptomatic. His past medical history was paroxysmal hypertension, and he was an active smoker, without a family history of heart disease. Clinical examination suggested ASD with a moderate left-to-right shunt and no pulmonary artery hypertension (PAH). The laboratory tests were within the normal range and included: cardiac enzymes, N-terminal pro-B-type natriuretic peptide, inflammatory markers, lipid panel, and coagulation function. The 12-lead electrocardiogram (ECG) showed a sinus rhythm and a complete right bundle branch block (CRBBB), without signs of compromised myocardial perfusion or left ventricular hypertrophy. A chest CT scan reported a widening of the left and right pulmonary arteries and minor fibrosis of both lungs. Transthoracic echocardiography (TTE) (Figure 1) revealed a secundum ASD with a diameter of 25 mm, a bicuspid pulmonary valve, a widening of the pulmonary artery, and the right atrium and ventricle were dilated.
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FIGURE 1
Shows the atrial septal defect.


Additionally, transesophageal echocardiography (TEE) showed moderate tricuspid regurgitation (TR). Furthermore, TEE showed obvious high velocity continuous and dominant diastolic aliasing in the color flow Doppler signals in the MPA (Figure 2). The logical conclusions were that there might be either a small AP window, anomalous coronary from PA, coronary PA fistula, or atypical PDA. Combining the image of a large proximal left anterior descending artery (LAD) at origin, the surgical team suspected the diagnosis was LAD to PA fistula. Nevertheless, a transthoracic/transesophageal echo has the rare ability to visualize clear imaging of the fistulous connection. Furthermore, due to allergic history to penicillin, the patient refused to undergo coronary angiography.
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FIGURE 2
Shows obvious high velocity continuous and dominant diastolic aliasing color flow Doppler signals in MPA.


After careful preoperative evaluation, there were three reasons for the choice of on-pump beating-heart surgery (OPBHS). First and foremost, to investigate the continuous aliasing of the color Doppler signals in the MPA, we can directly detect any coronary-PA fistula under beating-heart surgery. Furthermore, if the coronary –PA fistula existed, it could be treated effectively along with the ASD, bicuspid pulmonary valve, and moderate TR. Finally, considering the myocardial protection, OPBHS might reduce the risk of ischemia and reperfusion (I/R) injury. The total procedure was displayed in the Figure 3.
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FIGURE 3
Total procedures.




Operative procedure

Through a small incision, using a median sternotomy, the OPBHS was performed. After opening the pericardium, the proximal segment of the LAD was about 10 mm in diameter and tortuous. Two branches of the LAD terminated at the trunk of the pulmonary artery (PA). The diameters of the two branches were 8 and 7 mm, respectively. The width of the MPA is about 30 mm.

First, the secundum ASD was repaired, with a 25*20 mm polyester patch. The MPA was opened through a transverse incision. Under the beating heart, two fistulas were found, just above the pulmonary valve in the MPA, with two left-to-right cardiac shunts. The size of the orifices of the two fistulas was 8 and 7 mm, respectively. They originated from two branches of the LAD that drained into the MPA. The lengths of their communications were 30 and 35 mm, respectively. The diameter of fistulous tracks was 8 and 7 mm, respectively. Therefore, coronary-pulmonary artery fistulas were large and significant and warranted surgery.

The heart team evaluated the condition of the patient and informed their authorized person of the unexpected finding of coronary to PA fistulae requiring surgical correction. After obtaining consent, the procedure was carried out. Two fistulous tracts arising from the LAD were traced, draining to the MPA, and clamped. The ECG monitor showed no ST changes so the left ventricular contractility remained unchanged. A surgical ligature of the two fistulous tracts was performed. The orifices of the fistulous tracts were closed with a 4-0 polypropylene suture from within the MPA.

The repairs of the bicuspid pulmonary valve and tricuspid valve were performed uneventfully. A 20 mm-probe could easily cross the right ventricular outflow. No residual defects or regurgitation was detected on the TEE after intracardiac manipulation.

The post-operative period was uneventful. Post-operative investigations showed normal cardiac enzymes and normal ECG. An echocardiographic evaluation revealed normal cardiac LV function and no significant residua. The patient was reviewed after 2 months. He did not have any cardiac symptoms, was carrying out normal activities, and was in the New York Heart Association (NYHA) class I. He was satisfied with the surgery and its outcomes.

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee(s) and with the Helsinki Declaration (as revised in 2013). Written informed consent was obtained from the patient.



Discussion

It is reasonable to assume the patient had a congenital coronary to PA fistula from two branches of the LAD to the MPA, associated with an ostium secundum ASD and bicuspid pulmonary valve. Based on the Hackensellner involution-persistence hypothesis (4), we propose that the two fistulas might be two persistent anlages from truncus arteriosus. Other congenital heart defects have been associated with coronary fistula, varying from 0.5 to 5%. A large flow in the fistulas may cause myocardial ischemia or infarction. Therefore, the surgery was deemed to be required (1, 2, 5).

We propose the potential origin and reason of the case. Although there is no family history, it might be possible that the patient carries some genetic mutations leading to this rare case. In recent research from the UK NHS Genomic Medicine Centre, a heterozygous GDF2 variant lead to vascular malformation such as hereditary hemorrhagic telangiectasia (HHT), and it might be one of the genetic mutations for coronary-pulmonary fistula (6). Mutations in the RBM10 gene are a cause of ASD, and might be responsible for PA fistula, according to a molecular study by Han and his colleague (7).

To deeply understand this complex case, we analyzed the patient’s hemodynamic results, the moderate left-to-right ASD shunt overload, and abraded the tricuspid valve. Despite the additional volume from two Coronary-PA fistulas and ASD, under the obstruction of the bicuspid pulmonary valve, fortunately, the pulmonary artery gradually widened without PAH.

In our case, CPAFs were successfully detected and treated under OPBHS. The clinical advantages of the OPBHS included:(1) a near-physiologic state, maintaining continuous coronary blood flow avoiding ischemia and reperfusion injury; (2) CPAFs were identified and carefully evaluated under direct vision; and (3) ligature of two fistulous tracts was performed under direct vision, preventing downstream coronary steal and left-to-right shunt. The patient was easily weaned off CPB. No ST changes or significant arrhythmia were detected by ECG monitoring.

OPBHS was initiated as a myocardial protection strategy to prevent ischemia/reperfusion injury. It was first applied by Wei and his colleagues in 1993 for a patient undergoing mitral valve replacement (8).

Usually, OPBHS is reserved for high surgical risk with LV dysfunction/chronic kidney disease (9–13). With the outcomes of our case, this technique may be possible for patients with low surgical risk.


Limitations

The surgical team summarized the experience of this case, analyzing the total diagnosis and treatment process. The preoperative assessment could be more comprehensive. A 39-year-old male, without coronary angiogram due to patient refusal, even though asymptomatic, with cardiac enzymes in the normal range, without signs of ischemia on ECG, and with variable coronary risk factors (hypertension, active smoker), could have a guarded coronary treadmill evaluation and myocardial perfusion scan.

In a small incision, taking surgical photos was inconvenient and increased the risk of contamination of the surgical field. In this situation, we prioritized patient safety and did not take representative intraoperative photographs. However, we do believe that the rare variant should be reported. To give readers a better understanding, we have provided a sketch (Figure 4).
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FIGURE 4
A sketch of the two CPAFs that originated from two branches of the LAD and drained into the MPA.





Conclusion

We report a rare and complex case with two coronary-pulmonary artery fistulas from two branches of the LAD to the MPA, ASD, and a bicuspid pulmonary valve. Furthermore, it was successfully diagnosed and repaired under OPBHS. The patient was asymptomatic and the small coronary-pulmonary artery fistula might be clinically missed. Therefore, the use of OPBHS to directly detect, evaluate and treat CPAFs is relevant. OPBHS as a myocardial protection strategy is feasible for patients with low surgical risk. The precise role of OPBHS in myocardial protection needs further study.
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Postpericardial injury syndrome (PPIS) is defined as pericarditis or pericardial effusion that results from recent myocardial infarction or intracardiac interventions. These symptoms typically include fever, leukocytosis, a high erythrocyte sedimentation rate, and elevated C-reactive protein levels. Additionally, pericardial effusion and pleural effusion may be present. It is considered to be a common complication in cardio-surgery with an occurrence of 3–30%. In the past 20 years, a high number of patients with atrial fibrillation have suffered from PPIS following radiofrequency catheter ablation. However, previous reports focused on identifying cardiac tamponade and pericardial effusion as their main clinical manifestations. Solitary pulmonary involvement following PPIS with the radiofrequency catheter ablation may occur. We report a case of PPIS that presented pleural effusion as the dominant feature soon after the operation and systematic review to illustrate the clinical characteristics of PPIS.
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Introduction

Radiofrequency catheter ablation (RFCA) involves pulmonary vein isolation and left atrial ablations, which are a crucial part of non-pharmacological treatment for drug-refractory atrial fibrillation (AF) (1–3). RFCA has become more widely used in the treatment of uncontrolled AF in the past few years (4, 5). As a result of RFCA, complications such as left atrial esophageal fistula and cardiac tamponade have declined over the past 10 years, especially when performed by an experienced surgeon (6, 7).

Postpericardial injury syndrome (PPIS) is defined as pericarditis or pericardial effusion that results from myocardial infarction or intracardiac interventions (8). These symptoms typically include fever, leukocytosis, a high erythrocyte sedimentation rate, and elevated C-reactive protein levels. Additionally, pericardial effusion and pleural effusion may be present. The first described PPIS for cardiac surgeries was reported in 1958 (9). It is considered to be a common complication in cardio-surgery with an occurrence of 3–30% (10, 11). PPIS following RFCA of AF has been frequently reported over the past 20 years. But the majority of reported cases concerning PPIS focused on simultaneous pleural and pericardial effusion as first clinical manifestations. There is no reported case of solitary pulmonary involvement except for a new case from our center. Hence, considering the challenging nature of this disease, we here present an unusual case of PPIS manifested by massive pleural effusions alone and a systematic review to illustrate clinical characteristics of PPIS.



Case presentation

A 65-year-old woman underwent CA at our center because of increasing palpitation symptoms despite antiarrhythmic drug therapy. She had a history of hypertension, and chronic AF and had symptomatic AF confirmed by the 12-lead ECG for 1 year (Figure 3A). On admission, her routine clinical assessment and physical examination revealed irregular heart sounds, jugular venous pulsations, and hypertension. Preprocedural transesophageal echocardiography showed normal biventricular function with patent foramen ovale and no thrombus in the LA appendage. A chest computed tomography demonstrated no significant abnormalities, as shown in Figure 1A.


[image: Figure 1]
FIGURE 1. The dramatic transition of a thoracic CT scan (soft-tissue window) and pulmonary computed tomography angiography. (A) Preoperative tests: CT revealed clear lung fields bilaterally. (B) Three days after operation: CT scan showing large bilateral pleural effusions without pericardial effusion. (C) Nine days after the operation: there is a resolution of the left pleural effusion and a marked decrease in the right pleural effusion. (D) Nineteen days after operation: there is no pleural effusion on CT images. (E,F) Pulmonary computed tomography angiography ruled out pulmonary embolism.


After a successful routine single transseptal puncture, under electroanatomic mapping data using a 3D mapping system (CARTO3, Biosense Webster, Inc, Diamond Bar, CA), all four pulmonary veins were isolated and the additional ablation was technically successful using a ThermoCool SmartTouch irrigation-tip contact force radiofrequency ablation catheter (Biosense Webster Inc, Irvine, CA), including groof of the left atrium, BOX isolation of posterior wall, superior vena cava, and right atrial cavotricuspid isthmus. Depending on the ablation index, ablation was initiated at a power of 60 W for a duration of 8–10 s on the left posterior wall and 11–20 s on the other parts of the left atrial wall. We ablated the cavotricuspid isthmus and other parts of the right atrial wall with 40 W and adjusted the target ablation index between 400 and 500 if needed. The superior vena cava was ablated with 40 W and the target ablation index was adjusted between 250 and 350 as necessary. To avoid excessive drops in impedance, we adjusted the contact force by 5–10 g for each application (Figure 2). A total of 7,000 U heparin was given during the procedure. The scheduled procedure was completed without complications. The vital signs were stable during ablation.


[image: Figure 2]
FIGURE 2. Three-dimensional reconstruction of pulmonary vein and ablation circle (red-colored) using the CARTO3® system. (A) Three-dimensional reconstruction of the pulmonary vein in left lateral view. (B) Three-dimensional reconstruction of the pulmonary vein in posteroanterior view. (C) Three-dimensional reconstruction of the pulmonary vein in right lateral view. (D) Ablation circle in left lateral view. (E) Ablation circle in posteroanterior view. (F) Ablation circle in right lateral view.


On the following day, there was a progressive worsening of symptoms associated with chest distress and dyspnea (Figure 3B). Upon physical examination, her neck veins were non-distended, her lungs were distant, and her heart sounds were clear. She was afebrile, with a normal sinus rhythm of 120 breaths per minute, blood pressure of 135/76 mmHg, and respiratory rate of 20 breaths per minute. There was a mild rise in the inflammatory markers (C-reactive protein [CRP]). High sensitivity cardiac troponin T was elevated at 2,546.1 pg/ml (Table 1). Significant laboratory findings included a white blood cell count of 16.82 × 109/L with 87.4% neutrophils. A transthoracic echocardiogram (TTE) showed normal left ventricular function (ejection fraction 60%) without pericardial effusion, but a new-onset small right pleural effusion was detected. An oral diuretic was prescribed, which improved the symptoms. The patient was started on glucocorticoids, antibiotic therapy, and oxygen inhalation by mask.


[image: Figure 3]
FIGURE 3. Patient's electrocardiogram (ECG). (A) The preprocedure ECG reveals atrial fibrillation. (B) The postoperative ECG of the patient when she felt palpitations and chest discomfort.



Table 1. Several laboratory data cases showing the change in leukocytosis and vital sign.
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Her health condition did not improve after treatment for 3 days. As shown in Figure 1B, massive bilateral pleural effusion alone was observed in a chest computed tomography. There was no pericardial effusion in the post-procedure TTE. Pulmonary computed tomography angiography ruled out pulmonary embolism (Figure 1). After the exclusion of infectious, metabolic, and toxic causes of pleural effusion, the criteria for PPIS were considered because our patient was found to have pleural effusions along with pleuritic chest distress and elevated levels of inflammatory markers. Then the patient was continued on glucocorticoid and antibiotic therapy. The pathological changes were resolved and the chest CT reverted to normal after 3 days of treatment, and the patient was able to be discharged out of the hospital; the chest CT is shown in Figure 1C.

At a 1-month follow-up, recovery of the patient was uneventful, and the chest CT scan displayed full expansion of the lungs with almost complete resolution of the massive pleural effusion (Figure 1D).



Literature review


Methods

A systematic electronic literature search for primary evidence was performed in the PubMed database. Keywords used in electronic searching include “post-cardiotomy syndrome”, or “post-cardiac injury syndrome”, or “Dressler's syndrome,” or “pericardial effusion, and CA.” No language restrictions were applied. In addition to the articles searched by keywords, the reference lists of all relevant articles were also examined. Articles satisfying the following criteria were included in this study: (1) the main clinical manifestation after the operation is pleural effusion and (2) CA treatment in patients with AF. Studies that meet the following criteria were excluded: (1) studies not in the English language; (2) studies published only in abstract or review form; and (3) data unavailable, or not relevant. Other ablation-related complications such as cardiac tamponade, left atrial esophageal fistula, pericarditis, and pericardial effusion were not enrolled in this study.



Results

Based on the key terms used for the search, 561 articles were initially identified between 1993 and 2022. We excluded 33 non-English studies during the screening of abstracts; 524 articles that did not meet the inclusion criteria were also ruled out. After screening titles and corresponding contents, 11 published studies were identified as fulfilling the inclusion criteria. The extracted data included the name of the author, year of publication, age and gender of patients, type of AF, the onset of catheter-related complications, laboratory examination, outcomes, and therapeutic strategies. The extracted data are compiled in Table 2.


Table 2. Clinical characteristics of all cases reported in the literature.

[image: Table 2]

Data of 17 diagnosed patients with PPIS including 16 (94.1%) from the 11 articles and one new case from our center were collected. There were eight female and nine male patients with a mean age of 62.1 years (range: 24–82 years). Of the 17 patients, nine had paroxysmal AF and seven had non-paroxysmal AF. The presence of symptoms associated with PPIS usually initiated within 3 h to 3 months after RFCA, with an average of 15 days after ablation. The predominant symptoms included pleural effusion and pericardial effusion, which mostly occurred in the first week (52.9%, 9/17). Most patients had dyspnea (11/17, 64.7%), chest pain (12/17, 70.5%), and fever (12/17, 70.5%). Interestingly, 12 cases with pleural effusion presented pericardial effusion except for a new case. Another specific clinical sign is that low power delivery (20–40 W) over a long duration (20–40 s) was performed in the majority of cases. Elevated markers of inflammation and elevated WBC are also important clinical signs and were present in 76.4% of cases (13/17) and 52.9% of cases (9/17), respectively. In one case, the appearance of resistant ascites and progressive prominent symptoms of congestion pointing to the diagnosis of constrictive pericarditis arose 1 month after the ablation of AF (22). Therapeutic strategies for pleural effusion following ablation of AF were based on nonsteroidal anti-inflammatory drugs (NSAIDS) (8/17, 47.1%), glucocorticoids (8/17, 47.1%), and antibiotic therapy (6/17, 35.2%). Pericardiocentesis was presented in 9 cases, and thoracentesis was presented in 6 cases. No mortality occurred during a mean follow-up of 2.3 (0.5–24) months.




Discussion

In this study, we present the first case of PPIS characterized as massive pleural effusion alone after RFCA of AF. In our case, a symptom cluster of chest tightness and breathlessness occurred the day after the operation. Contrast radiography suggested massive bilateral pleural effusion in the absence of pericardial effusion. Cardiac tamponade and cardiac perforation were ruled out by echocardiography. Pulmonary computed tomography angiography also ruled out pulmonary embolism (Figure 1). PPIS after the operation was considered when both elevated leukocyte count and increased C-reactive protein. RFCA is currently the most commonly used ablation technique for the treatment of AF, aiming at eliminating AF and maintaining sinus rhythm in long term. Conventional thermal radiofrequency ablation for AF is low power delivery (20–40 W) over a long duration (20–40 s). Recently, there has been increasing interest to use relatively higher power (45–70 W) over a short duration (5–10 s) (23). The goal was to achieve a high rate of transmural trauma with minimal destruction of surrounding tissues, resulting in lower rates of recurrence and higher efficiency of this solution. Compared with conventional radiofrequency ablation, a large number of studies confirmed that HPSD may create transmural lesions but lessen injurious heating of deeper structures (24–26). This particular patient was successfully treated with 60 W RFCA. The sinus rhythm of the patient recovered following the completion of pulmonary vein isolation and did not complain any discomfort, which suggested that the operation process was smooth and safe.

Most likely, the primary cause of PPIS is an autoimmune phenomenon, but the precise mechanism remains unknown (27). There are two theories to explain the origin of this syndrome. The first theory is that antibodies against contractile proteins actin and myosin (AMA) and circulate immunocomplex were produced after surgical trauma, resulting in the exposure of endogenous antigens (28, 29). It has been reported that the epicardium after myocardial injury contributed to an inflammatory response by generating cytokines, which led to modulate revascularization and repair of damaged tissue and incite an inflammatory reaction (30). Some studies have confirmed that the presence of specific auto-antibodies experienced a 4-fold increase in the postoperative period, which provides evidence supporting the autoimmune etiology. The second theory is that autoimmune reaction is accelerated by a recent or reactivated viral infection (31). Concomitant mechanical injury of the pericardium is necessary for both theories. In the articles included in the present systematic review, the case in which clinical signs included massive pleural effusion was performed with the application of postoperative thoracentesis and thoracostomy tube placement. Although the patients in our case presented with massive pleural effusion alone, the treatment of chest drain insertion was not given. One reason is that the patient's vital signs were stable, and her oxygen saturation was above 95% under oxygen inhalation. Another is that the patient had a better response to therapy. Within 3 days of treatment with glucocorticoids, antibiotic therapy, and NSAIDS, the patient showed a gradual decrease in the large volumes of pleural fluid, and thoracic CT became normal at recheck examination 2 weeks after discharge. On-demand use of NSAIDs and glucocorticoids, a rapid symptomatic improvement in the case presented strongly argues for an immune-mediated mechanism.

A comprehensive systematic review of PPIS has shown that there was a predominance of CA of AF to ablation-associated PPIS (71.4%) (19). This reflects the fact that AF ablation was associated with a higher risk of PPIS than other RFCA procedures because of larger defects in the myocardium and a higher probability of injury to the adjacent vessels and pleura (15, 32). It has been reported that the incidence of PPIS is correlated to the extent and progression of myocardial damage.

The incidence of PPIS is greater in procedures that involve an extensive area of the myocardium. As is well known, CA of AF usually causes extensive linear lesions of the atrial myocardium, particularly following persistent AF ablation (33). These may have caused the increased incidence of PPIS. However, with all the recent advances in techniques of zero X-ray ablation approach, CF-sensing catheters, and ablation index (34–36), an attempt is being made to reduce the incidence of complications of tamponade and radiation. In the smart AF trial, the incidence of cardiac tamponade was 2.5% among 161 patients (37). In the Toccastar Trial, the tamponade incidence was much lower (38). The results of one recent clinical trial show that the use of AI was associated with a lower observed rate of tamponade (36).

Petey et al. reported a similar case to ours in 2008. Their case was also simple, with exudative pleural effusion following pulmonary vein isolation for paroxysmal AF. However, their case developed PPIS after the thoracoscopic procedure, which is different from our case. In 2013, Yang Liu et al. published an article on the main complications associated with RFCA of cardiac arrhythmia, especially the incidence of PPIS. Only 6 cases of PPIS have been reported in the literature, of whom five were involved in CA of AF. This is because AF ablation carries a higher risk of cardiac perforation than other RFCA procedures. These patients became symptomatic of dyspnea, fever, pleural effusion, or pericardial effusion. Pericardial effusion was present in three of the four patients who had pleural effusions. In a notable departure from a paper published in 2013, radiofrequency ablation AF by use of the Carto3 system was performed in our case rather than the EnSite system. The relatively higher power (60 W) over a short duration was used in our case, rather than low power delivery (35 W) over a long duration. These advances could further decrease the incidence of cardiac perforation.

The incidence of PPIS seems strongly to age, gender, and underlying disease-related. Some studies suggest that elder individuals were more prone to develop cardiac perforation-related PPIS, which is probably because aging may be associated with an increased inflammatory response (39). Multivariate analysis revealed that the incidence of acute pericarditis post-ablation in females increased by 40% compared with that of male patients. One possible explanation for this is that as the thickness of the left atrial wall decrease, so too does the increased risk of pericardial compilations in females, especially in patients with AF (40). Additionally, the risk of developing acute pericarditis was 40% higher in obese patients (41). Pleural incision, anemia, and rheumatoid arthritis were also identified as independent risk factors (10, 42). In an attempt to preclude the onset of this complication, high-risk individuals should have priority to be paid close attention.

Diagnosis depends upon clinical suspicion and the exclusion of other clinical conditions that may mimic this syndrome, such as pulmonary embolism, pneumonia, and congestive heart failure. Transthoracic echocardiography is a readily available imaging modality performed at the bedside to assess cardiac anatomy, function, and hemodynamics. It is the golden standard in the determination of accurate diagnosis and the tool of choice for emergent bedside evaluation for cardiac tamponade (43). In practice, the fluoroscopic check of cardiac motion provides a useful tool for the early recognition of pleural effusion. CT can provide information on pericardial thickening, calcification, effusions, and lead perforations. Badger et al. found that quantification of left atrial structural remodeling with delayed-enhancement magnetic resonance imaging has been overestimated in patients undergoing RFCA in the acute stage because of an inflammatory process induced by radiofrequency energies (44). Therefore, both pericardial and pleural effusions typically result from thermal injury. Additionally, routine laboratory tests and radiographic investigations usually show non-abnormalities in patients with PPIS, such as leukocyturia, pleural effusion, or pericardial effusion. Treatment strategies for PPIS aim at decreasing pericardial inflammation and improving symptoms. Based on the European Society of Cardiology 2015 guidelines, nonsteroid anti-inflammatory agents (NSAIDs) and colchicine are the preferred drugs for the treatment of PPIS. Aspirin has become the first choice for NSAIDs because of its analgesic and anti-inflammatory effects. Steroids are second-line agents for symptom control, which should be tapered when inflammatory markers are normalized and clinically significant symptoms are reduced (28, 45, 46). Colchicine-resistant patients or steroid-dependent patients should choose other therapeutic options such as anakinra or intravenous immunoglobulins (47). The combination of colchicine and NSAIDs in the treatment of PPIS has been reported to be associated with lower rates of pericardiocentesis and reduced clinically significant symptoms (28, 48, 49).

Typically, the treatment of PPIS was well-received, and the results are promising, but hospital stay may be prolonged, and healthcare costs may be increased. Initial investigations of clinically suspected PPIS were serum inflammatory levels and echocardiography. When the results of those tests are inconclusive, computerized tomography can provide additional diagnostic information. The diagnosis of PPIS diagnosis remains difficult in cases following cardiac catheter intervention because patients had no clinical signs of manifest heart disease. Therefore, cardiologists and pulmonologists should be aware of this rare but potentially important complication (50).



Conclusion

We report a rare case of PPIS that is characterized as massive pleural effusion alone after RFCA of AF. To reduce potential progression, timely diagnostics and preventive strategies for PPIS after RFCA of AF are of great importance. PPIS should be considered in a patient who presents with massive pleural effusion alone following RFCA, especially after an infectious cause and pulmonary embolism have been excluded.
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Infectious aortic aneurysm (IAA) can be a rare but potentially fatal sequela of infectious inflammatory disease of the aortic wall with a high incidence of rupture. The definitive diagnosis is based on vascular imaging of the aneurysm using contrast-enhanced computed tomography (CE-CT) and identification of the causative microorganism from positive blood cultures (BCs). However, IAA remains extremely difficult to diagnose and treat in patients with prior antimicrobial treatment or with renal dysfunction. Here we describe a case of an 85-year-old woman with IAA caused by Arthrobacter russicus presenting with abdominal pain and fever that was initially diagnosed as a presumptive urinary tract infection and treated with empiric antimicrobial therapy. However, persistent abdominal pain with increased serological inflammation necessitated further evaluation. Unenhanced multimodality imaging considering the renal dysfunction revealed infectious aortitis of the infrarenal abdominal aorta, together with the initial culture results, leading to the tentative diagnosis of Klebsiella pneumoniae aortitis. Thereafter, serial monitoring with unenhanced magnetic resonance angiography (MRA) using thin-slab maximum intensity projection (TS-MIP) revealed acute aortic expansion strongly suggestive of a pseudoaneurysm that was successfully treated with early surgical repair under adequate infection control. Despite negative Gram staining and tissue culture results for the excised aortic wall, a definitive diagnosis of IAA secondary to A. russicus rather than K. pneumoniae was finally made by confirming the histologic findings consistent with IAA and the identification of A. russicus 16S rRNA on the resected aortic wall. The patient also developed a vascular graft infection during the postoperative course that required long-term systemic antimicrobial therapy. This case highlights the value of unenhanced MRA in the early detection of IAA in patients with renal dysfunction and the importance of a molecular diagnosis for identifying the causative microorganism in cases of culture- or tissue-negative IAA.
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Introduction

Infectious aortic aneurysm (IAA) is a rare but serious infectious inflammatory disease of the aortic wall that often requires prompt surgical intervention because of a high associated mortality rate with antimicrobial therapy alone (1). However, various obstacles, including negative blood and tissue cultures, non-specific symptoms and signs, IAA mimics, and high perioperative mortality rates of open surgery, pose a diagnostic and therapeutic challenge in patients with IAA (1–3).



Case description

An 85-year-old woman was admitted to our hospital with a 3-day history of abdominal pain and fever. Her medical history included a cerebral infarction, Parkinson’s disease, dementia, and diabetes. Her vital signs were as follows: blood pressure, 186/86 mmHg; heart rate, 90 beats/min; blood temperature, 38.4°C; respiratory rate, 18 breaths/min; oxygen saturation, 99% on ambient air; height, 150 cm; and weight, 43.5 kg. An abdominal examination revealed no significant pulsatile mass, rebound tenderness, audible vascular murmur, or costovertebral angle tenderness except for mild tenderness in the periumbilical region. Chest X-ray findings were unremarkable. An initial laboratory workup revealed an elevated leukocyte count of 10,200/μL (neutrophils, 89.5%), elevated levels of C-reactive protein (18.04 mg/dL; normal, < 0.14 mg/dL), fasting blood glucose (188 mg/dL; normal, < 110 mg/dL), and glycated hemoglobin (8.3%; normal, < 6.0%). Severe renal dysfunction with a calculated creatinine clearance of 19.6 mL/min was observed. A urine dipstick test revealed glucose 4 +, blood 1 +, protein 1 +, and bacteria 2 +. We initially suspected gastroenteritis, pyelonephritis, or a liver abscess.

Contrast-enhanced computed tomography (CE-CT) was omitted due to the patient’s severe renal dysfunction. Abdominal ultrasonography revealed multiple gallstones and obvious intestinal gas but no intrahepatic mass, hydronephrosis, or flap in the abdominal aorta. After the collection of a urine culture and two sets of blood cultures (BCs), the patient was intravenously administered ceftriaxone 1 g daily for a presumptive urinary tract infection. Persistent abdominal pain with increased serological inflammation prompted further abdominal evaluation on day 4. Unenhanced CT revealed a non-aneurysmal dilation of the infrarenal abdominal aorta with increased soft tissue mass around the aorta (Figures 1A, 2A). Unenhanced magnetic resonance imaging (MRI) further characterized the periaortic tissue’s properties. T2 and diffusion-weighted imaging (DWI) showed a high-intensity area around the aorta with diffusion restriction (Figures 1B,C). Furthermore, gallium-67 single-photon emission computed tomography (Ga-SPECT)-CT showed abnormal uptake in the corresponding area, confirming active inflammation (Figure 1D).


[image: image]

FIGURE 1
Multimodality imaging of periaortic mass of the abdominal aorta. (A–D) Axial images. (A) Unenhanced CT image showing a non-dilated abdominal aorta with a maximum diameter of 17 mm including mural calcification surrounded by circumferential heterogeneous soft-tissue density (arrowheads). (B,C) Unenhanced abdominal magnetic resonance image. (B) FsT2WI showing significantly high signal intensity and marked thickening of the periaortic tissue of the abdominal aorta (arrowheads) with inhomogeneous diffusion restriction on DWI (C). (D) Ga-single photon emission computed tomography/CT image revealing an active accumulation of Ga (arrowheads) corresponding to the periaortic mass. CT, computed tomography; DWI, diffusion-weighted imaging; FsT2WI, fat-suppressed T2-weighted image; Ga, gallium citrate-67.
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FIGURE 2
Serial unenhanced CT and MRA assessment of the abdominal aorta. (A–C) Serial unenhanced reconstructed coronal CT image showing no significant change in the periaortic mass of the abdominal aorta (white arrowheads). (D) Initial TS-MIP image of the original MRA image showing several asymmetric aortic dilatations in the abdominal aorta (yellow arrowheads). (D–F) Serial TS-MIP of the original MRA image showing rapid aortic expansion with multilobular protrusion of the abdominal aorta to the left side (yellow arrowheads). CT, computed tomography; MRA, magnetic resonance angiography; TS-MIP, thin-slab maximum intensity projection.


We initially suspected inflammatory aortitis, including autoimmune- or immunoglobulin G4-related disease (IgG4-RD). However, serum immunological examination results were within normal ranges, suggesting less likelihood of inflammatory diseases. Urine culture and BCs conducted on admission revealed the presence of Klebsiella pneumoniae susceptible to conventional antimicrobials but naturally resistant to ampicillin. Accordingly, a tentative diagnosis of K. pneumoniae abdominal aortitis was made. The dose of ceftriaxone was increased to 2 g twice daily, and oral levofloxacin (250 mg/day) was added. Insulin therapy was initiated to manage the hyperglycemia. The echocardiographic and endoscopic examination findings were unremarkable. Thereafter, the patient’s symptoms disappeared, the serological inflammation decreased, and all the subsequent repeated BCs remained sterile. The periaortic soft tissue lesion appeared stable on serial CT imaging (Figures 2A–C). Nevertheless, serial unenhanced magnetic resonance angiography (MRA) with thin-slab maximum intensity projection (TS-MIP) demonstrated acutely progressive morphological changes of the abdominal aorta characterized by multilobular and saccular features strongly suggestive of infectious pseudoaneurysm formation (Figures 2D–F). Additionally, an aortic mural thrombus was observed on the anterior wall of the descending thoracic aorta (Supplementary Figure 1A). She was treated accordingly with anticoagulation therapy (apixaban, 2.5 mg twice daily).

Owing to the elevated risk of aortic rupture, early surgery was planned by a multidisciplinary team after confirmation of a stable inflammatory response following antimicrobial treatment. On day 30, she underwent open surgical repair of the infected aortic lesion using an in situ graft (GORE-TEX Vascular Graft) (Figures 3A,B). Pathology of the excised aorta revealed severely calcified atherosclerosis with inflammatory cell infiltrations predominantly consisting of neutrophils, fresh mural thrombus, and partial pseudoaneurysm formation but without obvious bacteria (Figures 3C–3H). The accumulation of nuclear debris suggestive of infection was also noted. Despite negative Gram staining and tissue culture results for the aortic wall, Arthrobacter russicus sequences were obtained via 16S rRNA sequencing (Supplementary Figures 2–4), leading to the potential causative microorganism. A careful interview revealed that she was a farm worker with multiple exposures to soil and frequent episodes of foreign body ingestion related to dementia. Given the unsanitary living conditions and impaired immunity prone to aortic infections including severe atherosclerosis, diabetes, and renal failure, it was highly likely that this microorganism was the causative agent of the IAA in this patient. The early postoperative MRA revealed abnormal intensity around the vascular graft highly suggestive of vascular graft infection (Supplementary Figure 1B). Therefore, the antimicrobial therapy was switched to intravenous meropenem (0.5 g twice daily) plus vancomycin (0.5 g daily) for 60 days.
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FIGURE 3
Operative view and pathological findings. (A,B) Intraoperative view before (A) and after (B) the repair using a Dacron graft. (C) The resected abdominal aortic aneurysm shows severely calcified plaque as well as several recesses with adherent mural thrombi (red arrowheads). (D–F) Photomicrographs of the resected abdominal aorta (longitudinal sections around the black line in C) with Masson’s trichrome stain (D), Elastica van Gieson staining (E), and hematoxylin and eosin staining (F) showing marked inflammatory infiltration of the aortic wall (white arrowheads) and pseudoaneurysm formation (black arrowheads) due to loss of the normal structure of the aortic wall as well as cholesterol crystals (blue arrows). (G) A high-power view with hematoxylin and eosin staining showing intense perivascular inflammatory infiltrates (magnified view of the black box in F) but no microorganisms (white arrowheads). (H) Notably, the magnified view of the black box in (G) shows the accumulation of nuclear debris (arrows). Bars: (D–F), 500 μm; and (G,H), 20 μm. *Vascular lumen. The red arrow depicts a fibrous cap, while “m,” “a,” and “n” depict the media, adventitia, and neointima, respectively.


After follow-up blood examination and MRA confirmed the resolution of an inflammatory response to the infection (Supplementary Figures 1C,D), the antimicrobial therapy was de-escalated to oral cefalexin (250 mg every 8 h). Her subsequent clinical course was excellent, with no infection recurrence; however, the aortic mural thrombus size remained unchanged. On day 180, she was transferred to a nursing home for rehabilitation because of dementia and advanced disuse atrophy from prolonged bed rest. A summarized illustration of the case presentation is provided in Supplementary Figure 5.



Discussion

Here we describe the first case of IAA caused by A. russicus, successfully treated using an early surgical intervention concurrent with long-term antimicrobial therapy. Our case report offers three clinical implications. First, unenhanced MRI/MRA was feasible for diagnosing IAA in our patient with renal dysfunction. An IAA refers to an arterial dilation secondary to destruction of the infected aortic wall. IAA (thoracic and abdominal) accounts for 0.7–4.5% of all aortic aneurysms (1). Most IAA cases affect elderly men over 65 years of age with severe atherosclerosis (4). Although the aortic intima is extremely resistant to infection due to its barrier mechanism, any situation that damages it is a crucial predisposing factor for aortic infection (2). Aortic infection can occur via several mechanisms: (1) bacteremic seeding of an existing intimal injury, atherosclerotic plaque, and preexisting aneurysm (5–7); (2) septic embolization of the aortic vasa vasorum (8); (3) an infected foci extending to the aortic wall (9); and (4) direct bacterial inoculation during aortic injury (10). Although the microbiological spectrum involved in IAA has evolved over time and depends on geographical conditions, Staphylococcus spp. (50–60%) and Salmonella spp. (30–40%) remain the most common causative species underlying IAA owing to their high affinity for the arterial wall (1, 11, 12).

Untreated IAA can cause rupture, aortofistulous communication, mural thrombosis, distal ischemia, sepsis, or multiorgan failure. Of these, rupture, the most fatal sequela, occurs in 50–80% of all cases, with a significantly higher mortality rate of 42% in cases of IAA with free or contained rupture vs. without rupture (1, 13). Therefore, this disease requires a prompt diagnosis and appropriate timely treatment. However, the high suspicion of IAA remains challenging due to the non-specific signs and symptoms. CE-CT is the cornerstone for diagnosing IAA because it can provide detailed information about lesion size and location as well as the surrounding structures. The typical CT findings indicative of IAA include a saccular or multilobulated aneurysm, a periaortic soft tissue mass, periaortic fat stranding, and periaortic air or fluid accumulation.

A variety of microorganisms can cause IAA. Distinct IAA phenotypes specific to each microorganism may exist because of differences in pathogenicity and virulence. Although most pathogen-specific features of IAA imaging on CT remain poorly understood, the IAA features on CT that may suggest the involvement of several specific pathogens have been reported in the following three categories: (1) characteristics of IAA: while most pathogens are associated with the rapid aneurysmal expansion, Helicobacter cinaedi is a low virulence bacterium that contributes to the promotion of atherosclerosis via macrophage-driven proinflammatory response and hence slowly progressive over months to years (14, 15); (2) periaortic involvement: Clostridium septicum can survive and proliferate in tissues under anaerobic condition that may be strongly associated with the presence of periaortic gas on CT (16). Specific feature of Mycobacterium tuberculosis includes enlargement of periaortic lymph nodes with central hypodensity suggesting of necrotic lymphadenopathy due to the nature of direct infection from the adjacent lymph nodes (17); and (3) surrounding organ involvement: psoas abscess and lumbar osteomyelitis are reportedly frequently associated with the IAA associated with Salmonella spp. (11 and 19%, respectively) (18, 19). However, we faced two diagnostic challenges to reaching an accurate diagnosis in the present case. As a result, the diagnosis was delayed.

The first diagnostic challenge was the presence of significant renal dysfunction in our patient, which required us to preclude iodinated contrast media exposure. The other diagnostic challenge was that CT findings observed in our case were similar between IAA and IgG4-RD. IgG4-RD is a life-threatening inflammatory vasculopathy that frequently affects individuals of middle to advanced ages by involving large and medium-sized vessels simultaneously, which often occurs in the infrarenal segment of the abdominal aorta (20, 21). Various serious aortic complications such as intra-abdominal bleeding, intra-aneurysmal thrombus, and abdominal aortic stenosis resulting from aneurysmal development or rupture can occur. These conditions require prompt and comprehensive treatment consisting of corticosteroid and immunosuppressant therapy, vascular graft, or surgical resection (22). Although the two distinct disorders share similar age at onset and radiological findings, it is critical to differentiate between the two because they differ significantly in terms of requisite treatment approaches. Admittedly, the unenhanced MRI/MRA scan was valuable for addressing the above issues in this case. MRI can enable soft tissue characterization and provide variable information on disease activity before aortic luminal changes occur. DWI, which can measure the random motion of water protons, is frequently used to detect acute inflammation such as acute stroke, tumors, and abscesses (23). It can also identify the active phase of inflammatory aortitis or acute infection (24, 25). Because of the limited spatial resolution of DWI, its use in combination with other MRI sequences may be valuable for evaluating aortitis without involving radiation exposure or contrast agents. In addition, unenhanced MRA can provide valuable morphological information about the aortic lumen (e.g., vessel stenosis, vessel dilation, and mural thrombus) comparable to CT angiography results (26). Because of its superior soft tissue imaging characteristics, MRA can help discriminate aortitis mimics such as aortic dissection, penetrating ulcers, or mural hematomas. Furthermore, TS-MIP of the original MRA can help clinicians screen for the development of aneurysms and monitor existing aneurysms. Indeed, the TS-MIP findings of multilobular or eccentric acute aortic expansion observed in this case were characteristic of IAA and helpful in distinguishing it from IgG4-RD. IAA and IgG4-RD can also be differentiated based on histopathological findings (22).

Moreover, 18F-flourodeoxyglucose positron emission tomography/computed tomography (PET/CT) is a potential alternative for evaluating IAA. Although PET/CT is very sensitive for detecting metabolic activity, its diagnostic accuracy is limited due to difficulty distinguishing IAA from inflammatory aortic aneurysm and false positive results including malignancy and non-specific findings. However, a recent retrospective study analyzing 29 patients with abdominal aneurysms who underwent both PET/CT and CE-CT reported that a combination of specific imaging features (e.g., dorsal sparing of metabolic activity or wall thickening of aneurysm in PET/CT; fat stranding or fluid collections in CE-CT) and metabolic activity (intensity and site) can identify the etiology of each aneurysm with high accuracy among abdominal aortic aneurysms (infectious, inflammatory, and non-infectious/non-inflammatory) (27, 28). Therefore, the combined use of PET/CT and CE-CT may improve the diagnostic accuracy of the IAA and further studies are warranted.

In our case, IAA was confirmed based on histologic findings and the identification of A. russicus 16S rRNA on the resected aortic wall. Advanced age, poorly controlled diabetes, and renal dysfunction, which are closely associated with atherosclerosis, might have provided a rich nidus for aortic infection. Therefore, this case report emphasizes the importance of considering IAA as a possible source of unexplained abdominal pain and fever among elderly patients with severe atherosclerosis and the use of unenhanced MRI/MRA to evaluate and monitor aortic diseases in patients with renal dysfunction wherein iodinated contrast media exposure is undesirable.

As a second clinical implication, to the best of our knowledge, this is the first case of IAA caused by A. russicus. The 16S rRNA sequencing was also helpful to identify this microorganism. Arthrobacter spp. (Gram-positive, aerobic, non-motile, and coryneform rods) are widely distributed in the environment, especially the soil (29). The microorganisms belong to the genus Arthrobacter of the family Micrococcaceae of the order Micrococcales. These bacteria are isolated from animals and wastewater materials (30). A. russicus, firstly reported in 2004 (31), was recovered from air in the Russian space station. The first identification of Arthrobacter from human specimens (urine, skin, blood, vagina, and eye) was reported in 1996 (29). The incidence of Arthrobacter human infections is underestimated since its biochemical identification method is based on a single strain and the bacteria are difficult to isolate (29, 32, 33).

Table 1 summarizes the Arthrobacter-associated cardiovascular disease cases including the present case. Two cases of A. woluwensis endocarditis have been reported (32, 33): although conventional phenotyping using morphological and biochemical features initially led to misidentification of the causative organism in both cases, 16S rRNA sequencing on tissue or blood culture samples ultimately succeeded in identifying A. woluwensis as the true causative organism of IE in both cases. Therefore, 16S rRNA sequencing was required to identify Arthrobacter spp. as per our case. While drug injection appeared to be the entry site in two cases of A. woluwensis endocarditis (Table 1), the entry site remained unclear in the present case because this seems very rare among Japanese elderly individuals. Presumably, this patient might have repeatedly developed silent Arthrobacter bacteremia via translocation of this microorganism from the gastrointestinal tract to the portal bloodstream after the ingesting of soil or wastewater before hospitalization.


TABLE 1    Literature review of Arthrobacter-associated cardiovascular diseases.
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We misdiagnosed this case as IAA caused by K. pneumoniae because of the initial positive urine culture and BCs for K. pneumoniae. However, K. pneumoniae is rarely the causative microorganism of IAA, with limited case reports of presumably hypervirulent strains (34, 35). Based on this patient’s clinical course, all negative blood culture results after the initial antimicrobial treatment, and the negative Gram staining and molecular examination results, we concluded that this microorganism caused transient bacteremia in our case because data were lacking to support K. pneumoniae as the primary causative microorganism of the IAA. Therefore, our experience with this case suggests that the microorganism yielded from initial positive BCs is not always the true causative agent of the IAA. Furthermore, the frequency of positive BCs in patients with IAA varies significantly (2, 4, 11, 19, 36–38). Given the high frequency of negative BCs (up to 50% of cases), negative BCs alone are inadequate for ruling out the presence of IAA. Additionally, Gram staining and tissue cultures of the excised specimen can be negative in patients who previously received broad-spectrum antimicrobial therapy.

Similar to the present case, molecular diagnosis by 16S rRNA sequencing may be helpful for estimating the causative microorganism in cases, where IAA is strongly suspected despite negative tissue culture and repeated BCs. Recently, metagenomic next-generation sequencing and analysis may be a promising alternative (39).

A final clinical implication is that the long-term systemic antimicrobial therapy effectively controlled postoperative vascular graft infection in this case. In principle, surgery is required to treat IAA. Surgical procedures include open surgery to remove the infected tissue with/without in situ graft repair, extra-anatomic bypass, and endovascular stent graft insertion. Each procedure is determined based on the infected aneurysm location, infection degree, and patient condition. Since the perioperative mortality rate for the IAA in the acute setting remains high (3), endovascular stent graft insertion can be an acceptable alternative to conventional open surgery or a bridge to subsequent open surgical repair in high-risk surgical patients with severe sepsis or hemodynamic instability. Recent nationwide studies revealed that the results of the endovascular approach were comparable to those of open surgery (40, 41). In this case, despite IAA removal with in situ graft repair under adequate infection control with antimicrobial agents, the patient developed a serious postoperative vascular graft infection that was fortunately controlled with long-term systemic antimicrobial therapy. However, in situ graft infections caused by inadequate infection clearance can lead to a poor prognosis and a high mortality rate (nearly 100%) within 2 years (42). Although a postoperative antimicrobial duration of 6 weeks to 6 months is generally recommended (1), there are no specific criteria for discontinuing antimicrobial therapy in patients with IAA. Furthermore, this patient had residual aortic mural thrombus despite receiving anticoagulation therapy. Therefore, our patient remains under long-term surveillance for recurrent infections and the risk of aortic mural thrombus–related complications.



Limitations

Limited to small numbers, the antimicrobial susceptibility patterns among clinical isolates related to Arthrobacter spp. have been reported (29). However, the antimicrobial susceptibility of Arthrobacter was unknown in our case since we could not recover the microorganism from the tissue and blood. Therefore, the present case received empiric antimicrobial therapy. Fortunately, long-term challenging therapy (ceftriaxone and levofloxacin, meropenem and vancomycin, followed by cefalexin) resolved the clinical symptoms, imaging findings, and blood laboratory data of inflammatory responses. Choosing optimal antimicrobial therapies for Arthrobacter infections remains challenging because of the difficulty isolating and identifying the phenotype (32, 33).



Future directions

Considering the difficulty of identification of Arthrobacter spp. by conventional biochemical approaches, the frequency of these microorganism infections in patients with IAA may remain underestimated. Therefore, prospective evaluation of the complementary use of molecular testing for the identification of Arthrobacter infection in all cases of IAA is further warranted.



Conclusion

Herein, we report the first case of IAA caused by A. russicus that was successfully treated with a combination of surgery and long-term antimicrobial therapy. Unenhanced MRA/MRI was useful for identifying IAA and determining its treatment response in this patient with renal dysfunction. In addition, 16S rRNA sequencing analysis allowed us to identify A. russicus as the causative organism of IAA. A. russicus can cause IAA, but is difficult to identify by conventional biochemical characterization. Therefore, a molecular diagnosis should be performed to identify the causative microorganism in patients with culture-negative IAA, considering the possibility of A. russicus.
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Tuberculosis is a main cause of pericardial disease in developing countries. However, in patients with atypical clinical presentation, it can lead to misdiagnosis, missed diagnosis, and delayed treatment. In this study, we report a case of a 61-year-old woman admitted to the cardiac intensive care unit with “weakness and loss of appetite” and a large pericardial effusion shown by echocardiography. After hospitalization, a pericardiocentesis was performed, and the pericardial fluid was hemorrhagic. However, the Xpert MTB/RIF and T-SPOT tests were negative, and repeated phlegm antacid smears and culture of pericardial fluid did not reveal antacid bacilli. The patient eventually underwent thoracoscopic pericardial biopsy, which revealed extensive inflammatory cells and significant granulomas. Combined with the fact that the patient’s pericardial effusion was exudate, the patient was considered to be suspected of tuberculous pericarditis (TBP) and given empirical anti-tuberculosis treatment the patient’s symptoms improved and the final diagnosis was TBP. In this case report, it is further shown that a negative laboratory test cannot exclude tuberculosis infection. In recurrent unexplained pericardial effusions, the pericardial biopsy is feasible. In countries with a high burden of tuberculosis, empirical antituberculosis therapy may be used to treat the pericardial effusion that excludes other possible factors.
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Introduction

Tuberculosis (TB) is one of the top 10 leading causes of death worldwide and the leading cause of death by a single source of infection. According to the World Health Organization (WHO) global TB report 2021 version (1), China had the second highest incidence of TB in the world in 2020, accounting for 8.5% of TB globally. While extrapulmonary TB accounts for 15% of all TB cases, an epidemiological study indicated that nearly one-third of HIV-negative TB patients in China have extrapulmonary TB (2). TB is caused by mycobacterium tuberculosis and is mainly transmitted through the respiratory system. Mycobacterium tuberculosis mainly affects the lungs and causes pulmonary tuberculosis, but the rest of the body can also be infected. The clinical presentation of tuberculosis is variable, and symptoms are often atypical, which makes it more challenging to diagnose early. Tuberculous pericarditis (TBP) is a rarely seen form of extrapulmonary TB, accounting for 1–2% of all TB infections. TBP is the most common cause of massive pericardial effusion in developing countries. It is also the most common cause of constrictive pericarditis in adults, which has a poor prognosis and high mortality rate owing to constrictive pericarditis (3). Therefore, early diagnosis and intervention of TBP are crucial to treat the disease and improve the prognosis. In this article, we describe a patient with TBP who was admitted to the cardiovascular intensive care unit with massive pericardial effusion, her clinical presentation, diagnostic process, and treatment. We share our experience in the diagnosis of TBP.



Case presentation

A 61-year-old Chinese woman presented with weakness and loss of appetite for the previous 20 days. She had a medical history of cholecystitis and underwent a cholecystectomy several years ago. Physical examination showed that the patient had a temperature of 36.7°C, blood pressure of 128/76 mmHg, and a heart rate of 77 beats/min. There were coarse breath sounds in both lungs and diminished breath sounds in both lower lungs; a small number of wet rales could be heard, and diminished heart sounds with enlarged heart borders due to pericardial effusion.

The electrocardiogram (Figure 1) suggested a sinus heart rate with low voltage in the limb leads. The patient’s laboratory data at admission are shown in Table 1. Echocardiography indicated moderate to severe pericardial effusion (Figure 2), and echo-free areas were seen in the pericardial cavity. The diastolic fluid width was measured as 14 mm in the anterior wall of the right ventricle, 16 mm in the posterior wall of the left ventricle, 19 mm in the lateral wall of the left ventricle, and 20 mm in the apical part of the left ventricle. A bedside color doppler ultrasound showed bilateral pleural effusions. After admission, the patient had a fever intermittently, with a temperature of up to 38.3°C without chills and shivering. The patient’s temperature was elevated within 24 h of admission, meaning that the possibility of community-acquired pneumonia could not be excluded. After blood cultures were retained, the patient was also given empirical anti-infective treatment with moxifloxacin. However, as the patient’s improvement in relevant tests was considered not to exclude tuberculosis, the use of fluoroquinolones alone should be avoided, and the patient’s moxifloxacin was discontinued and changed to ampicillin. The patient’s blood culture later indicated no bacterial growth. A computed tomography (CT) scan of the lungs revealed sporadic inflammation in both lungs, inflammatory nodules in the upper left and lower right lung lobes, calcification in the upper left lobe (Figure 3), and bilateral pleural effusions. Furthermore, the mediastinal lymph nodes were enlarged and partially calcified. Pericardiocentesis and drainage were used to relieve the patient’s symptoms, such as chest tightness and shortness of breath. The patient’s pericardial effusion was hematogenous, with routine results as follows: protein 53.96 g/L; Reye’s test positive; total erythrocyte count 214300.00 × 106/L; total leukocyte count 3762.00 × 106/L; percentage of single nucleated cells 84%; adenosine deaminase (ADA) 32.0 U/L; lactate dehydrogenase (LDH) 326 U/L; and carcinoembryonic antigen (CEA) 0.47 ng/ml.
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FIGURE 1
Electrocardiogram shows that the patient has low voltage in the limb leads.



TABLE 1    The patient’s laboratory data.
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FIGURE 2
Echocardiography suggests the presence of a moderate to large pericardial effusion, as indicated by the red arrowhead.
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FIGURE 3
There was scattered inflammation in both lungs, inflammatory nodules in the upper left and lower right lobes. Calcification in the left upper lobe, as shown in the red arrow in the figure. The radiologist considered it to be stable tuberculosis.


The above results indicated that the patient’s pericardial effusion was exudate. The pericardial effusion smear did not find acid-fast bacilli, and Xpert MTB/RIF (Xpert Mycobacterium TB/RIF test is a new test, which is helpful for rapid diagnosis of TB and drug resistance, thus bringing revolutionary changes to TB control.) and T-SPOT tests (The T-SPOT test is a unique TB blood test designed to reduce variability and maximize sensitivity, even in people with low immune function.) were negative. The exfoliated cells of the pericardial effusion showed lymphocytes and lobulated nuclei, and no cancer cells were found. Female tumor markers such as CEA, cancer antigen (CA) 125, CA 199, and neuron-specific enolase were below the reference values to exclude tumor-derived pericardial effusion. Further positron emission tomography/computed tomography (PET/CT) was performed, which showed inhomogeneous thickening of the pericardium, enhanced metabolism, mediastinal lymph nodes, and uterine metabolism fibroids. Therefore, we could almost exclude the possibility that pericardial effusion was caused by a tumor. The patient’s thyroid function test suggested that her free triiodothyronine (FT3) of 2.31 pmol/L was only mildly depressed, and it was unlikely that the pericardial effusion was caused by hypothyroidism. To rule out the possibility that the patient’s pericardial effusion was caused by autoimmune disease, we further performed autoimmune marker screening, and the patient’s antinuclear antibodies (ANA), anti-neutrophil cytoplasmic antibodies (ANCA), and antiphospholipid. The antiphospholipid syndrome antibodies were all negative, which essentially excluded autoimmune diseases.

Three days after admission, the patient had no fluid flow from the pericardial drainage tube, so the pericardial drainage tube was removed. Seven days after admission, the patient’s bedside color doppler ultrasound showed that the right pleural effusion was less than at the time of admission. However, there was still a considerable amount of pleural effusion on the left side. We gave the patient left-sided thoracic puncture drainage, and the drainage fluid was light-red. Routine examination of the pleural fluid showed protein 42.83 g/L; a positive Reye’s test; total red blood cell count of 67,500.00 × 106/L; total white blood cell count of 1359.00 × 106/L; and percentage of single nucleated cells 97%. Its property was approximately the same as that of pericardial effusion, which was an exudate and the possibility of extravasation of a large amount of pericardial effusion could not be excluded. After receiving symptomatic supportive treatment, the patient’s symptoms showed improvement, and the family refused to undertake further specific investigations to determine the cause.

However, 2 months later, the patient was readmitted with malaise, chest pain, and low-grade fever. She had been treated with cephalosporin at a local hospital before admission, but the outcome was poor. A small amount of pericardial effusion was again detected by echocardiography at the time of admission. To determine the cause of the pericardial effusion, the patient was referred to the department of thoracic surgery for a biopsy of the pericardial mass. Pathological findings showed granulomatous lesions and fibrous hyperplasia of the mediastinal lymph nodes (Figure 4) and granulomatous lesions of the pericardial fibrofatty tissue (Figure 5). Furthermore, the patient’s pulmonary CT indicated a nodular calcified shadow in the left upper lung and enlarged and partially calcified lymph nodes in the mediastinum and part of the bilateral hilum. The patient was considered to have stable tuberculosis in the upper lobe of the left lung, and the pericardial puncture fluid was exudate with increased leukocytes, mainly monocytes, and mildly elevated ADA. TBP can be suspected according to the diagnostic criteria, and the patient was advised to go to an infectious disease hospital for further treatment. The dosing regimen was: isoniazid 300 mg orally one time a day (QD), rifampicin 600 mg orally QD, ethambutol 100 mg orally QD, and pyrazinamide 100 mg orally QD. The four drugs were administered for 8 weeks and then reduced to isoniazid and rifampicin to continue the treatment for 6 months. According to the PET-CT results, the patient’s pericardium had become unevenly thickened. To avoid progression to constrictive pericarditis, the patient was given prednisolone 50 mg, and the dose was gradually reduced. After 8 months, we followed up with the patient by telephone; her symptoms, such as weakness and chest pain, were improved following the anti-tuberculosis treatment.
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FIGURE 4
Chronic inflammatory cell infiltration was seen in the connective tissue granulomatous lesions and fibrous tissue hyperplasia were seen in the lymph nodes No necrosis was observed. As shown in the red circle.
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FIGURE 5
Granulomatous lesions are seen within the fibrofatty tissue, as shown in the red circle.




Discussion

We have reported the case of a patient who was diagnosed with TBP by pericardial biopsy after all laboratory tests were negative. The patient presented with fatigue and loss of appetite as the primary clinical manifestations, and an echocardiogram showed moderate to large pericardial effusion. The drainage fluid after the puncture was a hemorrhagic exudate. Tuberculosis and cancer are common causes of pericardial effusion, and TB is the most frequent cause in developing countries (4).

Extrapulmonary tuberculosis (EPTB) can affect any part of the body; it is often missed or misdiagnosed because clinical manifestations may be atypical, diagnostic tissue samples are readily unavailable, and bacterial levels are low, making diagnosis difficult (5). Pleura and lymph nodes are the most common sites of EPTB lesions, followed by bones, joints, intestines, peritoneum, kidneys, the genitourinary system, and meninges (6). A study on the epidemiology of extrapulmonary TB in Chinese inpatients suggested that skeletal TB may be the predominant form of extrapulmonary TB in China, accounting for nearly 41% of its EPTB; this discrepancy may be related to BCG vaccination nationwide in China (2). In contrast, pericardial TB is a rare type of EPTB, usually caused by retrograde dissemination of mycobacterium tuberculosis from the peripheral trachea, peripheral bronchi, or mediastinal lymph nodes via lymphatics or hematogenous dissemination of the primary TB infection (7). EPTB can present different physical signs and symptoms depending on the organ involved, the disease’s aggressiveness, and the host’s immune response. TBP can be divided into four stages, with corresponding clinical manifestations (8, 9). The mortality rate of TBP 6 months after diagnosis is 17–40% (10). Therefore, an early and effective diagnosis of TBP can help improve the disease cure rate and reduce mortality.

To facilitate diagnosis in TB-endemic countries, there are uniform diagnostic criteria for confirmed and suspected TBP based on clinical and laboratory findings (11). Currently, the most widely used laboratory tests for diagnosing TBP include T-SPOT, Xpert MTB/RIF, ADA, etc. The overall sensitivity and specificity of T-SPOT are 91 and 88%, respectively (12), while the corresponding figures for Xpert MTB/RIF are 68 and 99% (13). Hence, the latter is more specific than T-SPOT but has lower sensitivity when negative. The threshold value of ADA remains controversial; ≥ 40 U/L is usual when diagnosing the possible presence of TBP in patients, and the sensitivity and specificity of the test are 84.0 and 80.0%, respectively, at the threshold value of 40 U/L (14). Pericardial fluid culture is also a widely used test for diagnosing TBP; however, it is usually not preferred because it is time-consuming, and in 27–48% of cases, no tuberculous fraction is found in the pericardial fluid (15). Notably, this patient differed from typical patients with tuberculous cystitis in having no typical TB symptoms. She also recorded negative T-SPOT and Xpert MTB/RIF tests, ADA of 32 U/L in the pericardial fluid, and negative results for the culture of antacid bacilli in the pericardial fluid, which do not form the basis for a TBP diagnosis. A meta-analysis found the overall sensitivity and specificity of interferon-gamma (IFN-γ) to be 97 and 99%, respectively. However, IFN-γ is relatively expensive and is not commonly used as a laboratory test (16).

The patient was discharged with symptomatic treatment, but she was readmitted 1 month later with malaise, chest pain with hypothermia, and echocardiography indicated a small pericardial effusion. A single-center study involving 174 patients suggested that pericardial tissue biopsy is feasible for recurrent pericardial effusions to improve the likelihood of diagnosis in patients (17). Ultimately, this patient was diagnosed with TBP when a pericardial biopsy was performed to identify the source of the pericardial effusion, and a granuloma was found.

The current treatment for TB pericarditis is a “quadruple” regimen of rifampin, isoniazid, pyrazinamide, and ethambutol for 2 months, followed by isoniazid and rifampin for 4 months (3). Adjuvant corticosteroid therapy reduces the hospitalization rate for TBP and the incidence of patients progressing to constrictive pericarditis, but it increases cancer incidence in HIV-positive patients (18). Meanwhile, some studies have suggested that routine pericardiocentesis with prolonged drainage reduces the incidence of constrictive pericarditis (19, 20). In countries with a high burden of tuberculosis, ATT may be used to treat the pericardial effusion that excludes other possible factors (21). However, the efficacy and safety of empirical ATT need further study.

Our study also has a few limitations. The diagnosis of EPTB is a challenge. We have no definitive diagnostic evidence - mycobacterium tuberculosis was found or pericardial biopsy found caseous granuloma. There is still much room for exploration in the way of laboratory test of extra-pulmonary tuberculosis.

In conclusion, negative routine laboratory tests for the pericardial effusion of unknown origin does not exclude tuberculosis pericarditis. And a biopsy of the pericardial effusion may help clarify the diagnosis based on excluding other causes. Empirical anti-TB treatment may be considered after non-TB causes have been ruled out to the extent possible.
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A young adult woman presented with exertional dyspnea and she had had recurrent epistaxis for more than 10 years. On physical examination, cyanosis was noted on the lips, and telangiectasias were seen on the oral mucosa and fingertips. Routine investigations revealed iron deficiency anemia and slightly elevated bilirubin. The result of right heart catheterization was indicative of pulmonary arterial hypertension (PAH). Pulmonary angiography showed arteriovenous malformations of the left upper pulmonary artery, and anterior cerebral artery malformation was seen in cranial computed tomographic angiogram. Genetic testing revealed that she and her three daughters carried heterozygous variant of ENG c.1195-1196del p.Arg399GlyfsTer2, which is characterized by pulmonary and cerebral arteriovenous malformations. In addition, our patient had pulmonary hypertension (PH) that is commonly associated with ACVRL1 mutations, revealing her phenotype was not consistent with isolated ENG genetic mutations. Here, we report a case with hereditary hemorrhagic telangiectasia (HHT) combined with PAH, which is associated with interesting differential diagnosis and etiological analysis. We have discussed the relationship between PH and HHT and the characteristics of PAH in HHT patients.
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Case presentation

A 31-year-old woman complained of “shortness of breath for 2 years with exertion, worsening for 10 months.” Two years ago, in the fifth month of her fourth pregnancy, she suffered exertional dyspnea accompanied by edema of both lower extremities, which was relieved after delivery. In the past 10 months, the patient’s exercise capacity decreased progressively with onset of palpitations, and she had to take rest when climbing to the second floor. She was admitted to a local hospital. The pulmonary systolic pressure was estimated to be 110 mmHg by echocardiography. Computed tomographic pulmonary angiogram (CTPA) showed that the main pulmonary artery was widened, and no filling defect was found. Her symptoms improved with diuretic.

She had had recurrent epistaxis for more than 10 years, and her eldest and second daughters also had a history of epistaxis. Vital signs revealed a temperature of 36.5°C, heart rate of 85 beats per minute, respiratory rate of 21 breaths per minute, and blood pressure of 119/70 mmHg. Cyanosis was noted on the lips, and telangiectasias were seen on the oral mucosa and fingertips (Figure 1). Auscultation revealed P2 > A2 in the pulmonary auscultation area and grade 3/6 systolic murmurs in tricuspid valve area. No pitting edema of extremities was observed. Arterial blood gas analysis on room air is normal. Fecal occult blood was weakly positive. Complete blood count and decreased ferritin were suggestive of iron deficiency anemia. Liver function revealed slightly elevated bilirubin and brain natriuretic peptide, troponin were normal. Immunoglobulin levels were normal, but with mildly decreased levels of complement3 and complement4. Coagulation function showed reduced activity of protein C. Laboratory data in detail are shown in Table 1.
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FIGURE 1
Abnormal inspection. Cyanosis was noted on the lips, and telangiectasias were seen on the oral mucosa (A) and fingertips (B).



TABLE 1    Laboratory data.
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The result of right heart contrast echocardiography was consistent with pulmonary arteriovenous malformations (AVMs). The result of echocardiography was indicative of pulmonary hypertension (PH). Electronic gastroscopy showed chronic non-atrophic gastritis but no gastric vascular malformations. Pulmonary function showed mild diffusion dysfunction. No obvious filling defect or vascular malformations were observed on CTPA (Figure 2A), but several ground-glass opacities were seen on the lung window of CTPA, where one of 7.8 mm × 7.5 mm in diameter was located in the right upper lung lobes (Figure 2B). The result of right heart catheterization (RHC) is shown in Table 2. Pulmonary angiography showed AVMs of the left upper pulmonary artery (Figure 3A), and anterior cerebral artery malformation was seen in cranial computed tomographic angiogram (Figure 3B). Genetic testing revealed the patient carried heterozygous variants in the ENG c.1195-1196del p.Arg399GlyfsTer2. Except her son, all her three daughters carried a heterozygous variant at the ENG c.1195-1196del locus.
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FIGURE 2
Computed tomography pulmonary angiography. (A) No obvious filling defect or vascular malformations were observed. (B) The ground-glass opacity that was 7.8 mm × 7.5 mm in diameter and located in the right upper lung lobes was seen.



TABLE 2    The results of right heart catheter in two admissions.
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FIGURE 3
Pulmonary angiography and cranial computed tomographic angiogram. (A) Arteriovenous malformations of the left upper pulmonary artery were shown. (B) Anterior cerebral artery malformations were revealed.


As a young adult woman, our patient’s main clinical symptom at presentation was exertional dyspnea, and she had recurrent epistaxis, multiple mucocutaneous telangiectasias, and organ involvement. According to Curacao diagnostic criteria (1), together with the results of RHC, the diagnosis of hereditary hemorrhagic telangiectasia (HHT) combined with pulmonary arterial hypertension (PAH) could be made.

She was treated with macitentan 10 mg once daily, furosemide 20 mg once daily, spironolactone 20 mg once daily, and polysaccharide iron complex 300 mg once daily.

Four months later, the patient returned to our hospital. The patient’s exercise tolerance was improved. Repeat RHC revealed in Table 2. Although the mean pulmonary artery pressure (PAP) of the patient did not change significantly, she reported feeling better and meantime pulmonary blood volume and pulmonary vascular resistance (PVR) improved.



Discussion

Hereditary hemorrhagic telangiectasia is an autosomal dominant inherited disease characterized by multisystemic vascular dysplasia (2). The main genetic mutations are in endoglin (ENG), activin receptor-like kinase1 (ACVRL1), and mothers against decapentaplegic homolog 4 (SMAD4) (3). HHT1 is caused by mutations in ENG gene, while HHT2 is caused by ACVRL1 gene mutations, where TGF-β superfamily signaling pathway has been recognized to play a vital role (4). For our patient, one heterozygous variant was detected in the ENG gene, and the c.1195-1196del variant was located in the ENG gene of exon 9, which was a pathogenic variant according to the American College of Medical Genetics (ACMG) criteria (5). The mutation of ENG c.1195-1196del could cause a frameshift at amino acid 399 of the encoded protein, resulting in an early stop codon at amino acid 400. All types of mutations have been reported, including missense, non-sense, deletions, insertions, and splice site. Most families with HHT have unique mutations, and more than 900 mutations are described (6). According to the analysis of ExAC database and gnomAD database, the population frequency of this variant locus has not been recorded, but this variant was reported in a patient with spontaneous hemothorax (7).

Although PH is increasingly recognized as an important complication of HHT recently (8), whether PH is secondary to HHT or HHT is combined with PH in our patient was required to be discussed. At present, it is believed that the main pathogenesis of HHT-related PH occurs in two ways. First, multiple pulmonary AVMs bring about significant right-to-left shunt, resulting in high hemodynamics and increased cardiac preload. Reverse transmission of pressure leads to PH of a post-capillary subtype. One large study of 175 children confirmed HHT and found that 22% of children with HHT had pulmonary AVMs (9). But PH is not always associated with pulmonary AVMs. Our patient has no obvious hypoxemia and erythrocytosis, which means the right-to-left shunting in pulmonary arteries is not severe. These signs are consistent with the results of pulmonary artery angiography. Second, others may feature significantly increased PAP and PVR with normal pulmonary artery wedge pressure (PAWP), which defines pre-capillary PH, whose histological features are not significantly different from idiopathic pulmonary arterial hypertension (IPAH). A cohort study of 578 HHT patients found that HHT2 patients were more likely to have post-capillary PH than HHT1 patients (10) because such patients often have hepatic AVMs. Trembath et al. found that ACVRL1 gene mutations may lead to the occlusion of pulmonary artery, which results in hereditary PAH (HPAH) and clinical manifestations, such as AVMs (3). Pre-capillary PH in HHT patients is relatively rare and mainly occurs in patients with ACVRL1 gene mutations (4). Therefore, HHT-related PH has primarily been associated with ACVRL1 gene, leading us to wonder whether HHT was the only contributing factor to her PH.

Genetic testing provides clues for a definite diagnosis, but when the patient’s phenotype could not be fully explained by the genotype, it is necessary to review the patient’s medical history and test results to make the best clinical judgment. The etiology can be traced back as follows: (1) Reduced protein C activity and normal activity of protein S and antithrombin-III were found. She did not take warfarin recently, which may interfere with the activity of protein C. The available evidence could not support the diagnosis of hereditary thrombophilia. But she was in a potential hypercoagulable state, which was a risk factor for pulmonary veno-occlusive disease (PVOD)/pulmonary capillary hemangiomatosis (PCH). Although EIF2AK4 gene mutation was not found in our patient, PVOD/PCH could not be completely ruled out due to her manifestations of PAH in the absence of left-sided heart disease, combined with ground-glass nodules and decreased lung diffusion capacity. Unfortunately, high-resolution chest tomography (HRCT) and transbronchial lung biopsy (TBLB) were not underwent. (2) The four times of pregnancies kept the pulmonary blood vessels in a state of higher circulation over an extended period of time. Although the abnormal state was not continuous, the remodeling of the pulmonary capillaries likely could not be recovered. (3) A small amount of right-to-left shunt can be seen in the patient’s right heart contrast echocardiography, but it is currently hard to confirm whether it is a congenital or secondary change. Whether patent foramen ovale worked in the progress of PH is uncertain. (4) Pre-capillary PH could be the result of chronic thromboembolic pulmonary hypertension (CTEPH) (11), but no significant ventilation and blood flow mismatch were observed in ventilation/perfusion scintigraphy, which was vital for the diagnosis of CTEPH. (5). In addition, chronic anemia caused by epistaxis led to increased cardiac output and may also have contributed to the development of PH.

Although PAH in HHT patients with ENG gene mutation is not first reported, the diagnosis and etiological analysis in this group is still challenging. On the one hand, hereditary PAH in patients with pulmonary AVMs in combination with HHT is difficult to be distinguished clinically from IPAH, as it is usually associated with dysfunction of ALK-1, the product of ACVRL1 gene (12). Some studies found approximately 70% of cases with HPAH are associated with bone morphogenetic protein receptor type II (BMPR2) gene mutation and less than 1% of patients with HHT suffered HPAH caused by a mutation in the ACVRL1 gene (8, 13). However, HPAH patients with ACVRL1 gene mutations are frequently asymptomatic and not combined with HHT (14). Besides, several less common HHT gene mutations were identified in HPAH patients, such as ENG gene and growth differentiation factor 2 (GDF2) gene (15). On the other hand, as a rare complication of HHT, PAH could be likely related to high-output heart failure. A case of 55-year-old woman with HHT combined with high-output heart failure was reported, and her PVR was elevated to 5.5 Woods units prior to the treatment (16). Compared with relatively temporary high circulation state of our patient, she was in a persistent state due to the presence of hepatic AVMs. Besides, a case of 26-year-old woman with HHT with pre-capillary PH was reported. After she underwent the therapy of pre-capillary PH, high cardiac output and PAWP were surprisingly unveiled (17), which suggested that high cardiac-output state could be masked.

In summary, PH could result from multiple different issues and is likely multifactorial. Standardized diagnosis, seeking causes, and early identification of risk factors are essential to improve the prognosis of patients. Additional causes should be suspected and sought out when unusual clinical phenomena occur. As a rare disease, if HHT was combined with PH, it could easily be diagnosed as idiopathic PAH or attributed to HHT alone if one is not mindful of other potential contributions. Therefore, it is vital to evaluate the underlying reversible causes.



Limitations

This was a retrospective study and the lack of information was the shortcoming of our study. Up to the time we chose this case, the patient had been hospitalized twice and we read all the data in the electronic medical record, but the patient did not complete all important examinations, including brain magnetic resonance imaging, HRCT, and TBLB.



Future directions

In patients with HHT, the pathogenesis of PH is complex and multifactorial and the phenotypes are diverse. It is not clear how to identify whether PH is secondary to HHT or HHT is combined with PH accurately. It is difficult to tell the differences between HHT-related PAH and PAH in the general population. Further researches are required to explore the pathogenesis of PH in HHT patients.



Conclusion

We report such an ENG-related case of HHT combined with PAH in a young adult woman with minor pulmonary AVMs for the first time. We found that even if high-output heart failure was not continuous in HHT patients, irreversible pulmonary vascular remodeling might occur and pre-capillary PH was caused.
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Case report: Severe dry cough associated with superior vena cava syndrome—Caused recurrent chylothorax
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Introduction: Symptomatic pleural effusion is occasionally caused by superior vena cava syndrome. Dyspnea and pleuritic chest pain are common symptoms of pleural effusion. However, the current literature has not reported a causal linkage between chylous pleural effusion and dry cough.

Case presentation: A patient with uremia suffered from an unexplained severe dry cough, which could be triggered by postural changes. Medical examinations ruled out the possibility of chronic bronchitis, gastroesophageal reflux, chest tumor, tuberculosis, asthma, chronic obstructive pulmonary disease, and allergy history. Examinations showed that the patient had chylous pleural effusion. The cough symptoms were relieved after extraction of the pleural effusion but soon reappeared with the recurrence of chylothorax. Enhanced computed tomography showed that the patient had superior vena cava occlusion. After recanalization of the superior vena cava by percutaneous balloon dilatation, the patient no longer had chylothorax, and the severe cough was eliminated.

Conclusion: Super vena cava syndrome can cause chylothorax and further stimulate severe dry cough. Cough is not a specific symptom. Chest imaging and pleural fluid analysis can help narrow down the diagnosis.

KEYWORDS
chylothorax, dry cough, enhanced computed tomography, superior vena cava syndrome, case report


Introduction

Pleural effusion refers to the fluid accumulated in the pleural cavity and is usually divided into transudate and exudate. Thoracentesis and pleural effusion analysis are often performed to determine the cause. Chylous pleural effusion, or chylothorax, is a non-inflammatory exudate rich in triglycerides (1). Chylothorax is usually caused by the destruction of the thoracic duct due to trauma, thoracic tumors, severe infection, and occasionally by superior vena cava syndrome. In cases of chylous collection of > 500 mL, shortness of breath, chest tightness, palpitation, and dyspnea may occur (2).

Patients with chronic coughs are very common in the respiratory department outpatient clinic, but they are often ignored by clinicians. Many patients are generally diagnosed with bronchitis or chronic bronchitis, which is ineffective after cough and expectorant treatment or a variety of antibiotics. The diagnosis of a chronic cough generally follows the sequence of simple examination before complex examination and common diseases before rare diseases. Chronic cough is not a specific symptom. The most frequent causes include eosinophilic bronchitis, postnasal drip syndrome, gastroesophageal reflux disease, cough variant asthma, and upper airway cough syndrome. Cough receptors are found not only in the throat, trachea, bronchus, and other parts of the respiratory system, but also in the esophagus, paranasal sinuses, external auditory canal, pleura, pericardium, and other parts (3). Therefore, diseases of the above systems or parts may produce cough symptoms. The key to chronic cough treatment lies in determining the etiology.

No previous studies have reported a causal and therapeutic linkage between large chylous pleural effusion and cough. This article reports a severe dry cough case caused by superior vena cave occlusion-induced recurrent chylothorax.



Case report

A 50-year-old man sought treatment in several hospitals because of a severe dry cough. The cough first appeared in December 2020 without obvious inducement, accompanied by a small amount of white foam sputum and sticky sputum. During 1 month, the patient’s cough gradually worsened, with dyspnea after activities and paroxysmal dyspnea at night. Cough symptoms were associated with postural changes, such as standing up from sitting, bending over, or turning over during sleep, which could trigger severe coughs, and the patient even had transient amaurosis (self-reported syncope three times). The patient was hospitalized at Xinqiao Hospital of Army Military Medical University (Chongqing, China) on 11 January 2021, and discharged on 21 January 2021. Computed tomography (CT) of the chest showed bilateral pleural effusion (Figure 1A), which was later tested to be chylous fluid (Table 1). The cough was relieved after extracting the pleural fluid. However, the relief could only last for 1 day until the pleural effusion reappeared. The patient had to have pleural effusion extracted every other day to relieve his cough, and the amount of pleural effusion was very large (800–1,000 mL each time). It was suspected that the severe cough was related to recurrent pleural effusion. To determine the cause of such a serious pleural effusion, the patient received enhanced CT, which found an occlusion in the superior vena cava. Because the patient had a long history of dialysis because of uremia, he was recommended to go to the nephrology department to treat his superior vena cava occlusion.


[image: image]

FIGURE 1
Computed tomography shows pleural effusion (A) and angiography shows superior vena cava occlusion (B). Balloon dilatation was performed (C) and pleural effusion no longer appeared after 4 months (D).



TABLE 1    Results of pleural effusion analysis.
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The patient then visited the Department of Nephrology of our hospital. The patient was diagnosed with chronic kidney disease stage 5 in 2003 and received kidney transplantations in 2003 and 2017. The second transplantation failed. He had undergone dialysis for 8 years. In the first 6 months, a right internal jugular vein long-term catheter was used for dialysis, which was later changed to a left brachiocephalic arteriovenous fistula. Physical examination showed that the patient had erythema and edema on the face and neck, diffuse varicosities across the anterior chest, and distended jugular veins. Subsequent CT venography and digital subtraction angiography showed occlusion of the superior vena cava (Figure 1B) and extensive venous collateral vessels within the lower neck and superior mediastinum. The patient was admitted for hospitalization on 20 February 2021. To determine the cause of pleural effusion, 40 mL of pleural fluid was drawn from the right thoracic drainage tube and sent for pleural effusion analysis, exfoliated cell examination (thoracic tumor), and bacterial culture (tuberculosis infection).

The results of the pleural effusion analysis returned on 21st February, showing chyle positivity with elevated lymphocytes (Table 1). No abnormality was found in exfoliated cell examination. Ward rounds showed that the patient’s temperature was normal, superficial lymph nodes were not palpable, the breath sounds were low and clear, and no rales were heard. Routine blood tests showed that leukocytes (7.77 × 109/L) and neutrophils (86.5%) were elevated. Because the inflammatory indicators increased in the pleural effusion and blood samples, the patient was given piperacillin-tazobactam (4.5 g q12 h) as treatment. At 1:00 p.m. that day, the patient experienced transient syncope. Sudden loss of consciousness occurred after coughing induced by positional changes from lying to sitting. The patient fell to the ground, without limb twitching, incontinence, or foaming at the mouth. The patient improved spontaneously after 5 s and did not complain of dizziness, headache, palpitations, chest tightness, or dyspnea. His blood pressure was 105/63 mmHg, and his heart rate was 88 times/min. No special treatment was carried out for this syncope.

On 22 February, several tests, including the detection of anti-tuberculosis antibody, sputum smear, sputum culture, and detection of acid-fast bacilli in sputum, were performed. The patient had been taking immunosuppressants since renal transplantation, which might increase the susceptibility to tuberculosis infection. Tuberculosis infection is a possible cause of chylothorax, so we decided to further search for evidence of tuberculosis infection. The bacterial culture of the pleural effusion showed positive results for Staphylococcus lugdunensis, so the antibiotic treatment was continued.

On 23 February, 1,000 mL of effusion was extracted from both lungs through thoracentesis. The pleural fluid analysis showed that the total cell counts decreased, suggesting that the antibiotic treatment was effective. Antibody tests for tuberculosis (gold labeled immunoassay) were weakly positive (+/-), but no Mycobacterium tuberculosis was detected in sputum specimens (sandwich cup method). According to the current examination results, the possibility of tuberculosis infection could be ruled out. Therefore, we speculated that superior vena cava occlusion was the most likely cause of recurrent chylothorax.

On 24th February, percutaneous balloon dilatation was performed to recanalize the superior vena cava (Figure 1C). The superior vena cava was clearly visualized and unobstructed. The collateral circulation mostly disappeared, and the stenosis was relieved.

The patient recovered well in the following days. Physical examination showed that the swelling of the face and neck obviously subsided. Three days after the operation (March 1), the patient received an ultrasound examination for the detection of pleural effusion. The results showed a flaky anechoic area in the bilateral chest, with a maximum depth of 46 mm in the right chest and 40 mm in the left chest. The location of the pleural fluid was not determined due to the small amount. On 3rd March, the patient received a chest CT again. Only a small amount of pleural effusion was found, and most of the lungs were dilated. The patient was discharged on the same day.

Follow-up was conducted after 4 months and 12 months. Chest CT showed no pleural effusion (Figure 1D). The patient reported that cough symptoms were eliminated. Based on the results, we can confirm that the obstruction of the superior vena cava caused the patient to develop recurrent chylothorax, and further stimulated severe postural change-related cough.



Discussion

In general, symptomatic pleural effusion mainly causes dyspnea or pleuritic chest pain. The rarity of the present case is that a severe chronic cough related to postural changes is the main symptom. In this case, the patient’s complex complications increase the difficulty of diagnosis. The patient had received kidney transplantation twice because of uremia and had complications, including renal hypertension, renal hypoproteinemia, hyperlipidemia, and pericardial effusion. Chest imaging examination is helpful to narrow down the diagnosis. Fortunately for this case, thoracentesis, and pleural effusion analysis were performed immediately after the discovery of pleural effusion, which suggested that the cough symptoms were caused by chylothorax. We found another rare case report of chronic cough and recurrent pleural effusion (4). Similarly, in that case, the doctors performed chest radiography after excluding other common causes of cough and found pleural effusion. The pleural effusion was exudate. After consecutive examinations, the patient was diagnosed with constrictive pericarditis. These two cases illustrate that the diagnosis of unexplained cough can be very challenging.

Although it took several days to determine the cause of chylothorax, the exploration direction in the diagnosis process was clear. The three most likely causes were thoracic tumor, tuberculosis infection, and superior vena cava syndrome. Thoracic tumors were first excluded by enhanced CT and exfoliated cell examination of the pleural effusion. Infection also did not seem to be the cause because a large amount of pleural effusion is often related to a very serious infection. The current case only showed a slight increase in inflammatory indicators, and his body temperature remained normal. Combined with a bacterial culture of pleural effusion, tuberculosis antibody screening, and tuberculosis detection in sputum specimens, the presence of tuberculosis was ruled out. Considering the patient’s dialysis history, the obvious physical appearance of central vein occlusion, and the angiography evidence, superior vena cava syndrome was the most likely cause of chylothorax. Finally, the recanalization operation eliminated the symptoms of chylothorax and cough at the same time, which confirmed our diagnosis.

In summary, super vena cava syndrome can cause chylothorax and further stimulate severe dry cough. Chest imaging and pleural fluid analysis can help narrow down the diagnosis of cough.



Patient perspective

The ultimate cause of the patient’s cough was superior vena cava obstruction, which is a common complication in dialysis patients. However, no nephrologist had established a correlation between dialysis and cough during the patient’s routine dialysis. The reason is that pleural effusion caused by the superior vena cava is not common, and cough caused by pleural effusion is extremely rare. Patients with cough symptoms usually go to the respiratory department for diagnosis and treatment. In this case, the patient had visited several hospitals before finally being diagnosed in our hospital and had been unable to receive effective treatment. The patient’s quality of life quality was seriously affected, and the patient showed obvious anxiety and disappointment. The patient was finally diagnosed and effectively treated in our hospital. On the second day after the operation, the patient reported that his cough and dyspnea after activities had improved significantly. During the follow-up, both large pleural effusion and cough no longer recur. The patient and his family were very satisfied and expressed thanks to the relevant medical staff.
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Immune checkpoint inhibitors (ICIs) have significantly improved the survival of patients with advanced tumors. However, immune-related adverse events (irAEs) caused by ICIs, especially high-grade irAEs, are of growing concern. High-grade multisystem irAEs due to toripalimab, a programmed cell death-1 (PD-1) inhibitor, have been rarely reported. Two patients with malignant metastatic tumors were treated with anti-PD-1 immunotherapy. However, both patients developed high-grade multisystem irAEs based on myocarditis, with chest discomfort and malaise as the main clinical manifestation. Both patients had an elevation of cardiac enzymes, abnormal electrocardiography and left ventricular wall motion. Patient 2 was also diagnosed with organizing pneumonia. Immunotherapy was suspended. High-dose intravenous methylprednisolone was immediately initiated. The patients’ symptoms were significantly relieved in a short period of time. Immunosuppressants were discontinued at the 6th month follow-up in patient 1 without relapse. However, patient 2 was lost to follow up due to financial reasons. To the best of our knowledge, this is the first report regarding ICI-associated myocarditis-pneumonia due to toripalimab, indicating the significance of early recognition and management of high-grade multisystem irAEs in clinical practice.
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Introduction

Immune checkpoint inhibitors (ICIs) have dramatically extended the survival of patients with advanced tumors. However, immune-related adverse events (irAEs) caused by ICIs, especially high-grade irAEs, pose a significant threat to patients’ lives, with an incidence ranging from 54 to 76% (1). Excessive immune activation by ICIs can occasionally induce multiple irAEs in different organs (2). The incidence of multisystem high-level irAEs may be underestimated due to the high rate of misdiagnosis that may result from its individualized clinical presentation.

Toripalimab, a human monoclonal antibody against programmed cell death-1 (PD-1), has been developed and received conditional approval as salvage treatment for unresectable or metastatic melanoma in China since 2018 (3). Yet high-grade multisystem irAEs caused by toripalimab have been rarely reported. Here we report two Chinese patients with advanced tumors who experienced a severe storm of multisystem irAEs after receiving toripalimab treatment, indicating the significance of early diagnosis and timely management of multisystem irAEs due to toripalimab.



Case presentation


Case 1

A 43 years-old Chinese female patient had a 6-year history of mixed liposarcoma of the right upper extremity with bilateral lower extremity metastases. The patient received 240 mg of toripalimab every 2 weeks from May 2019. After four cycles of toripalimab treatment, she presented to the emergency department at our institution with complaints of a 5-day generalized rash and malaise, as well as a sudden onset of severe chest pain with palpitation and dyspnea lasting for 2 h. She denied a history of diabetes mellitus, cardiovascular diseases, or thyroid diseases. Blood pressure on admission was 101/58 mmHg and the heart rate was irregular with a frequency of 131 beats/min. The respiratory rate was 36 breaths/min with normal oxygen saturation. Physical examination revealed generalized multiforme-like rash as well as muffled heart sounds and a grade II/VI holosystolic murmur typical of mitral regurgitation. Neurological examination revealed a grade IV muscle strength in her both lower limbs.

Laboratory tests showed that serum creatine phosphokinase (CPK) was 2,370 U/L (normal 25∼192 U/L), with increased levels of creatine kinase isoenzyme MB (CK-MB 53.6 ng/ml, normal 2∼4.99 ng/ml), cardiac troponin I (cTnI 7.49 ng/ml, normal 0∼0.02 ng/ml), cardiac troponin T (cTnT 5.43 ng/ml, normal 0∼0.014 ng/ml), myoglobin (214 ng/ml, normal 0∼46.6 ng/ml), lactate dehydrogenase (LDH 616 U/L, normal 110∼240 U/L), alanine aminotransferase (ALT 73 U/L, normal 0–40 U/L), aspartate aminotransferase (AST 212 U/L, normal 0–45 U/L), and N-terminal pro brain natriuretic peptide (NT-proBNP 4999 pg/ml, normal 0∼450 pg/ml). Further tests revealed decreased levels of free triiodothyronine (2.44 pmol/L, normal 3.28∼6.47 pmol/L) and free thyroxine (3.72 pmol/L, normal 7.64∼11.3 pmol/L), with elevated levels of thyrotropin (68.29 mIU/L, normal 0.38∼5.91 mIU/L), anti-thyroid peroxidase antibodies (94.99 mIU/ml, normal 0∼34 mIU/ml), and anti-thyroglobulin antibodies (572 IU/ml, normal 0∼115 IU/ml) (Table 1). There was no evidence of infection, and her autoimmune antibodies, including myositis-associated and myositis-specific antibodies, were also negative. Electrocardiogram showed paroxysmal ventricular tachycardia (104 beats/min). Emergency coronary angiography and left heart catheterization were unremarkable. Echocardiography revealed the myocardial motion of the anterior wall and the apical segment of the anterior septum of the left ventricle was diminished. The left atrium and left ventricle were enlarged (anterior-posterior left atrial diameter was 38 mm). In contrast, the right atrium and right ventricle were normal, with moderate mitral and tricuspid regurgitation and a small amount of pericardial effusion, with an ejection fraction (EF) of 55%. Electromyography demonstrated varying degrees of myogenic damage in the proximal muscles of the extremities, without abnormal changes in the distal muscles. Thyroid ultrasound and chest computed tomography (CT) scan showed no abnormalities. Cardiac magnetic resonance (MR) and muscle biopsy was not allowed due to the rapid deterioration of chest pain. She was transferred to the intensive care unit.


TABLE 1    Laboratory findings on admission.
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The patient was finally diagnosed with multisystem irAEs resulting from anti-PD-1 therapy according to the results of the multidisciplinary discussion. The diagnoses of ICI-associated myocarditis (grade 4), myositis (grade 3), Hashimoto’s thyroiditis (grade 2), and skin toxicity (grade 2) were made based on the National Cancer Institute Common Toxicity Criteria for Adverse Events (NCI-CTCAE). On day 3, intravenous methylprednisolone (200 mg/day) was initiated for 3 days, with oral levothyroxine replacement therapy (50 μg/day). Her chest pain and dyspnea were significantly relieved and the rash disappeared within 10 days. CPK, CK-MB, and troponin gradually decreased (Figure 1). On day 7, laboratory tests showed serum CPK to be 284 U/L, cTnI 0.279 ng/ml, cTnT 1.367 ng/ml, myoglobin 34 ng/ml, CK-MB 7.91 ng/ml, and NT-proBNP 1792 pg/ml. Echocardiography suggested an increase in EF to 60%.
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FIGURE 1
(A) Electrocardiogram of patient 1 on admission. (B) Clinical course of patient.


Her methylprednisolone was gradually tapered. After 3 weeks, methylprednisolone was reduced to 48 mg/day, and she again developed chest pain and malaise. Laboratory tests showed a normal CPK level but an elevated CK-MB level to 28.7 ng/ml. Therefore, azathioprine (50 mg/day) was added, and her symptoms were gradually relieved within 2 weeks. Methylprednisolone was gradually tapered accordingly and was discontinued after 12 weeks, with azathioprine (100 mg/day) as maintenance therapy. At 6-month follow-up, laboratory tests revealed CPK to be 212 U/L, CK-MB 3.84 ng/ml, CTnI 0.08 ng/ml, and CTnT 0.016 ng/ml (Figure 1). At the time of writing this report, she was only taking oral levothyroxine (75 μg/day) replacement therapy and refused to receive any other anti-PD-1 therapies due to the potential risk for recurrence of severe multisystem irAEs, without evidence of tumor progression.



Case 2

A 64 years-old Chinese woman was diagnosed with advanced pancreatic adenocarcinoma with multiple metastases (liver, adrenal glands, and multiple lymph nodes) in January 2021. Due to her intolerance to chemotherapy, toripalimab (240 mg every 2 weeks) was initiated and clinical improvement was gradually achieved. Before the sixth treatment, she developed chest tightness and malaise that lasted for 2 days, without fever or cough. She took amlodipine for 7 years due to hypertension, and she denied prior history of lung diseases or autoimmune diseases. Physical examination on admission showed that the patient had an oxygen saturation of 87% (room air, at rest) and wet rales in the right lower lungs, with normal cardiac auscultation.

Laboratory tests showed that serum CPK was 1322 U/L, CK-MB 101.2 ng/ml, CTnI 0.72 ng/ml, CTnT 1.872 ng/ml, myoglobin 146.3 ng/ml, and NT-proBNP 3964.8 pg/ml. The white blood cell count was 9.18 × 109/L (normal 4∼10 × 109/L), and calcitonin (<0.05 ng/ml, normal <0.05 ng/ml) and C-reactive protein (2.73 mg/L, normal <5 mg/L) levels were normal. Arterial blood gas analysis showed an oxygenation index of 281. Further examination revealed positive anti-nuclear antibodies (ANA, 2152 AU/ml, normal 0∼32 AU/ml) by chemiluminescent immunoassay and positive anti-U1-small nuclear ribonucleic particles (snRNP), anti-Ro60, and anti-Ro52 antibodies by line immunoassay (Table 1). Her electrocardiogram showed a complete right bundle branch conduction block. The echocardiogram showed reduced anterior interventricular wall segmental motion in the left ventricle with an EF of 49%. Chest CT of the chest showed consolidative opacities predominantly in the right basal parenchyma and a small amount of right pleural fluid. Lymphocyte subpopulation testing of the patient’s bronchoalveolar lavage fluid showed that CD3+ T cells accounted for 95.8% of lymphocytes, without evidence of infection. Lung biopsy showed alveolar wall edema suggestive of alveolitis, with a large amount of fibrinous exudate and lymphocytic infiltrate in the alveolar space, with no hyaline membrane formation (Figure 2). No malignant cells were seen in the patient’s bronchoalveolar lavage fluid or lung tissue biopsy.


[image: image]

FIGURE 2
Chest computed tomography and histopathological changes of the lung biopsy in case 2. Chest computed tomography before (A) and after (B) onset of pneumonia. (C) Hematoxylin-eosin staining (×20). (D) Periodic acid-Schiff staining (×10). (E) Hexosamine silver staining (×10). (F) Antacid staining (×10).


The patient was diagnosed with ICI-associated myocarditis (grade 3) and ICI-associated pneumonia (grade 3) based on NCI CTCAE. Intravenous methylprednisolone (200 mg/day) was started on the second day of admission, along with intravenous immunoglobulin (20 g/day) for 3 days. The patient’s chest tightness improved and the oxygenation index increased to 323. On day 4 of admission, the patient was discharged without a repeated CT scan according to her wish.




Discussion

Immune checkpoint inhibitors such as those targeting PD-1, PD-1 ligand 1 (PD-L1), and cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) have been the most significant breakthroughs in cancer immunotherapy in recent years. These ICIs enhance immune surveillance and reduce the immune escape of cancer cells by “releasing the brakes” on the T-cell activation pathway, which may affect multiple organs. The NCI-CTCAE classifies irAEs into five levels, from mild, moderate, severe, life-threatening, to fatal (4). The most common fatal irAEs include myocarditis, pneumonia, encephalitis, and fulminant hepatitis, with a mortality ranging from 0.3 to 1.3% (2). Toripalimab is a relatively new ICI developed in China and was generally well-tolerated in clinical trials in Chinese patients with advanced malignancies. The high-grade irAEs (grade 3 or higher) associated with toripalimab was most common in the hematologic and hepatic system (3). Multisystem irAEs and fatal irAEs, such as myocarditis and pneumonia, caused by toripalimab have been rarely reported. Here we report two Chinese patients with advanced tumors who suffered from fatal multisystem irAEs after receiving toripalimab treatment. To the best of our knowledge, this is the first study describing a patient who concurrently experienced ICI-associated myocarditis and pneumonia, which indicates the significance of early recognition and management of multisystem irAEs due to toripalimab.

Cardiac immune-related events include the development of myocarditis, pericarditis, pericardial effusion, arrhythmias, myocardial infarction, and heart failure. The mechanisms by which ICIs cause myocarditis are unclear. Most of the existing studies have been attributed to the presence of shared antigens between the tumor and myocardium (5). Several studies have confirmed that PD-1 is found in the myocardium of patients with ICI-associated myocarditis with expansion of T cell clones. T cell receptors bind to homologous muscle antigens and tumor antigens, causing damage similar to viral myocarditis (5, 6). Even though ICI-associated myocarditis only seems to account for about 2.4% of all irAEs (5, 7), its mortality rate may reach 50% (8). The first 3 months of receiving ICIs are considered as a high-risk period for developing immune myocarditis (7–9). Mahmood et al. (7) showed that the median time from the first exposure to ICIs to the onset of myocarditis was 34 days. Remarkably, cases of immune myocarditis that received combination immunotherapy occurred even after the first receipt (10). PD-1/PD-L1 inhibitors are more likely to cause myocarditis and pericardial disease than CTLA-4 inhibitors (11). Accordingly, both patients in this study developed myocarditis within the first 3 months of receiving toripalimab, suggesting an extra attention should be paid during the high-risk period after toripalimab treatment. Therefore, informing patients receiving ICIs for the first time is recommended to pay special attention to symptoms such as chest pain and palpitations and to seek prompt medical attention. For patients with a history of ICIs and symptoms such as chest tightness, chest pain, and weakness, clinicians should consider ICIs-cardiomyopathy and perform electrocardiography, cardiac enzymology, and echocardiography.

The initial symptoms of ICI-associated myocarditis are heterogeneous and may include vague manifestations such as discomfort, fatigue, and weakness associated with the primary diseases, which are difficult to distinguish and can be easily overlooked. Almost all patients with myocarditis had elevated troponin and CPK levels, and 89% of cases showed electrocardiographic arrhythmias, including atrial fibrillation, premature ventricular beats, conduction block, and ventricular tachycardia. Cardiac ultrasound was suggested as a baseline assessment tool because about three-fourth of the patients showed abnormal left ventricular EF values after the onset of the disease (12). Enhancement of cardiac MR is an important modality in the available non-invasive diagnosis of myocarditis and 48% of patients with myocarditis may demonstrate late gadolinium enhancement (13). Endomyocardial biopsy is the gold standard for the diagnosis of myocarditis, which is characterized by myocardial infiltrates, including CD4 and CD8-positive T lymphocytes as well as macrophages (14). However, myocardial biopsy has its technical limitations, especially in cases of patchy or focal myocardial infarction-associated myocarditis (15). Furthermore, coronary angiography can help make a differential diagnosis in some cases with myocarditis that mimic coronary artery diseases, as demonstrated in patient 1 in this study. Most patients with clinically advanced tumors refuse to undergo this invasive procedure after a difficult tumor identification and treatment. Enhanced MR is considered an important non-invasive tool for diagnosing myocarditis, but patients prefer to spend their limited treatment costs on anti-tumor drugs due to their high price. In addition, although cardiac MR and endomyocardial biopsy was not performed in these two patients, myocardial abnormalities, such as significantly elevated levels of myocardial enzymes, ventricular dysfunction and arrhythmias, strongly supported the diagnosis of myocarditis.

Shao et al. reported an overall incidence of 4.5% for ICI-associated pneumonia (16). The incidence of severe pneumonia (grade 3 or higher) was reported to be 0.8–1.5% (17). Studies have shown that lung cancer patients treated with PD-1 or PD-L1 inhibitors were more likely to develop pneumonia compared to CTLA-4 inhibitors (2.7 vs. 1%) (17–19). ICI-associated pneumonia mainly includes organizing pneumonia (OP), non-specific interstitial pneumonia, hypersensitivity pneumonia, diffuse alveolar injury, acute interstitial pneumonia, and acute respiratory distress syndrome (20–22). OP was the predominant type of ICI-associated pneumonia, accounting for 77.8% of cases (22). Bronchoalveolar lavage and transbronchial lung biopsy were recommended in patients with ICI-associated pneumonia (14, 23). Based on Naidoo et al. criteria for ICI-associated pneumonia (24), the diagnosis of OP (grade 3) can be made in case 2. In addition, the incidence of thyroid dysfunction due to anti-PD-1 antibody treatment (5–10%) is higher than that after CTLA-4 inhibitors (0–5%) (25–27). Thyroiditis caused by ICIs usually causes transient hyperthyroidism, which often progresses to hypothyroidism. Notably, in this study, the diagnoses of myocarditis, myositis, Hashimoto’s thyroiditis, and skin toxicity were concurrently made in patient 1, and ICI-associated myocarditis and pneumonia was made in patient 2, which indicates multisystem irAEs in both of these two patients.

In a clinical study including 623 patients, 5.8% of patients experienced multisystem irAEs due to ICIs, with the combination of hepatitis-thyroiditis (10%) and dermatitis-pneumonia (10%) being the most common (28). ICI-associated myocarditis was most commonly accompanied by myositis (29%) and hepatitis (21%), followed by thyroiditis (12%) (9). It has been shown that myositis was the second frequent rheumatic and musculoskeletal irAEs (accounting for 36.1%), in which the mortality was 24% for myositis and 56.7% for concurrent myocarditis (29). The mechanism of myocarditis-myositis is unclear. Still, the theory of shared antigens between myocardium, skeletal muscle, and tumors has also been highlighted in the previous studies (6, 29). Importantly, myocarditis with myositis and/or myasthenia gravis overlap syndrome was reported to have a 60% mortality rate and is a hot issue in ICI-associated cardiomyopathy involving multisystem irAEs (30, 31). Therefore, it is reasonable to speculate that patients with multisystem irAEs based on myocarditis could have a higher mortality. Early recognition and diagnosis of multisystem irAEs are pivotal in the management of patients undergoing ICI treatment. Multisystem irAEs based on myocarditis reported previously are summarized in Table 2. Furthermore, to our knowledge, case 2 is the first report of myocarditis-pneumonia caused by toripalimab.


TABLE 2    Case reports regarding multisystem immune-related adverse events (irAEs) based on myocarditis induced by programmed cell death-1 (PD-1) inhibitors.
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Low-grade irAEs respond rapidly to steroid therapy and generally do not result in hospitalization or termination of treatment with ICIs. Permanent discontinuation of ICIs is recommended for patients with severe myositis or myocarditis and myositis-carditis overlap (32). Patients with ICI-associated myocarditis required immediate initiation of intravenous corticosteroid therapy and consideration of escalation to immunoglobulin, cyclophosphamide, rituximab, azathioprine, or methotrexate if patients do not respond well to corticosteroid alone (4, 14). Infliximab is the recommended second-line agent for ICI-associated myocarditis. Both abciximab and tacrolimus have been reported (1, 33), and tofacitinib has recently been reported to have significant efficacy in immune-associated myocarditis (34). Notwithstanding, even based on the above treatment, the mortality rate of myocarditis still reaches 50% (35). Hence, an early recognition and intervention of myocarditis is beneficial to improve the prognosis. Notably, both patients in this study had a positive response to glucocorticoids. Patient 1 experienced a recurrence of symptoms during glucocorticoid tapering, and a positive effect was obtained with the addition of azathioprine. In case 2, the patient also showed improvement after methylprednisolone and immunoglobulin therapy.



Conclusion

In conclusion, we described two Chinese patients with advanced tumors suffering from severe multisystem irAEs based on after receiving toripalimab treatment. Improved awareness and an early identification of multisystem irAEs are of great importance in management of patients undergoing treatment of ICIs.
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Cardiac lipomas are rare primary cardiac tumors that are often only detected incidentally during other examinations. Lipomas of the right atrium are particularly rare. In this report, we describe the case of a patient presenting with a mixed cystic-solid lipoma in the right atrium. The symptoms, imaging findings, and treatment strategies associated with this case are discussed herein. This 65-year-old female patient reported to our hospital due to exertional chest tightness, shortness of breath, and occasional chest pain for over 1 year. She subsequently underwent transthoracic echocardiography and contrast-enhanced ultrasonography, both of which revealed a cystic-solid mass in the right atrium. The transthoracic computed tomography scan showed a dense patchy shadow in the right atrium. The mass was completely excised from the atrial septum, and subsequent histopathological examination confirmed its identity as a lipoma. Surgical resection remains the primary treatment approach for cardiac lipomas, and multimodal imaging is of key importance for the diagnosis and follow-up monitoring of affected patients.

KEYWORDS
contrast-enhanced ultrasonography, transthoracic echocardiography, diagnosis, cardiac lipomas, multimodal imaging


Introduction

Cardiac lipomas are rare primary cardiac tumors, the majority of which are asymptomatic (1). Clinical manifestations in affected patients generally vary as a function of tumor size and location, with some patients experiencing symptoms attributable to the compression of heart chambers by a large tumor volume or the involvement of the myocardium or heart valves that ultimately lead to their presentation for symptom. Transthoracic echocardiography remains the significant imaging approach when diagnosing cardiac tumors. Cardiac lipomas are rare, and largely present as solid, sessile masses with a soft texture and deformable shape that varies with the cardiac cycle upon imaging examination. Here, we describe a rare case report of a cystic-solid lipoma of the right atrium that was pathologically diagnosed as a lipoma following surgical excision. In addition to evaluating two-dimensional transthoracic echocardiography (2D-TTE), contrast-enhanced ultrasound (CEUS) and transthoracic computed tomography (CT), we additional discuss our experiences and associated surgical and pathological findings.



Case report


Medical history and physical examination

A 65-year-old female presented to the hospital with chest tightness and dyspnea that had been present for more than 1 year and were aggravated by exercise, co-occurring with dull, non-radiating chest pain that was relieved following rest for about 20 min. Transthoracic echocardiography conducted in another hospital revealed a space-occupying lesion, leading to her presentation to our hospital for additional treatment. On physical examination, the patient exhibited a heart rate of 76 bpm and a blood pressure of 128/85 mmHg. She had no history of diabetes, hypertension, or coronary heart disease. Specialist examination did not reveal any abnormal uplift in the precordial area nor any abnormalities in the valve areas, although slightly enlarged cardiac dullness was detected. No obvious murmur was heard in each valve area. Electrocardiography results revealed sinus rhythm with low voltage of the limb leads. Routine hematological, biochemical, and thyroid function test results were normal.



Echocardiography examination

Two-dimensional transthoracic echocardiography (2D-TTE, Philips EPIQ CVx-Philips Medical Systems, Andover, MA, USA) revealed mild dilatation of the right atrium, with a predominantly cystic-solid mixed echogenic lesion that was present the right atrium with a rounded shape and a pedicle attached to the right atrium (Figures 1A, B). The atrial septum measured approximately 40 mm × 44 mm proximal to the fossa ovalis on the side of the right atrium, and significant echoic enhancement was observed for the solid portion of this mass (about 30 mm × 15 mm in size). No apparent obstruction or hemodynamic abnormalities were observed in the Valvular orifice (Figure 1C). No obvious abnormalities were apparent upon sonogram-based examination of the inferior vena cava (Figure 1D). Echocardiography confirmed the presence of a right atrial cystic solid mixed echogenic space-occupying lesion of uncertain etiology that was primarily cystic, with significantly enhanced echoic signal in the solid regions.


[image: image]

FIGURE 1
Echocardiography showed a large cystic-solid mixed echogenic lesion in the right atrium. Apical four-chamberview (A) and subxiphoid four-chamber view (B) showed that the mass was attached to the right atrial surface of the atrial septum. Ultrasound findings of tricuspid valve orifice (C) andinferior vena cava (D). M = (intracardiac mass).




Contrast-enhanced ultrasonography

The patient next underwent contrast-enhanced ultrasonography (Philips EPIQ CVx-Philips Medical Systems, Andover, MA, USA). After initiating the intracardiac contrast mode, the depth, gain, and instrument frame rate were adjusted such that the target lesions were clearly visible, after which the mechanical index (MI) was set to 1.0. Then, using SonoVue (Bracco, Italy) as an acoustic contrast agent, 5 mL of 0.9% sodium chloride was mixed with SonoVue microbubbles, and 2.4 mL of this mixture was gradually injected via the patient’s left cubital vein to observe the filling of the cardiac cavity, the lesion site, and myocardial tissue contrast-enhanced performance. The resultant dynamic image was stored for analysis. CEUS results revealed high contrast enhancement in the solid echoic mass in the center of the right atrial tumor, while no contrast enhancement was evident in the surrounding anechoic area (Figure 2). No abnormal contrast enhancement was observed in the other cardiac chambers or the myocardium. Accordingly, this right atrial cystic-solid mixed space-occupying lesion was tentatively diagnosed as a potential cardiac teratoma.
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FIGURE 2
The RA mass was seen on contrast enhancement ultrasound (CEUS). (A–D) CEUS results showed that in different cardiac cycles, which the solid echo mass in the right atrium tumor revealed high contrast enhancement, and no contrast enhancement is evident in the surrounding anechoic area. M = (intracardiac mass).




Transthoracic computed tomography

The patient subsequently underwent chest CT examination, which showed low levels of inflammation in the middle lobe of the right lung, the lower lingual segment of the upper lobe of the left lung, and the lower lobes of both lungs (Figure 3A). In addition, the chest CT scan also exhibited a dense patchy shadow in the right atrium (about 26 mm × 14 mm in size) (Figure 3B). When measuring the lesion area in Hounsfield Units (HU), it exhibited a density of 394.6 HU, which was significantly higher than the density of normal fatty tissue. Although further conclusions regarding the etiology of this tumor could not be drawn based on these findings.
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FIGURE 3
Axial view of chest computed tomography. (A) Chest CT showed low levels of inflammation in both lungs (red arrow). (B) Chest CT also showed a dense patchy shadow in the RA (yellow arrow).




Surgical and pathological findings

After the above examinations had been completed, the patient underwent elective right atrial tumor resection. Intraoperative examination revealed moderate cardiac enlargement, and a spherical mass with a size of about 3.0 cm × 4.0 cm could be seen in the right atrium, the tumor was connected to the right atrial side of the right atrial septum under the oval fossa with a small tumor pedicle (Figures 4A, B). Subsequent dissection thereof resulted in the outflow of a large volume of dark red liquid, after which a solid yellow-white tumor with a rough texture was observed attached to one side of the cyst wall (Figures 4C, D). Postoperative pathological examination via light microscopy revealed large sheets of mature adipocytes interspersed between the myocardium, leading to the diagnosis of a cardiac lipoma (Figures 4E, F).
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FIGURE 4
Surgical and pathological results. The tumor was spherical mass (A) and that was connected to the right atrial side of the right atrial septum under the oval fossa with a small tumor pedicle (B). (C) The ex vivo tumor was black spherical. (D) It can be observed that the yellowish white solid tumor with rough texture is attached to one side of the cyst wall after dissecting the tumor. (E,F) Stained with hematoxylin and eosin (H&E) at 10 magnification: the tumor comprised mature adipocytes with entrapped myocardial cells.




Follow-up

Seven days after tumor excision, TTE revealed a normal chamber size and appropriate wall motion, with only limited levels of physiologic regurgitation of the tricuspid valve, and a left ventricular ejection fraction of 60%.




Discussion

Cardiac lipomas are rare, comprising just 2.4% of all benign cardiac tumors (2). These masses are histologically similar to lipomas detected in other parts of the body, and originate from the mesoderm. Roughly 50, 25, and 25% of cardiac lipomas are of subendocardial, subepicardial, and myocardial origin, respectively (3). As most patients harboring cardiac lipomas do not experience any symptoms, these masses are often only detected incidentally (4). When patients do experience symptoms, they are directly associated with tumor size and location, with myocardial tumors impacting the cardiac conduction system, potentially causing intractable arrhythmias. In contrast, myocardial involvement can lead to conduction disturbances and other forms of arrhythmia including premature beats or atrial fibrillation. When large tumors are present within the heart cavities, this can result in abnormal cardiac hemodynamics, while heart valve involvement can result in valvular insufficiency or stenosis and associated clinical symptoms.

Transthoracic echocardiography (TTE) can provide detailed insight regarding the size, shape, location, activity, and secondary hemodynamic changes associated with a given tumor (5). As TTE is non-invasive, repeatable, and does not expose patients to any radiation, it is the imaging modality of choice. CEUS can offer insight regarding tumor vascularity. Cardiac lipomas generally contain relatively few blood vessels, while extensive vascularization may be indicative of malignancy. Surgical resection is the primary approach used to treat cardiac lipomas.

Literature reports suggest that cardiac lipomas are generally round, homogeneous masses with an internal echoic signal and performance that is associated with their localization (6). Intracardiac lipomas are generally hyperechoic and may have capsules, whereas pericardial lipomas are often poorly-defined hypoechoic masses with morphological characteristics that vary with the cardiac cycle. TTE can enable the further establishment of tumor location and the involvement of valves and surrounding tissue structures, while CEUS largely reveals limited contrast agent perfusion (4). The ultrasonographic findings observed in the present case are distinct from those reported previously in cases of cardiac lipoma. In this patient, TTE revealed a round cystic-solid space-occupying lesion with a clear boundary that did not deform with the cardiac cycle. Contrast echocardiography of the left heart further exhibited the presence of a cystic-solid mixed heterogeneous space-occupying lesion in the right atrium, with a solid echoic mass within the lesion exhibiting contrast agent hyperperfusion whereas no contrast agent perfusion was evident in the surrounding anechoic area. These imaging results are likely to result in the preliminary misdiagnosis of this mass as a cardiac teratoma.

The confluence of several factors led to the initial misdiagnosis of the present case, and it is important that these factors be reviewed to guide the evaluation of patients exhibiting similar clinical manifestations. Firstly, this case exhibited 2D-TTE findings distinct from those typically associated with cardiac lipoma cases, as prior literature reports suggest that cardiac lipomas often appear as solid hyperechoic masses with an uneven signal and a clear boundary that deforms with the cardiac cycle (4). In this case, however, we observed a mixed cystic-solid mass that did not deform with the cardiac cycle. We are not aware of any similar reports in the relevant literature, which is summarized in Table 1 (2, 4, 7–10). Secondly, common cardiac lipomas generally exhibit low levels of contrast enhancement upon CEUS examination. In this case, however, CEUS revealed high levels of contrast enhancement in the solid region of this mass together with an absence of any contrast enhancement in the anechoic region. Thirdly, cardiac teratomas are a relatively rare form of cardiac tumor and are more common in pediatric patients (11, 12), comprising ∼1% of all cardiac tumors in adults. Cardiac teratomas may present as polycystic mixed echoic masses, with some cysts being filled with hyperechoic components including fat or bone. Reported ultrasonographic findings associated with cardiac teratomas are similar to those observed in the present case, accounting for the initial misdiagnosis of this patient. However, pathological examination was ultimately able to provide a more accurate definitive diagnosis in this case.


TABLE 1    Literature review of cardiac lipoma case reports.

[image: Table 1]

It is important to differentiate between cardiac lipomas, such as those observed in the present case, and several other diseases. Cardiac liposarcomas are extremely rare and account for only ∼1% of all primary cardiac malignancies (13–16). Affected patients may experience symptoms including chest pain, tightness, and difficulty breathing at an earlier time point, and they frequently present with tumors that have already undergone distant metastasis. 2D-TTE examination of cardiac liposarcomas generally reveals an irregularly shaped heterogeneous hyperechoic mass, with larger tumors potentially harboring necrotic regions. On CEUS examination, cardiac liposarcomas typically exhibit heterogeneous regions of high enhancement, with no enhancement in necrotic areas. Well-differentiated liposarcomas are often indistinguishable from cardiac lipomas on 2D-TTE examination, leading to the potential for misdiagnosis such that only pathological examination can facilitate accurate identification. Cardiac metastases, which most frequently arise from primary tumors of the liver (17), may also exhibit a presentation similar to that of cardiac lipomas. The most frequently involved areas include the right heart and pericardium. These metastases are typically irregularly shaped, with a wide base, little activity, heterogeneous echoic signal, and evidence of refractory pericardial effusion. CEUS examination may reveal internal inhomogeneous hyperenhancement and hypervascular masses. Cardiac myxomas are lobulated structures with low-to-moderate echoic signal and low contrast enhancement on CEUS examination that usually occur at the fossa ovalis of the interatrial septum. Cardiac lymphomas are primarily hypoechoic or slightly hyperechoic, with unclear borders, uneven echoic signal, lower levels of liquefaction and calcification, and an irregular “cauliflower-like” shape (18). Varying degrees of secondary pericardial effusion may be evident in cases of pericardial involvement. When this disease is more advanced, adjacent tissues and blood vessels are frequently affected. CEUS examination generally exhibits high levels of contrast enhancement. Atrial thrombus formation may also mimic some of the characteristics of cardiac lipomas, primarily occurring in patients with a history of rheumatic heart disease, atrial fibrillation, or venous thrombosis. Echocardiography reveals an irregularly shaped mass with a wide base and an inhomogeneous echoic signal that does not oscillate with the cardiac cycle. CEUS examination of atrial thrombi generally fails to reveal any contrast medium perfusion, and fresh thrombi can form with limited contrast medium perfusion.



Conclusion

While some cardiac tumors are associated with obvious or distinctive ultrasonographic findings, others do not exhibit these obvious features such that they may be more difficult to identify or diagnose. As cardiac lipomas generally have an insidious onset, their diagnosis is largely reliant on imaging examinations. Echocardiography is of particular value when diagnosing cardiac masses, and left cardiac contrast echocardiography is particularly advantageous as a means of distinguishing between benign and malignant tumors. Contrast echocardiography is a safe and sensitive approach that can offer insight regarding the blood supply of a given lesion, thus supporting differential diagnosis efforts. In summary, the present case emphasizes the importance of considering clinical manifestations, laboratory test results, and multimodal imaging findings when diagnosing patients with cardiac lipomas or other cardiac tumors.
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A 66 years old male was admitted to our hospital after a serious car accident. The patient presented with severe shock after admission. After the examination, the patient was diagnosed with hemopneumothorax and myocardial contusion, accompanied by spleen rupture. After emergency surgery and a series of symptomatic treatments, the patient’s condition gradually stabilized. One week later, the patient suddenly presented with severe shock. Massive hemothorax was found on the left side of the chest. Surgical exploration revealed cardiac rupture and accidental absence of congenital pericardium. According to the literature review, congenital absence of pericardium (CAP) is relatively rare. Although there are certain imaging features, the clinical diagnosis is very difficult. However, this patient did not show the characteristics in the literature and had some other atypical features. The role of CAP in the occurrence and development of the patient’s heart injury and rupture is worthy of discussion. What we learned from this case is that we should look for potential risks in the telltale signs of a patient’s condition.
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Introduction

Congenital absence of pericardium (CAP) (see Figure 1) is rare in clinical practice (1). It includes complete and partial pericardial absence, and left pericardial absence is common. The absence of pericardium often lacks typical imaging manifestations and clinical signs, and some patients may present with shortness of breath, chest pain, dizziness, and other discomfort. Some patients may die suddenly of unknown causes, and some patients may be accidentally diagnosed during surgeries (2).
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FIGURE 1
Intraoperative observations: right side decubitus position; left heart exposed; left side posterior wall rupture has been sutured; there is still continuous bleeding.


Chest trauma is the third most common cause of trauma. Chest trauma has a high morbidity and mortality, associated with 25% of trauma-related deaths (3). The incidence of cardiac contusion in blunt chest trauma ranges from 3 to 56% (4). Blunt cardiac rupture is a very rare condition with a high mortality rate, and the incidence of blunt cardiac rupture is 1/2,400 in the United States (5). Delayed blunt cardiac rupture is less common clinically.

Congenital absence of pericardium was incidentally discovered in the treatment of a patient with delayed blunt cardiac rupture.



Case presentation

A 66 years old male was admitted to the hospital due to a rear-end crash, in which case, the patient in the back seat was squeezed in the chest by the front seat. The patient complained of multiple body pain with chest tightness and shortness of breath. He had no previous history of coronary heart disease, angina pectoris or myocardial infarction. The patient developed severe shock in the emergency room with a blood pressure of 78/40 mmHg. The electrocardiogram (ECG) indicated a high wall myocardial infarction (see Figure 2). The troponin was 8.434 μg/L (see Figure 3). Computed tomography (CT) indicated “multiple rib fracture on the left side, hydropneumothorax on the left side, no obvious abnormality in the skull and abdomen”(see Figures 4, 5). Closed thoracic drainage was given. The drainage volume was reduced and stabilized after drainage of 1,300 ml bloody fluid. Resuscitation with adequate fluids and high doses of vasoactive drugs, however, is not effective. Bedside ultrasonography indicated a large amount of ascites, and the abdominocentesis got blood that doesn’t clot. Emergency laparotomy revealed splenic rupture and contusion of pancreatic tail, and splenectomy was performed. After symptomatic treatment, the circulation was gradually stabilized. One week later, the thoracic drainage volume was 40 ml for 2 consecutive days, and the thoracic drainage tube was removed. The next day, however, the patient was suddenly agitated and sweating profuse, followed by no response and weak pulsation of the aorta. Resuscitation was initiated Immediately, meanwhile, bedside ultrasound showed a large pleural effusion on the left side. Closed thoracic drainage was performed to drain a large amount of blood continuously, and exploratory thoracotomy was performed in emergency. Intraoperative exploration revealed massive hematocele and blood clots in the thoracic cavity. After the removal of the hematocele and clots, the left heart was bare and the pericardium was absent (see Figure 1). We found widespread contusion on the lateral posterior wall of the left ventricle with a 5mm laceration where was sustained bleeding. The bleeding was stopped by pressing, and the blood pressure was controlled before suture and repair. Severe and extensive contusion and necrosis of myocardial tissue resulted in failure of repair and death. The figure below shows a timeline of the patient’s medical history (see Figure 6).
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FIGURE 2
(A) Sinus rhythm, abnormal Q-wave and ST-segment elevation on I and aVL, suggesting acute high lateral myocardial infarction. (B) Sinus rhythm, abnormal Q-waves on I and aVL, suggesting high lateral myocardial infarction. (C) Sinus rhythm, no obvious abnormality on I and aVL. (D) Sinus tachycardia, ST-segment depression on I and aVL, suggesting increased myocardial ischemia. Analyses the ECG results, 1 day before cardiac rupture, QRS voltage on I and aVL was significantly lower.
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FIGURE 3
Time courses of troponin (cTn) and myoglobin (Myo).
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FIGURE 4
Computed tomography (CT) images in different window settings: As the blue arrow shows, there is no obvious pericardial structure in the left area of pulmonary artery, which is closely related to lung tissue and has irregular edge; as the red arrow shows, there is an abnormal notch near the pulmonary artery, which is rare when the pericardium is intact.
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FIGURE 5
Abdominal CT: the blue arrow shows intrathoracic drain; the red arrow shows that there appears to be exudate around the spleen; the splenic hilum appears to be intact.
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FIGURE 6
Timeline.




Discussion

Congenital absence of pericardium is often difficult to diagnose, and it has no specific symptoms and signs, so it is often ignored. CAP has certain imaging diagnostic features (6, 7): (1) pulmonary parenchyma between the main pulmonary artery and the ascending aorta; (2) pulmonary parenchyma between the base of the heart and the left diaphragmatic muscle; (3) pulmonary parenchyma between the ascending main aorta and the right pulmonary artery; (4) “SNOOPY” sign on chest radiograph. Even so, it is still very difficult to clinically diagnose CAP. Sergio et al. (6), reviewed the imaging examinations of 12,888 patients and found only 1 case with partial pericardial defect (left heart) with conditions (1) and (2), and 10 cases with false positive results. Reviewing the radiographic findings of this patient after the injury, we did find some evidence of CAP (see Figure 4), but did not find any obvious radiographic features in accordance with the literature.

Computed tomography and magnetic resonance imaging (MRI) are the gold standard for the diagnosis of CAP (7), but it is still difficult to make a diagnosis in the absence of symptoms and experience, so that in many cases the diagnosis is made during surgeries. In this case, CAP was missed by CT. Due to severe lung contusion, the patient was dependent on ventilator support. We didn’t have the opportunity to perform MRI or any other examinations.

The pericardium supports and protects the heart, limiting its expansion, cushioning the impact of violent heart injury, mitigating the injury, and preventing the heart from rapidly rupturing when pressure rises.

Due to the lack of pericardial protection, after a violent injury to the chest, the myocardium may suffer more severe contusion under the compression of the front and rear chest wall structures. Shah et al. (8), suggested that cardiac injury should be highly suspected in any patient with blunt chest trauma and multiple injuries, and that baseline chest radiographs, ECG, and cardiac enzyme measurements should be part of the routine evaluation of these patients to rule out cardiac injury, and echocardiography should be performed if clinically necessary. The imaging manifestations of blunt myocardial contusion are atypical, and the electrocardiographic findings are sometimes indistinguishable from myocardial infarction. In this patient, the early ECG showed a high lateral wall myocardial infarction and his myocardial enzymes increased significantly. Excluding the history of coronary heart disease and myocardial infarction, the diagnosis of cardiac contusion was relatively accurate in combination with the mechanism of injury and the extensive hemothorax and multiple rib fractures. But it was hard to diagnose an acute heart rupture. In the presence of the pericardium, cardiac rupture may be accompanied by pericardium tamponade. Most patients died at the scene or in the early stages of rescue. In the blunt injury, simultaneous rupture of the heart and pericardium is rare. Coincidentally, this patient happened to have no pericardium. A heart rupture at the time of the injury can be very difficult to determine. The small rupture in the heart may have closed during the patient’s hypotension. Even if that was what really happened, we could not diagnose acute cardiac rupture due to the lack of effective early evaluation methods. Moreover, due to the complexity of the condition, no further evaluation was performed in the case of no significant change in treatment strategy. Meanwhile, combined with the Flotrac/Vigileo system, the patient’s cardiac function was relatively stable 1 week after the injury. As the patient’s condition improved, the cardiac preload and afterload increased. But the damaged myocardium gradually dissolved. The ventricular wall became weak. The patients’ intolerance to endotracheal intubation and airway response to stimulation such as sputum aspiration after recovery will lead to fluctuations in blood pressure, which increased the burden on the left heart imperceptibly. Without the restriction and protection of the pericardium, the blunt heart was more likely to rupture. During the final cardiac surgery, we found extensive bruising of the myocardium surrounding the rupture. This suggests that the heart rupture may be secondary to myocardial contusion. Unfortunately, we did not have the opportunity to conduct autopsy or pathological examination after the operation.

The patient’s condition changed suddenly, progressed rapidly, and the clinical diagnosis was not clear. Generally, patients with heart rupture often die of tamponade at an early stage. Due to the absence of the pericardium, the patient showed symptoms of heart failure and shock during the process of heart rupture. After a large amount of transfusion and fluid rehydration, there was still a chance to perform thoracotomy exploration, which to a certain extent created a rescue opportunity for clinicians.

Our early assessment for cardiac contusion was flawed in this patient. Evaluation by echocardiography was necessary. We can evaluate the motion of the ventricular wall and observe the pericardial effusion. By chance, maybe, we could find the CAP. Unfortunately, the emergency room and intensive care unit were not equipped to perform echocardiography.

The patient still showed signs of the onset of a ruptured heart. ECG changes before and after the onset still had a certain suggestive effect (see Figure 2). The patient’s I lead and aVL leads showed significant amplitude changes the day before the onset of the disease. Dynamic comparison of ECG changes could enable us to warn of the potential risk of heart rupture in advance and make adequate clinical response measures.



Conclusion


1.The clinical diagnosis of CAP is very difficult. Routine imaging examinations sometimes lack specificity. Therefore, the diagnosis should be made with the help of clinical experience and targeted tests.

2.Without the protective effect of the pericardium, the heart is more vulnerable to injury and more likely to cause serious adverse events in both complete and partial pericardial absence during chest trauma.

3.In the treatment of patients with chest trauma, the presence of cardiac contusion should be vigilant. For patients with severe cardiac contusion, there is still a risk of delayed rupture even in about 1 week after injury. Therefore, it is necessary to systematically evaluate the severity of cardiac contusion.

4.In the rescue stage of patients with severe chest trauma, we can use ECG, echocardiography, chest CT and laboratory tests to evaluate cardiopulmonary injuries. For patients with cardiac contusion, it is still necessary to regularly evaluate with the help of various methods in the subsequent treatment. Such as MRI, coronary angiography, etc.

5.We should observe the change process of auxiliary examination dynamically, especially the change of some indexes closely related to injury.
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Background: A global outbreak of the human monkeypox virus (HMPXV), first identified in May 2022, was declared a health emergency of international concern on 23 July 2022. Before the global outbreak, monkeypox cases were mostly confined to central and west African countries, where this virus is prevalent. Close contact, mainly sexual contact, is supposed to be the main route of transmission, and it is remarkable that the incidence is higher in men who have sexual relationships with other men.

Case summary: A 40-year-old Caucasian man arrived at the emergency department complaining of oppressive epigastric pain extending to the chest after a diagnosis of pharyngitis, which was suspected to be caused by the human monkeypox virus. Based on the clinical symptoms, physical examination, serum cardiac biomarkers, and electrocardiographic findings, he was diagnosed with myopericarditis. The real-time PCR for human monkeypox in skin lesions, urine, plasma, and the oropharyngeal swab was positive. The peak of troponin I was 20.6 ng/ml, and the electrocardiogram showed an upward concavity in the ST segment in diffuse leads, which was in agreement with the previous diagnosis. The presence of edema, subepicardial, and myocardial late gadolinium enhancement, and increased values on T1 mapping in the cardiac MRI were in agreement with the diagnosis of myopericarditis. Antiviral treatment with tecovirimat was started with excellent tolerability. After 6 days, the patient recovered and was discharged.

Discussion: To our knowledge, this is one of the first reported cases of myopericarditis due to human monkeypox infection, which was confirmed by a cardiac MRI following modified Lake Louise criteria. The short span between the onset of the mucocutaneous symptoms and the myocardial damage suggests a pathogenic association. Furthermore, the active viral replication in plasma samples and the negative results on real-time PCR for other viruses support this clinical association.

KEYWORDS
 myocarditis, pericarditis, tecovirimat, monkeypox, Lake Louise criteria, plasma


Introduction

Before April 2022, human monkeypox virus (HMPXV) infection had mostly been reported in Africa, where it was an endemic disease. The World Health Organization declared the HMPXV outbreak a public health emergency of international concern (PHEIC) on 23 July 2022. Currently, numerous cases occur worldwide after close or sexual contact, which is supposed to be the main transmission route. Skin lesions are detected in 95% of the affected people, influencing the anogenital area the most, followed by the arms and trunk in 50% of the cases. Mucosal lesions are reported in 41% of the cases. To date, gay or bisexual men are the most affected population group, suggesting the amplification of the spreading of the disease in sexual networks (1, 2).

Of the 528 cases worldwide, complications associated with HMPXV infection have been reported: one case of epiglottitis and two cases of myocarditis. Only 5% received specific treatment for HMPXV: tecovirimat (2%), cidofovir (2%), and vaccinia immune globulin (<1%) (1).

In this study, we report a case of myopericarditis after pharyngitis caused by an HMPXV infection, followed by the onset of atypical skin lesions. Without the requirement for vasoactive pharmaceutical treatment, a benign clinical course was observed. Nevertheless, tecovirimat was administered during hospitalization for heart damage, demonstrating its safety and a complete resolution of symptoms. In conclusion, despite the need for further research, this antiviral treatment is increasingly recommended for use in this clinical setting of heart damage.



Case report

We present the case of a 40-year-old Caucasian man who sought emergency medical attention on 26 August 2022 due to odynophagia, a swollen right submandibular lymph node, cervical pain, and a fever of up to 38°C. He reported having had high-risk sexual contact (exclusively oral intercourse) 2 weeks before the onset of the symptoms. His male partner was diagnosed with genital HMPXV 5 days later with a positive real-time PCR for orthopoxvirus. Until that moment, our patient was asymptomatic. He had previously been diagnosed with human papillomavirus condyloma, for which he had been treated with cryotherapy and imiquimod. There were no known drug allergies. The patient lived in a suburban area of Madrid with his mother and no animals. He had never been vaccinated for smallpox. Informed consent was given prior to writing and publishing this case report.

The physical exam revealed swollen tonsils and uvula. Multiple coalescing ulcerations covered the right tonsil with a necrotic base and confluent lesions, which showed a necrotic center and white margins (Figure 1A). No anogenital or skin lesions were present at this initial visit. During his stay at the hospital, a small number of millimetric umbilicated pustules with an erythematous base on the trunk and the proximal region of the limbs also appeared (Figure 1B).


[image: Figure 1]
FIGURE 1
 Skin lesions (A, B), chest x-ray (C) at admission and electrocardiogram at admission (D). At admission, the electrocardiogram revealed sinus rhythm with diffuse ST elevation with upward concavity in leads (I, II, III, AVF, V4, V5, and V6) and diffuse depressed PR segment.


With verbal consent, swabs from nasopharyngeal, rectal, and urine samples were taken by the Dermatology Department at the Emergency Room (ER). Given that the patient did not present alarming signs, he was prescribed amoxicillin and anti-inflammatory drugs (ibuprofen) and was discharged.

Two hours later, he suddenly woke up at home, in his bed, due to an oppressive epigastric pain extending to the chest. The pain lasted approximately one and a half hours and prompted his return to the ER. At the time of admission, the temperature was 36.3°; blood pressure, 102/70 mm Hg; heart rate, 75 beats per minute; and basal oxygen saturation, 95%. There were no heart murmurs in the cardiac auscultation. No signs of edema were observed.

The chest x-ray revealed no significant findings (Figure 1C). The electrocardiogram (ECG) on arrival showed a diffuse ST elevation with an upward concavity in leads (I, II, AVL, V4, V5, and V6), a negative T wave in III, and a diffusely depressed PR segment (Figure 1D). The initial troponin I determination was 9.7 ng/ml (Architect Abbot), and the C-reactive protein level was 10.5 mg/L (normal value < 5 mg/L). The transthoracic echocardiogram revealed a preserved left ventricular ejection fraction. No regional wall abnormalities, no significant valve diseases, and no pericardial effusion was observed (Supplementary Video 1).

The patient was later admitted to the coronary care unit; he remained asymptomatic and hemodynamically stable. Chest pain was controlled with intravenous anti-inflammatory drugs (50 mg of dexketoprofen every 8 h) and 0.5 mg of colchicine every 12 h. No more drugs were administered. Forty-eight hours later, the HMPXV infection was confirmed by the Microbiology Department at our hospital. Samples sent for testing included urine and plasma; swabs were taken from a suspected skin lesion, and rectal and pharyngeal samples were collected. A microbiological diagnosis was made by real-time PCR (3). In addition, he was screened for sexually transmitted infections (STIs), including Chlamydia trachomatis and Neisseria gonorrhoeae, in a pharyngeal swab, a rectal swab, and a first-void urine sample, as well as HBV, HIV, HCV, and syphilis serology, which came back negative.

During admission to the coronary care unit, the Infectious Diseases team monitored the patient, and other potential causes of acute myopericarditis were discarded. Differential diagnoses included viral and bacterial infections, non-infectious causes such as drug abuse, hypersensitivity reactions, and systemic disorders.

Cardiac Magnetic Resonance (CMR) performed on day 6 showed a preserved left ejection fraction (56%) with no regional wall abnormalities. An increased myocardial and pericardial signal intensity on the T2 STIR sequence was suggestive of edema (Figure 2A). On the T1 mapping, an average native T1 of 1,160 ms was observed, and on the T2 mapping, an average T2 of 60 ms was observed. In addition, the quantitative assessment of the cardiac ECV (extracellular volume) was 35%. The T1 and T2 mapping values were measured on a 1.5 Tesla MR Philips machine within a single breath-hold using a modified Look-Locker with inversion recovery (MOLLI) and gradient and spin echo (Gra-SE) sequences, respectively. Normal native myocardial T1 values lie between 1,025 and 1,075 ms, whereas T2 values lie between 50 and 57 ms (internally validated). A color-coded image of T2 mapping (Figure 2B), native T1 (Figure 2C), and enhanced T1 mapping (Figure 2D) were also performed. Late gadolinium enhancement (LGE) images, obtained by using a balanced fast field echo (FFE) sequence, showed subepicardial and mesocardial enhancement of the myocardium and mild signs of pericarditis, which were considered consistent with acute myopericarditis (Figures 3A–D). The patient met all modified Lake Louise criteria for myocarditis: T2 criteria (myocardial edema shown on a T2 STIR sequence and T2 mapping) and T1 criteria (non-ischemic myocardial injury shown on an LGE sequence and T1 mapping). Signs of mild pericarditis were also exhibited.
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FIGURE 2
 CMR images: the balanced FFE (fast field echo) sequences acquired along the short axis (A, B) and two chamber (C) and four chamber (D) views demonstrate myocardial late gadolinium enhancement with epicardial predominance in the lateral and inferior wall and mesocardial predominance in the septum and anterior wall (view arrows).



[image: Figure 3]
FIGURE 3
 CMR images: (A) T2 STIR sequence: a high ratio (> 2) is seen in the intensity between the myocardium and the skeletal muscle compatible with a generalized edema. Color-coded image of T2 mapping in LV mid-chamber. The arrow marks an increased T2 value (T2 = 60 ms) in the lateral and inferolateral wall. (B) Color-coded image of T2 mapping in LV mid-chamber. The arrow marks an increased T2 value (T2 = 60 ms) in the lateral and inferolateral wall. (C, D) T1 mapping and T1 enhanced mapping, respectively. In T1 mapping, extensive area of increased T1 value (view pink and orange areas) in lateral and inferolateral walls. On quantitative analysis, values on the native T1 map were 1,160 ms (normal value 1,025–1,075 ms). In T1 enhanced mapping, these areas area correlated with increased extracellular volume (ECV).


According to the CMR results, the myocardial injury and inflammatory markers, as well as the remarkable electrocardiographic findings, supported the diagnosis of acute myopericarditis. Moreover, the temporary association with an active HMPXV infection and ruling out other possibilities of causes of myopericarditis suggested a myopericarditis associated with an orthopoxvirus infection. Therefore, a myocardial biopsy or coronariography was not required.

As potential HMPXV infection complications (systemic involvement and myocardial damage) occurred in this patient, requiring hospitalization, tecovirimat was requested from a drug agency. Following the Infectious Diseases Department's instructions, the treatment started 48 h after admission: 600 mg of oral Tecovirimat every 12 h for 14 days. No adverse events were reported. During his stay at the hospital, the previous electrocardiographic findings became normal (Figure 4A), whereas the oropharyngeal lesions increased in size and coalesced into large ulcerations located on both tonsils and the uvula (Figures 4B, C).


[image: Figure 4]
FIGURE 4
 (A) Enlargement and coalescence of oral ulcerations on the tonsils and uvula 48 and 96 h after the diagnosis, respectively (B). (C) Electrocardiogram at discharge: Sinus rhythm without significant findings.


After the resolution of the symptoms and the improvement in the inflammatory response and the myocardial injury markers (Table 1), the patient was discharged with close monitoring and follow up by both the Cardiology, Infectious Diseases, and Dermatology departments. The patient's last visit was on 5 October and he had completely recovered. Transthoracic echocardiogram and pharyngeal examination were normal without swollen submandibular adenopathy, and he remained asymptomatic. Pharyngeal samples for HMPXV tested positive on 5 September and 12 September and finally negative on 20 September. A new CMR will be performed 6 months after the episode, approximately on 20 March 2023.


TABLE 1 Trajectory of biomarkers.
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Discussion

We present a case of myopericarditis associated with HMPXV infection treated with tecovirimat. Notably, four cases have been previously published, and only one of them was also treated with antiviral therapy (1, 2, 4–6).

This case reveals four aspects worth highlighting: an atypical clinical presentation, the frequent positive samples for HMPXV from different locations, a well-documented myopericarditis as an unusual complication, and the use of tecovirimat with a good clinical course.

The clinical signs of the HMPXV are frequently reported as cutaneous or genital lesions (1, 2). We observed some differences: pharyngeal involvement with large lymphadenopathy was a prominent initial finding, followed by myopericarditis prior to the rare atypical rash with minute pustular lesions.

The detection of HMPXV DNA in a pharyngeal swab sheds light on the transmission mechanisms of the infection, and the positive HMPXV DNA in plasma samples deserves special consideration since it can explain the systemic findings and myocardial involvement.

In this case, the diagnosis of myopericarditis was confirmed by cardiac magnetic resonance following modified Lake Louise criteria. Even though the temporal association does not prove causality, the short span between the onset of the mucocutaneous symptoms and the myocardial damage suggests a pathogenic association. Furthermore, the negative results with real-time PCR regarding other viruses commonly related to myocarditis and oral lesions support this clinical association. As previously mentioned, active viral replication in plasma samples was shown. This strengthens the systemic viral presence and possible heart damage (7, 8). This report highlights myopericarditis as a potential complication of monkeypox and aims to raise clinicians' awareness.

The clinical course of the HMPXV infection has been uniformly benign in most patients (1, 2). An antiviral treatment, tecovirimat, prevents the dissemination of the HMPXV in the host by inhibiting the activity of the orthopoxvirus VP37 envelope-wrapping protein, thereby preventing the formation of competent enveloped virions and virus particles from exiting human cells (9).

Tecovirimat has been recently approved (January 2022) for treating systemic symptoms of the monkeypox infection and is the sole treatment approved by the EMA to date. It may be indicated in severe forms of the disease (myocarditis, encephalitis, and other conditions needing hospital admission), immunocompromised patients, or patients presenting with mucocutaneous lesions with an atypical location and poor pain control (10–12).

Moreover, although we do not have conclusive evidence on the use of tecovirimat for monkeypox-related myopericarditis, it appears to be safe, as it led to clinical recovery (13, 14).



Limitations

There is a lack of evidence regarding the pathophysiology, mechanisms, and efficacy of available antiviral treatments in HMPXV myopericarditis. These data are still emerging.

According to the available clinical evidence of myopericarditis due to other viral agents, the two most plausible mechanisms by which HMPXV can lead to myocarditis are direct damage to cardiomyocytes due to active replication of orthopoxvirus or muscle damage secondary to the autoimmune mechanism by molecular mimicry with viral proteins.

Similarly, previous vaccine studies against smallpox described myopericarditis cases as rare complications after vaccination (15–17). Mechanisms proposed to explain vaccine-related myopericarditis were damage that are directly attributable to the virus as the smallpox vaccine is a live-attenuated virus or an immune-mediated injury vaccine due to immune activation with peaks on days 8–9 (18–20).

The diagnosis of myopericarditis is challenging, but based on the clinical features of fever, chest pain, diffuse upward concave ST elevation, elevated inflammatory markers, the findings in the CMR, and positive orthopoxvirus DNA on a plasma sample, the first mechanism is more plausible.

Pathological confirmation of myopericarditis due to monkeypox with cardiac biopsy probably would have contributed to clarifying the diagnosis, but due to its inherent risks and lack of benefit in this patient, it was not pursued.



Conclusions

Here, we present a case of mild myopericarditis with a favorable clinical course, which is consistent with previous reports. Based on our experience, tecovirimat may be beneficial in this setting; however, further research is needed in this field.



Patients perspective

Since his clinical admission, the patient has been involved in all clinical decisions concerning him and is in agreement with all therapeutic methods and different alternatives. He has always been grateful for the treatment he received and was happy to be at the disposal of every scientific contribution.

On 9 September 2022, a reexamination was carried out on the patient's progress and clinical response to tecovirimat. A complete remission of the oral ulcers was observed. The submandibular right lymph node had also been progressively diminishing in size since the third day of starting the treatment with tecovirimat. The health status was excellent; thus, the treatment with tecovirimat was continued for 14 days. We observed no adverse or unanticipated events.
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Introduction: Physiological heart adaptations may lead to increased susceptibility to arrhythmia in athletes. Furthermore, vigorous training and method like rapid weight loss (RWL) in combat sports could pose additional risks. This case represents how routine cardiovascular screening during high-risk methods like RWL and high-intensity training (HIT) reveal abrupt ventricular arrhythmias in a young athlete.

Case report: We report a case of a 20-year-old male wrestler athlete who developed disrupting arrhythmia during RWL and HIT. The study included: a medical exam, 12 lead electrocardiograms (ECG), transthoracic echocardiogram (ECHO), and 24 h of continuous ECG monitoring in baseline, phase one (P1), (in which the athlete had to simulate RWL through vigorous training and dietary intervention and HIT) and phase two (P2), (with the same HIT protocol performed without the RWL procedure). Baseline laboratory analyses were without abnormalities, ECG showed sinus rhythm with one premature atrial contraction (PAC) and ECHO showed signs of concentric remodeling with preserved systolic, diastolic function, and global longitudinal strain. After P1 RWL simulation, he lost 5.15% of body weight in 3 days, which resulted in lower blood glucose levels, higher urea, creatinine, creatine kinase (CK), CK-MB levels, and slightly increased levels of NT pro-BNP, ECG revealed sinus rhythm with one ventricular premature beat (VPB), 24-h continuous electrocardiogram (ECG) revealed frequent ventricular premature beats (PVB) 2,150/ 24 h, with two couplets, and 8 PAC. After an advised 4-week period of de-training continuous 24 h, ECG monitoring was improved with only occasional PVB. The 24 h continuous ECG monitoring was repeated after HIT and revealed even more frequent PVB, 5% of all beats for 24 h, 4,205 in total, and almost all VPB were in bigeminy and trigeminy. The athlete was advised against RWL and extremely vigorous exercise and for regular, frequent checkups with occasional ECG monitoring during and after exercise.

Conclusion: The short and long-term implication of abrupt ventricular arrhythmias provoked by intensive training and methods like RWL is unknown. We postulate that cardiovascular screening is necessitated, especially during high-risk methods like RWL and HIT, in helping us prevent adverse outcomes and come to individual-based clinical making decisions for each athlete.

KEYWORDS
  rapid weight loss, arrhythmia, wrestling, combat athletes, heart, case report


1. Introduction

Wrestling is one of the oldest Olympic sports, with Greco-Roman and freestyle wrestling being internationally recognized as competitive forms of wrestling. As a combat sport, wrestling is exceedingly mentally and physiologically demanding (1). Rapid weight loss (RWL) is highly prevalent in wrestling (2). Many wrestlers engage in RWL before weigh-in, followed by rapid weight gain (RWG) after weigh-in/before a competition to get a real or perceived advantage over their lighter opponents. In terms of combat sports, athletes practicing RWL usually reduce ~2–10% of their body weight in a time of 1–7 days (3), but in practice, there is no universally applied RWL procedure but rather many variations of the same theme (4). For example, our study reports an athlete who loses more than 5% in 3 days. Methods to induce RWL are similar to those found in other combat sports and are centered around active and passive dehydration, gut content manipulation, and glycogen depletion (2, 5). Concerns about acute health risks from the continued use of RWL have mainly focused on the loss of more than 5% of body mass using extreme dehydration or food deprivation on days 1 or 2 before weigh-in. Health risk that may be caused by RWL depends on various factors, such as the total amount of body mass (BM) reduction, the time for this reduction, and the frequency of episodes and/or strategies used for RWL (6). Despite the documented health risks and consequences that can even lead to death (7), it is still practiced (8).

An athlete's heart physiologically adapts morphology and function to cope with the demands of exercise. These changes pose the risk of different electrical disturbances, which are the main cause of adverse cardiovascular events in athletes (9). Regular medical checkups are usually done in rest or on a treadmill with continuous electrocardiogram (ECG) monitoring. There is a gap in knowledge of whether are there heart rhythm disturbances or myocardial injuries during procedures like RWL or vigorous training.

The aim of this study was to assess the effects of 3-day RWL on rhythm disturbances and biomarkers of myocardial injury in a young male, apparently healthy wrestler. We herein describe a case of a professional wrestler athlete with acute onset of ventricular arrhythmias after RWL and high-intensity training.



2. Case description


2.1. Athlete overview

A professional male wrestler (age 20, height 177.5 cm, weight 77.5 kg) volunteered to participate after providing informed written consent and permission to publish obtained data. A wrestler had 14 years in sport, though last 7 years he has been competing in wrestling, on the national level. He usually performs RWL a couple of times a year, and loses 3–6% of his body weight in 3–5 days. The athlete was without a medical history of previous disorders. The medical exam was performed 7 days before RWL, baseline 12 lead electrocardiogram (ECG) was without abnormalities, transthoracic echocardiogram (ECHO) showed signs of concentric remodeling with preserved systolic, diastolic function, and global longitudinal strain (Table 1). Laboratory analyses were without any abnormalities (Table 2). The experiment protocol was conducted and supervised by assistants and professors of Faculty of Sport and Physical Education, University of Novi Sad. The medical assessment and interpretation were conducted by cardiologists with experience in sports cardiology.


TABLE 1 Baseline echocardiographic parameters.
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TABLE 2 Comparison of analyzed baseline P1 and P 2 parameters.
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This study was conducted in accordance with the Helsinki declaration. Ethical approval was obtained from the ethics committee of the University of Novi Sad, Novi Sad, Serbia (Ref. No. 46-06-02/2020-1).



2.2. Protocol (dietary, training)

This study included two phases (Figure 1, timeline). Phase one (P1), in which the athlete had to lose 5% of his body in 3 days through vigorous training and dietary intervention. The day of training (testing) was the last day of the RWL period, after which the measurements were performed. In Phase two (P2), the same high-intensity training protocol was performed with no RWL procedure included. The total duration of the training was 90 min. The respondent was familiar with the testing procedure and was instructed to perform the protocol with the same sparring partner on both periods (P1 and P2).


[image: Figure 1]
FIGURE 1
 Timeline legend. ECG, Electrocardiogram; ECHO, Echocardiography; HIT, High intensity training; PVB, Premature ventricular beats; PAB, Premature atrial beats; RWL, Rapid weight loss.



2.2.1. Warm-up

Participant started with a warm-up that consisted of 5 min of foam rolling, followed by 5 min of dynamic stretching. Standard and sport-specific warm-ups were conducted for the next 7 min after which 8 min of gymnastic and acrobatic elements were performed by wrestler (total warm-up time = 25 min).



2.2.2. Testing protocol

The main part of the training consisted of an intensive throwing technique (15 s) interspersed with low-intensity aerobic running (45 s). In fact, the participant initially began a low-intensity circular run (45 s). Five seconds before the throwing part of the test, the respondent was instructed to place himself at a point 9 m away from his sparring partner. At the sound signal, he had to run to his sparring partner as fast as possible and perform the throwing technique. Immediately after the throw, as fast as possible, he had to return to the starting point of 9 m. Participant had to perform at least 4 shoulder throws together with sprints during this period of 15 s. When the throwing part was completed, respondent started a new set of low-intensity running. After the subject completed the set of 10 min, a 3-min break was applied. Four sets of the explained protocol have been realized (total duration of testing protocol = 40 min).



2.2.3. Cool down

At the end of the test protocol, the cool down phase was employed. This phase consisted of 12 min of low-intensity circular running.




2.3. RWL procedure
 
2.3.1. First day

After the baseline assessment (in the morning) the respondent implemented the following meal and training plan. The subject had one can of tuna for lunch. Furthermore, plenty of fluid during the rest of the day was consumed (lemon and grape juices, and a lot of water ingestion). Prior to the evening training session, participant performed a low intensity activity (active rest) as walking, after which he attended the regular wrestling training session. For dinner, the respondent had a meal consisting of one green apple.



2.3.2. Second day

On the second day, many caffeine rich drinks were consumed. The first beverage in the morning was a cup of green tea. A glass of squeezed ginger, lemon and grape was the second beverage ahead of the morning workout. The training session in the morning included 45 min of low intensity aerobic running. For lunch, the respondent had a meal consisting of slice of fish, half portion of rice, and lettuce. During the afternoon, the subject rested until the evening training session with no more fluid intake on this day. The training session in the evening consisted of low intensity running (45 min of jogging interspersed with gymnastic and acrobatic elements) in a plastic suit (in order to induce extensive sweating). Immediately after the training, the respondent used sauna-−3 sets of 5 min spent in heated environment with 2–5 min break (spending time outside the sauna).



2.3.3. Third day

On the final day, the above explained training session was performed in the morning. No liquids were consumed prior and/or during the test protocol (before the final measurement). 2 h after the procedure, weight measurement and medical assessments (12 lead ECG, ECHO, blood sampling and 24 h continuous ECG monitoring) were carried out. Once the examinations were completed, the respondent was allowed to begin the process of rehydration and food intake. There were no changes in protocol.





3. Results

After P1, the wrestler lost 5.15% of BW in 3 days. Laboratory analyses during the experiment are presented in Table 2. The RWL resulted in lower blood glucose levels and higher urea and uric acid levels as a sign of dehydration and higher levels of AST and LDI. High levels of myocyte enzyme damage (increased CK) were reported after P1 and P2, including MBI after P2. Troponin levels remained the same, but NT pro-BNP was higher after the RWL when compared to baseline and P2. Creatinine levels were increased after P2.

After P1 and P2 complete blood count showed substantially increased leukocytes and neutrophils count, with slightly declined lymphocytes.

Echocardiography after P1 and P2 showed preserved systolic and diastolic function and no signs of ischemia or myocardial injury with preserved left ventricular global longitudinal strain.

Electrocardiograms are presented in Figure 2. Baseline ECG showed sinus rhythm, heart rate (HR) of 52 beats per minute (bpm), and one ectopic premature atrial complex (PAC). After P1, ECG revealed sinus rhythm with one ventricular premature beat (VPB). Continuous 24 h ECG monitoring revealed the sinus rhythm with an average heart rate HR of 79/ bpm, minimum HR of 46/bpm, and maximal HR of 131/bpm, with frequent 2150 VPB in total for 24 h, with 2 couplets, and 8 PAC. As a therapeutic measure, a period of de-training was recommended. After 4-week period, 24 hours of continuous ECG monitoring revealed practically normal reports: sinus rhythm, average HR 68/bpm, maximal 101/bpm, and minimum 36/bpm, with occasional 244 VPB, 883 PAC, 39 in couplets, 39 times in salvos no longer than 4 beats. After P2, 24 h of ECG monitoring revealed sinus rhythm, maximal HR 126/bpm, min 49/bpm, average 79/min, with even more frequent VPB, 5% of all beats for 24 h, 4205 in total, almost all VPB was in bigeminy and trigeminy. Although the athlete was asymptomatic, he was advised against RWL and extremely vigorous exercise and for regular, frequent checkups with ECG monitoring during and after exercise. On the first check-up after 3 months, he was asymptomatic and engaged in a regular training routine.
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FIGURE 2
 (A) Shows a baseline electrocardiogram (ECG). Sinus rhythm and one ectopic premature atrial beat. (B) Shows an ECG after P1, phase one (rapid weight loss & high intensity training); sinus rhythm and one ectopic premature ventricular beat (PVB). (C) Shows an P2, phase two (high intensity training) ECG with sinus rhythm and PVB in trigeminy. Three lead ECG Holter monitoring after P1 shows ectopic PVB in bigeminy in (D) and trigeminy in (E), frequent ectopic PVB after P2 in (F).




4. Discussion

We reported a case of a male wrestler who developed disrupting arrhythmia during RWL and HIT. Physiological adaptation of an athlete's heart might be related to arrhythmic expression, plus certain procedures like RWL and HIT can pose an additional risk. The magnitude of the problem is unknown because there is no regular screening during these procedures.

Problematic RWL practices in wrestling were documented in the scientific literature nearly 100 years ago (10). In the wake of the tragic deaths of young wrestlers in the USA, the conversation around the health and wellbeing of combat sports athletes intensified, and the American College of Sports Medicine (ACSM) published an updated position statement on weight loss in wrestlers (11) while the National Collegiate Athletic Association (NCAA) introduced a Wrestling Weight Certification Program in 1997 (12) in the attempt to prevent extreme weight making in this sport. The newly introduced rules (i) limited weight loss to ≤ 1.5% of body weight per week; (ii) established a minimal competitive weight for each wrestler based on a lower limit of 5% body fat (males); (iii) moved weighins to 1 to 2 h pre-competition; (iv) added 3.2 kg to each weight category limit; (v) banned the use of unsafe RWL methods; (vi) randomized the order of weight class competition (instead of heavier athletes competing later), and (vii) obligated athletes to pass a hydration test (urine specific gravity ≤ 1.020) at the weigh-in.

Features of RWL (mainly ionic disturbances) and high-intensity training (high adrenergic tone, high ventricular wall stress) may predispose ischemia and arrhythmia. The authors (13) found an increase in heart rate observed as higher sympathetic modulation after RWL and concluded a higher cardiovascular risk in athletes as a result of RWL. The features of RWL affect the hemodynamics of the cardiovascular system, provoke plasmatic volume decrease, increase rest heart rate, lowers blood ejection, and finally result in a decreasing capacity to sustain work at a constant rate (11). In our case report athlete has experienced lower blood glucose levels after P1, this could be largely due to significantly lower energy intake during RWL. We can see that glucose levels after P2 are similar to baseline levels. Exercise is known to improve insulin sensitivity, although an increase in catecholamines might result in hyperglycemia just post-intense exercise (14).

Abnormally elevated values of blood urea nitrogen and uric acid were measured after P1. Creatinine is increased after P1 but even more, above the reference range after P2. Creatinine levels may increase after intense exercise as a result of exercise-induced muscle breakdown (15). A systematic review of 10 studies (16) found that creatinine, blood urea nitrogen, and urine-specific gravity values were significantly increased after RWL in the majority of the included studies. In a study by Cicioglu et al. (17) a decrease of −5.30% in total body water was reported after RWL. However, dehydration is present also in prolonged exercise. In a study by Bongers et al. (18) subjects were dehydrated on average 0.6 ± 0.3% and 2.9 ± 0.7% after acute and prolonged exercise, respectively (p < 0.001). Dehydration during RWL and subsequent acute kidney damage despite various degrees of weight loss characterize RWL. In addition, strength prolonged exercise accompanied by dehydration activates renin–angiotensin–aldosterone system which in these conditions may result in ischemic kidney injury (19). The estimated glomerular filtration rate significantly decreased after prolonged exercise (18). In another study (20), a significant correlation between creatinine and reduced lean body mass during RWL was observed.

Athlete's exhibited 2-fold increased CK after P1 and almost 3-fold after P2 in addition to elevated MBI above the reference value. CK and LDI are fragments of myosin heavy chain and are related to muscle damage. It is known that intense exercise leads to muscle tissue injury causing CK to be released into the bloodstream (21). Vigorous exercise results in elevations of plasma MBI in a significant proportion of athletes. Increases in these enzymes are not considered to be associated with myocardial injury but rather with muscle damage. Marked increases in CK activity are often associated with an increase in AST associated with higher muscular activity (22).

Troponin levels remained the same, but NT pro-BNP was higher after the RWL when compared to baseline and P2, though did not exceed reference ranges. NT-proBNP are mostly are released from cardiac chambers in response to volume or pressure overload and myocardial strain (23). Elevation in this biomarker can be early marker of imposed stress on myocardium during RWL. But further research in this field is needed.

Physical exercise may affect changes in the immune system. In a study that included 800 healthy young individuals exercise significantly increased white blood cells, segmented neutrophils, band neutrophils, eosinophils and to a lesser extent lymphocytes (24). In a study by Shariat et al. young judoists experienced significant increase in white blood cell count after RWL. Leukocytes after P1 follow 2-fold increase when compared to P2. Psychophysical stress during RWL could contribute to significant increases in cortisol and testosterone levels, that could additionally increase and mobilize leukocytes during RWL.

Cardiac remodeling poses the risk of increased arrhythmias at the atrial and ventricular levels. The concept of the athlete's heart as a proarrhythmic has been described previously (9). In a large-scale study by Spirito et al. (25), the findings indicated that wrestling has a high impact on LV wall thickness size but a relatively small impact on cavity dimension, suggesting that wrestling has a disproportionate influence on wall thickness relative to cavity dimension, which is comparable with our study results. In a similar fashion, Cohen and colleagues (26) found the left ventricular posterior wall, interventricular septal, and left ventricular internal dimensions to be significantly larger in high school wrestlers who had seasonal variations in the weight of 9% than in non-athletic controls during systole (p < 0.05) and diastole (p < 0.025). Left ventricular remodeling might promote arrhythmia in these athletes. Continuous vigorous exercise may result in right heart remodeling and cardiac structure and function alteration (27). Sustained volume overload in endurance sports may result in acute right heart chambers dilatation and chronic replacement of the myocardium with fibrotic areas that could be a substrate for ventricular arrhythmias (28). Although wrestling is categorized as a strength sport, many sports include frequently overlap between isotonic and isometric exercise, and thus pose mutual risks. Differentiating physiological responses following sport participation from pathology conditions could be challenging. Characteristics of exercise-induced remodeling may resemble very early features of arrhythmogenic right ventricular cardiomyopathy (ARVC), inherited cardiomyopathy linked to fatal arrhythmias (29), and sometimes it is difficult to differentiate between these two entities (27). In these individuals, cardiac magnetic resonance (CMR) a powerful imaging technique may enhance the evaluation of cardiac structure and function (30) and help in the differentiation between physiological and pathological conditions. In a study evaluating the overlap between typical features of ARVC and sport-related peculiarities by CMR, 16% of young athletes had abnormally increased RV volumes, one of the diagnostic criteria for ARVC. However, the diagnosis of ARVC is complex and involves subsequent diagnostics and fulfillment of the Task Force Criteria (TFC) (31). In a study investigating ventricular arrhythmias in 4,263 athletes, the prevalence of mostly isolated frequent and monomorphic ventricular arrhythmias was 4.19% in a healthy heart without structural cardiomyopathy, with the mean daily number of 1,101 +/−2,693 (range 0–16,678) (32). An increasing number of PVBs, specific morphology (site of origin), and characteristics should raise the red flag for investigation in underlying heart disease. There is no absolute threshold in athletes in the number of PVBs that is used as a cut-off for underlying disease. Biffi (33) et al. found that >2,000 PVCs per day in asymptomatic athletes were associated with a 30% of chance of finding an underlying structural or cardio-genetic disease. A meta-analysis of ten studies found that PVB in the recovery phase of an exercise test, not during exercise, was correlated with a higher risk of adverse cardiovascular events in the long term (34).

In another study, elite athletes with ventricular arrhythmias during exercise had evidence of impaired RV function, myocardial fibrosis, and additional LV contraction abnormalities in life-threatening arrhythmic events. The authors concluded that ventricular arrhythmias are more commonly associated with cardiovascular abnormalities in young competitive and female athletes and if present, they require a thorough investigation and follow-up. They postulated that these phenotypes imitate arrhythmogenic cardiomyopathy and may potentially be provoked by vigorous exercise in susceptible individuals (35).



5. Conclusion

We know that physiological adaptation and heart remodeling can yield the risk of arrhythmia, especially in susceptible individuals, whilst regularly practiced methods like RWL and HIT pose the additional risk that may possibly confer unfavorable prognosis even in asymptomatic individuals. We postulate that cardiovascular screening is necessitated, especially during high-risk methods like RWL and HIT, in helping us prevent adverse outcomes and come to individual-based clinical making decisions (Figure 3).


[image: Figure 3]
FIGURE 3
 Suggested cardiovascular screening for athletes engaged in HIT and RWL.



5.1. Limitations

This study is single case report which per se has its limitation as lack of ability to generalize, potential of over interpretation etc. Although the research in this area is scarce, preliminary conclusions and hypothesis that screening is necessitate part of different procedures the athletes is involved may highlight the need for research in this area.
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The reported incidence of liposarcomas in ~2,000 cases annually results in about 30% of myxoid liposarcomas. Cardiac myoxid liposarcomas are very rare; their presentation could be cardiac tamponade, due to direct compression of the tumor and/or pericardial effusion. In this report, we describe a patient who presented with pericardial effusion secondary to myoxid liposarcomas from the right atrium, an extremely rare presentation of liposarcomas in the heart. We also present non-invasive imaging through echocardiography, CECT thorax and FDG PET scans, followed by a CT-guided mass biopsy. Histopathology of the right atrial mass demonstrated myxoid liposarcoma positive for the S100 tumor marker.

KEYWORDS
 liposarcoma—diagnosis, cardiac tamponade, right atrium (RA), cardiac tumor diagnosis, FDG (18F-fluorodeoxyglucose)-PET/CT


History of presentation

A 53-year-old woman, with a history of having been hypertensive for 8 years but displaying no prior record of cardiac illness, came to the hospital with complaints of shortness of breath (class IV) for 1 week. This was aggravated 2 days prior to her visit, associated with orthopnea, a dry cough, and a low-grade intermittent fever. On examination, Pulsus paradoxus and Kussmaul's signs were present.



Medical history

The ECG showed sinus tachycardia with non-specific ST-T changes. Moreover, the echocardiogram showed massive pericardial effusion with features suggestive of cardiac tamponade and homogenous mass adjacent to the right atrium (Figures 1A, B). Emergency pericardiocentesis was done, and hemorrhagic pericardial fluid was sent for analysis. The patient became asymptomatic; a chest roentgenogram revealed bilateral minimal pleural effusion. Anti-tuberculous treatment was initiated, given the high suspicion of tuberculosis and mildly raised adenosine deaminase levels in the pericardial fluid sample.


[image: Figure 1]
FIGURE 1
 (A) Imaging modalities and approaches carried out for the diagnosis of cardiac tamponade. (B) Pericardiocentesis followed by 2D-Echocardiogram revealed a 5 x 4 cm sized mass adjacent to the right atrium. Yellow highlighted area locates the myxoid liposarcoma in the right atrium.


CECT thorax (Figures 2A, B) revealed minimally enhancing mass lesion in the right atrial wall with a small intraluminal component projecting into the right atrial chamber, with multiple enlarged retroperitoneal lymph nodes. As it was initially suspected to be lymphoma, a PET CT scan (Figures 2C–F) was performed to rule out metastasis, which showed mildly FDG-avid hypodensity along the lateral wall of the right atrium with mass effect over it.


[image: Figure 2]
FIGURE 2
 Lymph node characteristics in the right atrium. (A) CECT thorax revealing minimally enhancing mass lesion in the right atrial wall. (B) Multiple enlarged retroperitoneal lymph nodes. (C) Horizontal sections of FDG PET scan revealing mildly FDG avid hypodensity (5.8 × 5 cm, SUV max −3.40) along the lateral wall of the right atrium with mass effect over it. (D) Coronal section of FDG PET scan revealing mildly FDG avid mass over the lateral wall of the right atrium. (E) Enlarged FDG avid lymph nodes at perivascular, aortocaval, retrocaval, and bilateral common iliac and external iliac levels (F). Yellow highlighted area locates the myxoid liposarcoma in the right atrium. White arrows in (F) indicates metastasis in abdomen areas.




Investigations

CT-guided biopsy from the right atrial mass was subjected to histopathological examination. The findings revealed the presence of myxoid liposarcoma (Figure 3A). The histological findings were further confirmed by tumor markers Pan CK and S100, denoting that the sample stained positive for S100 (Figures 3A, B).


[image: Figure 3]
FIGURE 3
 Histopathology observations in right atrial mass (A) biopsy collected from right atrial mass demonstrated signet-ring-shaped lipoblasts in mucoid matrix suggestive of myxoid liposarcoma. (B) The tumor cells are positive for the S100 tumor marker. (C) Schematic illustration of possible risk factors associated with myxoid liposarcomas in the right atrium.




Management

Anti-tuberculous treatment was terminated. The case was discussed on the tumor board and a decision to obtain a biopsy from the mesenteric lymph node adjacent to the left iliac artery with laparoscopic assistance was made. However, the patient and her family were not in agreement; hence, she was discharged against medical advice.



Discussion

Primary cardiac tumors are rare (1–3), found in about 0.001–0.3% of autopsies performed (4–6). Exact incidence of these tumors are unknown or not reported, but 1 in 500 cardiac surgical cases found to have primary cardiac tumors, out of which 75% are benign and about 25% are malignant (7, 8). Of these malignant tumors, around 75% are sarcomas (4, 9). Cardiac sarcoma is classified into right heart sarcomas, left heart sarcomas, and pulmonary artery sarcomas (10). Right heart sarcomas are generally bulkier, exophytic, infiltrate easily, remain asymptomatic, and cause heart failure belatedly and metastasize earlier (11). Therefore, the clinical diagnosis is challenging. The heart is an unusual site for liposarcoma and very few cases of metastatic primary cardiac sarcomas have been reported to date. WHO classification was proposed in 2004 for cardiac tumors (12). This may arise in either of the atria, but also from ventricles and the pericardium. Pericardial involvement may manifest as pericardial effusion or irregular nodules over pericardium (13, 14).

Non-invasive imaging plays a critical role in the diagnosis and surgical interventions of cardiac tamponade (15). Although echocardiography is a simple non-invasive method for cardiac mass evaluation, the area of tissue that could be covered using standard transducers may not be sufficient to assess the extent of the tumor mass (16). In the present case, our multimodal approach involving FDG PET scan followed by CT-guided biopsy facilitated the accurate assessment of size, location, depth of infiltration, and lesion margins of cardiac mass. Histopathology (H&E) of liposarcomas showed a traditional myxoid pattern of the matrix, round lipoblast cells with a hyperchromatic nucleus in the periphery. These cells had scanty cytoplasm, displaced by clear, large lipid droplets appearing as signet-ring shapes. Immunohistochemistry confirmed the S100, a known marker of malignant cells (17, 18). Thus, we recommend the use of an FDG-PET scan followed by histological analysis for the evaluation of size, morphology, tissue characteristics, and clinical correlation of cardiac masses.

Even though there are more innovations in diagnosis (19), the imaging characteristics of myxoid liposarcomas remain inconclusive. Usually, the malignancy tends to arise in atria as a large infiltrating mass; in time, it infiltrates into the ventricles and pericardium. Usually, the pericardium is the most vulnerable site for effusion and tumor nodules (14). While the exact cause of liposarcoma is unclear, variation in arterial pressure, genetic mutations in adipocytes, misfolded protein aggregation during adipogenesis, autophagy dysfunction, and extracellular matrix disintegration are likely to be the molecular mechanisms of the pathology (Figure 3C). In the present case, cardiac tamponade was characterized by pericardial effusion occurring in the right atrium. Of note, the myxoid liposarcoma is positive for S100 tumor markers even in the atrium itself, without any signs of infiltration to ventricles, a very rare occurrence.

Diagnosing myxoid liposarcomas remains a challenge (20, 21). Imaging modalities like echocardiography, cardiac MRI, and CT scans are extremely useful tools for identifying these tumors. FDG-PET scan is the newly evolved tool to diagnose both the tumor and metastasis (22, 23). In this case, we progressed schematically using an echocardiogram for diagnosing cardiac tamponade along with right atrial mass, then imaging with CECT thorax and FDG-PET scan, followed by CT-guided biopsy of the mass. There are limited data and guidelines for the diagnosis and treatment of this rare condition. Total or partial surgical resection may rarely benefit for patients with cardiac tumors. Here, since the sarcoma invaded the whole right atrium of the patient at the time of first hospitalization, a surgical resection or reconstruction was unlikely. However, because the patient was discharged against medical advice, there was no follow-up due to loss of communication.
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Appendicitis is one of the common diseases, and appendectomy is one of the most commonly performed procedures. Single atrium and single ventricle are rare heart diseases, and very few patients survive to adulthood. We report a patient with single atrial and single ventricles undergoing appendectomy with transverse abdominis plane block and dexmedetomidine sedation anesthesia with smooth postoperative appendectomy.
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Introduction

Appendicitis is one of the most common surgical emergencies and appendectomy is one of the most commonly performed surgical procedures. The annual incidence of acute appendicitis (90–100)/100,000 people in developed countries are reported in the literature (1), about 50,000 appendectomies are performed annually in the UK and 300,000 in the USA (2). Chronic inflammatory lesions of the appendix, such as hyperplasia of the fibrous connective tissue of the duct wall, narrowing or occlusion of the duct lumen, distortion of the appendix, and adhesions to the surrounding tissues evolve into chronic appendicitis after acute appendicitis intervention or self-healing, which can reoccur or have multiple acute attacks.



Case present

We now report a female patient, 20 years old, 44 Kg, with recurrent intermittent lower abdominal pain for more than 2 years, with exacerbation occurring 3 times, which improved significantly with interventions such as anti-inflammatory treatment when symptoms appeared. Half a month ago the symptoms reappeared and the patient was hospitalized for surgical treatment (Figure 1).
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FIGURE 1
Imaging images of the patient’s abdomen. (Left) Barium examination. (Right) Full abdominal CT scan.


The patient had a history of cyanotic since birth and low activity tolerance. Due to the poor economic conditions, the family could not pay the bills in the early years. As she grew up, the best chance to cure her illness has been lost. Comprehensive consideration, she has not received surgical intervention. At the present, her metabolic equivalent (MET) was 4.0 [1 MET = 3.5 ml/(kg.min) of oxygen consumption] (3), and New York Heart Association Classification was Grade III. Electrocardiogram: sinus rhythm; P-wave peak, bimodal and widened; right-sided electrical axis, cis-clockwise transposition; RavR > 0.5 mV; right ventricular high voltage; ST-T abnormalities. Echocardiogram: (1). Her heart is located on the left side of the chest. Single ventricular end-diastolic volume was 63 ml, single ventricular end-systolic volume was 28 m1, and ejection fraction was 56%. The transverse diameter of the single atrium was about 50 mm, and the transverse diameter of the single ventricle was about 42 mm; (2). Muscular stenosis of the funnelus with an internal diameter of 1.6 mm, CDFI: flow rate of 376 cm/s, a pressure difference of 57 mmHg; Pulmonary valve thickened with a limited opening, annular diameter 10.2 mm, proximal aortic diameter 8.2 mm, distal aortic diameter 13.3 mm, CDFI: pulmonary artery opening velocity 327 cm/s, differential pressure 43 mmHg, moderate aortic regurgitation (3). Only one set of atrioventricular echoes could be detected, CDFI: flow rate of 436 cm/s, residence difference of 76 mmHg, moderate atrioventricular valve reflux (Figure 2).
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FIGURE 2
Ultrasound imaging of the patient’s heart. (A,B) Patient’s atrial ventricle and pulmonary artery imaging and pressure. (C) Images of the patient’s atrium ventricle and aorta. (D) Atrial ventricular flow imaging of the patient.


Her oxygen saturation in room air (SpO2) was 72%, hemoglobin was 209 g/L, red blood cells were 8.84 × 10∧12/L, prothrombin time was 15.2 s, prothrombin activity was 65%, international normalized ratio (INR) was 1.35, total bilirubin was 60.8 umol/L, direct bilirubin was 9.2 umol/L, and other hematologic and biochemical tests were approximate. After a week of anti-inflammatory treatment to control the appendiceal inflammation, an open appendectomy under the left side’s transverse abdominal plane nerve block was proposed according to the patient’s wishes.

The patient was fasted for 8 hours and admitted to the operating room, where she was monitored for rhythm, heart rate, blood pressure, pulse oximetry, and arterial blood gas analysis followed by face mask oxygenation to improve oxygenation. The patient’s arterial blood gas analysis on admission showed: pH 7.363, PCO2 36.4 mmHg, PO2 39 mmHg, BEecf −5 mmol/L, HCO3 20.7 mmol/L, TCO2 22 mmol/L, sO2 72%; after 10 min of oxygenation: pH 7.356, PCO2 37.2 mmHg, PO2 50 mmHg, BEecf −5 mmol/L, HCO3 20.8 mmol/L, TCO2 22 mmol/L, sO2 84%; meanwhile, her venous blood gas analysis showed: pH 7.353, PCO2 37.3 mmHg, PO2 48 mmHg, BEecf −5 mmol/L, HCO3 20.8 mmol/L, TCO2 22 mmol/L, sO2 81%. A left transversus abdominis plane block was performed with 20 ml of 0.125% ropivacaine under ultrasound guidance. After the patient’s sensation in the left lower abdomen was different from that in the right lower abdomen, the general surgeon used 0.5% lidocaine for local injection and intravenous pumping of dexmedetomidine 0.2 ug/kg/h. After the patient’s local abdominal wall sensation disappeared, the abdominal cavity was opened layer by layer by incision, and the blind end of the appendix was carefully searched for with long forceps and removed without any obvious adverse sensation during the operation. The operation lasted 45 min, 200 ml of Ringer’s fluid was infused, and bleeding was about 10 ml (Figure 3).
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FIGURE 3
Images of patients during surgery. (A) Compared with the fingers of normal people, the finger color of the patient was purple. (B) Patient’s heart rate, blood pressure, and pulse oxygen saturation. (C) The moment when the patient’s appendix was removed. (D) Postoperative incision of the patient.




Discussion

The patient’s multiple appendicitis episodes severely affected her daily life and became another significant burden for her co-morbid heart disease. Although theoretically, this appendicitis could still be relieved with medications and other interventions, the patient’s desire for surgery was strong and we respected the patient’s wishes to finalize our treatment decisions with a patient-centered approach (4). Recurrence after conservative treatment of acute appendicitis is also a concern for both physicians and patients. The APPAC trial with a 72.7% success rate of conservative treatment was reported to have a recurrence rate of 27.3, 34.0, 35.2, 37.1, and 39.1% at 1–5 years after 5 years of follow-up (5). The recurrence rate in real-world studies may be lower. Data from the National Health Insurance in Taiwan, China showed that 15.1% of nearly 240,000 first-time hospitalizations for acute appendicitis received non-surgical treatment, with an average follow-up of 6.5 years and 7.1% of recurrences (6). 1.5% of nearly 240,000 cases of uncomplicated acute appendicitis in 11 years were treated non-operatively, 5.9% failed, and 4.4% recurred (median follow-up > 7 years), with a lower recurrence rate in women than in men, California, USA (7). Darwazeh et al. (8) systematically reviewed 21 non-operative treatments for appendiceal abscess or cellulitis with a mean follow-up of 45.9 months and a recurrence rate of 0∼24% with a mean of 12.4%. Surgery should be recommended for cases with multiple (≥ 2) recurrences, subacute or chronic appendicitis that appears to be successfully treated conservatively but still has abdominal pain, or the occurrence of postoperative stump inflammation. During this procedure, the surgeon visually observes inflammation in the appendix. Studies have shown that the surgeon’s intraoperative visual determination of the type of appendiceal pathology is approximately 80% accurate (9). Postoperative pathology also confirmed the patient’s diagnosis of chronic appendicitis.

In patients with a common atrium and single ventricle, arterial and venous blood are mixed in the common cardiac chamber and decreased pulmonary blood flow is due to infundibular stenosis. Patients with single atrium and single ventricle heart disease are rare and account for 1∼2% of all congenital heart malformations. Without corrective surgery, it will die in the neonatal period or infancy, and survival into adulthood is unusual (10). Patients with single atrium and single ventricle hearts require surgery in infancy or childhood to ensure balanced pulmonary and systemic blood flow (11). Due to the disturbance of the homeostasis of their hemodynamic state, few patients can live an almost normal life without any surgical intervention. Only about 10 cases worldwide have been reported for patients with single ventricle surviving to late adulthood, one of them up to 62 years of age and the others up to 50 years of age (12). Survival to adulthood in patients with a single ventricle combined with a single atrium is even rarer, with only a very few cases reported so far (13, 14). There have been few reported cases of patients successfully surviving into adulthood with concurrent surgical treatment. In addition to a primigravida with a single atrium and single ventricle (15), and a patient with anomalous hepatic venous drainage and azygos continuation of inferior vena cava (16).

It is a miracle that the patient survived to adulthood, which may be related to the tolerable pressure of the pulmonary artery trans-valve. The patient also paid attention to the prevention of infectious diseases such as colds and the amount of exercise she took. According to relevant calculations, the patient’s metabolic equivalent is currently assessed at 4 points, and she can almost perform simple daily life independently. Interventions in such patients focus on maintaining the patient’s cardiac and pulmonary circulatory homeostasis and reducing disturbances to cardiac function that she has tolerated for many years. Considering that the patient had chronic appendicitis and that the local inflammation and adhesions of the appendix were not too severe, the general surgeon, cardiac surgeon, and anesthesiologist unanimously decided to use regional block anesthesia instead of general anesthesia to maintain the balance of cardiac and pulmonary function in this patient. A patient with Marfan syndrome receiving transversus abdominis plane blocks with analgesic results has been reported (17) and administration of dexmedetomidine might reduce the adverse effects of general anesthesia in infants with congenital heart disease undergoing surgery and extracorporeal circulation (18). The surgical showed that ultrasound-guided transversus abdominis plane block and dexmedetomidine had a less hemodynamic impact on this patient, and reduced the patient’s tension, anxiety, and discomfort, creating conditions for a successful surgery. The patient had almost no adverse effects during the operation, and the appendectomy was completed successfully.
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Case report: Aggressive progression of acute heart failure due to juvenile tuberculosis-associated Takayasu arteritis with aortic stenosis and thrombosis
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Background: Takayasu arteritis (TA) is a chronic granulomatous vasculitis with unknown pathophysiology. TA with severe aortic obstruction has a poor prognosis. However, the efficacy of biologics and appropriate timing of surgical intervention remain controversial. We report a case of tuberculosis (TB)-associated TA with aggressive acute heart failure (AHF), pulmonary hypertension (PH), thrombosis, and seizure, who failed to survive after surgery.



Case presentation: A 10-year-old boy who developed a cough with chest tightness, shortness of breath, hemoptysis with reduced left ventricular ejection fraction, PH, and increased C-reactive protein and erythrocyte sedimentation rate was hospitalized at the pediatric intensive care unit of our hospital. He had strongly positive purified protein derivative skin test and interferon-gamma release assay result. Computed tomography angiography (CTA) showed occlusion of proximal left subclavian artery and stenosis of descending aorta and upper abdominal aorta. His condition did not improve after administration of milrinone, diuretics, antihypertensive agents, and intravenous methylprednisolone pulse followed by oral prednisone. Intravenous tocilizumab was administered for five doses, followed by two doses of infliximab, but his HF worsened, and CTA on day 77 showed complete occlusion of the descending aorta with large thrombus. He had a seizure on day 99 with deterioration of renal function. Balloon angioplasty and catheter-directed thrombolysis were performed on day 127. Unfortunately, the child's heart function continued to deteriorate and died on day 133.



Conclusion: TB infection may be related to juvenile TA. The biologics, thrombolysis, and surgical intervention failed to achieve the anticipated effect in our case with aggressive AHF due to severe aortic stenosis and thrombosis. More studies are needed to determine the role of biologics and surgery in such dire cases.
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juvenile, Takayasu arteritis, acute heart failure, pulmonary hypertension, thrombosis, surgery





Introduction

Takayasu arteritis (TA) is a chronic, granulomatous vasculitis that predominantly involves the aorta and its main branches (1). TA may lead to fatal complications, such as heart failure (HF), myocardial infarction, dissecting aneurysm, and stroke (2). Juvenile TA is less common and has an insidious onset. The pathogenesis of TA may be related to infection, genetic susceptibility, and immune abnormalities. Tuberculosis (TB) was one of the leading causes of death from a single infectious pathogen, with an estimated 2 million TB deaths in 2019 in the world (3). The prevalence of TB was relatively high in Southeast Asia (44%), Africa (25%), and Western Pacific (18%) (3). Studies have shown that TA is closely associated with TB infection in adults, of which 9.9% had TB (4). Pedreira and Santiago (5) reported that active or latent TB accounted for 6.3%–20% or 20%–82% of patients with TA, respectively. However, there was no difference in clinical presentation in TA with or without TB infection (6). TB-associated juvenile TA is rare (7, 8). Treatment of juvenile TA is based on the approaches used for adults, but the rapid onset and severity of the disease in children means that treatment options are very limited, and the efficacy of biologics or surgical interventions is controversial (9, 10). Herein, we reported an aggressive case of TB-associated TA in a Chinese boy, who presented with refractory acute heart failure (AHF), pulmonary hypertension (PH), and seizure due to severe aortic stenosis and associated thrombosis. Balloon angioplasty and catheter-directed thrombolysis were attempted, but unfortunately, those did not prevent his demise on day 133.



Case presentation

A 10-year-old Chinese boy was transferred to the pediatric intensive care unit (PICU) of our hospital with AHF, PH, and hypertension. Ten months prior to this admission, he presented to the local healthcare providers with “chest pain,” increased erythrocyte sedimentation rate (ESR: 39–52 mm/h), and C-reactive protein (CRP: 22.6–29.1 mg/L), and chest computed tomography (CT) scan demonstrated calcified left hilar lymph nodes. Chest pain improved after antibiotic therapy for 1 week (no detail regarding the medications).

On this admission, he returned to the local hospital with a 2-week history of cough, chest tightness, and shortness of breath. He was diagnosed with AHF, PH, and hypertension and transferred to our hospital. The patient had received routine vaccinations including Bacillus Calmette-Guerin (BCG). His growth and development were normal.

Physical examination on admission showed the following: heart rate 120/min, respiratory rate 26/min, and blood pressure (BP) 159/103 mmHg in his right arm, 124/93 mmHg in his left arm, 87/55 mmHg in his right leg, and 121/106 mmHg in the left leg. Distended jugular veins and weak left radial artery pulsation were found. Class IV systolic murmur in the precordial region was heard. There was no enlargement of liver and spleen. Laboratory evaluations revealed increased N-terminal pro-brain natriuretic peptide (NT-proBNP: 19052 pg/mL), CRP (8.45 mg/L), ESR (32 mm/h), serum creatinine (86 μmol/L), and urea (15.68 mmol/L) with decreased blood potassium (2.9 mmol/L), sodium (128 mmo1/L), and hemoglobin (84 g/L). The purified protein derivative (PPD) skin test and interferon-gamma release assay (IGRA) result were strongly positive. However, all microbiological analyses including TB culture and pathogenic microorganism sequencing were negative. Serum immunoglobulin and complements (C3 and C4) were normal. Antinuclear antibody (ANA) and antineutrophil cytoplasmic antibody (ANCA) were negative. Echocardiography revealed reduced left ventricular ejection fraction (LVEF: 40%) with left heart dilatation, PH (75 mmHg), and moderate mitral insufficiency. Chest x-ray showed significant cardiomegaly (Figure 1A). Chest CT showed calcified left hilar lymph nodes, enlarged mediastinal lymph nodes, patchy and slightly high-density shadows in both lungs, and a small amount of bilateral pleural effusion. CT angiography (CTA) showed occlusion of the proximal left subclavian artery and stenosis of the lumen of the descending and upper abdominal aorta with extensive thickening of the vascular wall (Figures 1B,C). Whole exome sequencing did not indicate any abnormal mutations. Based on the radiological findings and laboratory examinations, he was diagnosed as TB-associated TA (11) complicated with AHF and PH.


[image: Figure 1]
FIGURE 1
(A) Chest x-ray showed significant cardiomegaly. (B–E) MPR images of thoracic CTA. (B) Sagittal view of CTA demonstrated stenosis of the descending aorta and upper abdominal aorta with thickening of the vascular wall. (C) Axial view of CTA showed that the descending aorta was stenosed to 3.1 mm. (D,E) Sagittal oblique view and axial view of CTA indicated complete occlusion of the descending aorta with large thrombus (76 mm in length). (F,G) MIP image and VR reconstruction of CTA revealed complete occlusion of the descending aorta with large thrombus (76 mm in length) and extensive collateral circulation (twisted and dilated right intrathoracic artery, numerous open collateral vessels in the neck and upper mediastinum). (H) Axial view of brain MR imaging revealed high signals on T2 FLAIR images of cortical and subcortical areas of both the occipital lobes and right frontal-parietal lobe. MPR, multiplanar reconstruction; CTA, computed tomography angiography; MIP, maximum intensity projection; VR, volume rendered; MR, magnetic resonance; FLAIR, fluid-attenuation inversion recovery.


The boy was initially treated with bed rest, oxygen inhalation, milrinone, diuretics, captopril, bosentan, and antibiotics including anti-TB medications. He developed hemoptysis on day 8. Intravenous methylprednisolone pulse (IVMP) therapy (10 mg/kg/day) was given on days 22–24, followed by 1 mg/kg of daily oral prednisone. Metoprolol was added on day 28. However, subxiphoid and right upper abdominal pain was recurrent during hospitalization and worsened on day 29. AHF, PH, BP, heart rate, cardiac function, chest tightness, and shortness of breath did not improve notably. On day 32, intravenous tocilizumab (TCZ) was initiated at a dose of 8 mg/kg following the 0-, 2-, and 4-week regimen (Figure 2). Coughing and hemoptysis resolved. Chest tightness, shortness of breath, abdominal pain, BP (115/82 mmHg on the right arm) and heart rate (102 beats/min), LVEF (45%), and PH (47 mmHg) were slightly improved after three doses of TCZ. He was discharged on day 60.
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FIGURE 2
Clinical course of this case and sequential changes in NT-proBNP and CRP. NT-proBNP, N-terminal pro-brain natriuretic peptide; CRP, C-reactive protein; IVMP, intravascular methylprednisolone pulse; TCZ, tocilizumab.


The child was re-admitted on day 66 due to worsening HF with lower LVEF (30%), higher PH (70 mmHg), and normal CRP and ESR. During this admission, his BP fluctuated from 175/105–123/74 mmHg, and hemoptysis recurred. Repeated CTA on day 77 and day 92 showed complete occlusion of the descending aorta with large thrombus (76 mm in length) (Figures 1D,E) and extensive collateral circulation (twisted and dilated right intrathoracic artery, numerous open collateral vessels in the neck and upper mediastinum) (Figures 1F,G). In addition to the same medications as the first admission, subcutaneous low-molecular-weight heparin was started on day 78. IVMP therapy (10 mg/kg/day) was administered again on days 93–95.

The patient developed seizure and loss of consciousness while afebrile on day 99. Seizure was controlled with intravenous diazepam. Cranial magnetic resonance angiography (MRA) showed narrowed lumen of the anterior, middle, and posterior cerebral arteries. Brain MR imaging revealed strong signals on T2 fluid-attenuation inversion recovery (FLAIR) images of the cortical and subcortical areas of both the occipital lobes and right frontal-parietal lobe (Figure 1H). After failing to respond to another two doses of TCZ, intravenous infliximab was given for two doses on day 98 and day 112, and IVMP therapy (10 mg/kg/day) again on days 114–116. However, there were still no signs of improvement, and his renal function worsened. Given the complete occlusion of the aorta with large thrombus and aggravating life-threatening HF without response to any medication, balloon angioplasty was performed and catheter-directed thrombolysis with urokinase and heparin was started on day 127. Four days after surgery, the patient worsened suddenly with increased shortness of breath, decreased heart rate, and dropping of oxygen saturation to 60%. The patient died on day 133 (Figure 2).



Discussion and conclusion

In our case, the boy presented with hypertension and differential limb systolic pressure of >10 mmHg, increased ESR of 32 mm/h, and CRP of 8.45 mg/L. CTA showed the involvement of the left subclavian artery, descending aorta, and abdominal aorta. All microbiological analyses in our case were negative except for the positive PPD skin test and IGRA result. Treatment with antibiotics including anti-TB medications was ineffective. There was no evidence of other immune inflammatory diseases such as systemic lupus erythematosus and ANCA-associated vasculitis based on the clinical and laboratory features. TA was diagnosed according to the diagnostic criteria developed by the European League Against Rheumatism (EULAR)/Paediatric Rheumatology International Trials Organisation/Paediatric Rheumatology European Society (11). The clinical course was complicated with refractory HF, PH, thrombosis, and central nervous system involvement and renal dysfunction.

HF is the leading cause of death in adult TA patients (12). Zhang et al. (13) analyzed 163 adult patients with TA, including 61 cases with HF. During a median follow-up period of 887 days, all 11 fatal cases were in the HF group. AHF is less common but more malignant than chronic HF in TA patients. Fan et al. (14) reported five children with TA complicated with AHF, of which two patients had improved, two died, and one was lost to follow-up. Our case with AHF due to severe stenosis of descending aorta failed to all treatments and succumbed to his disease.

PH is another serious complication of TA, and the incidence rate is approximately 0%–17.8%. PH occurs because of (i) precapillary causes, such as pulmonary disease, chronic hypoxia, and chronic thromboembolic disease, and (II) postcapillary causes, such as left heart disease, aortic regurgitation, or disease associated with pulmonary arteritis (15, 16). PH is mostly asymptomatic clinically, while some patients may present with dyspnea, decreased activity tolerance, low oxygen saturation, occasional pulmonary hemorrhage, and, in severe cases, hemoptysis and HF (15). In our case, he presented with cough, chest tightness, shortness of breath, hemoptysis with persistent lower LVEF, and high NT-proBNP but without pulmonary artery involvement in CTA. It indicated that the refractory PH and hemoptysis may be secondary to left heart failure/dysfunction as a result of severe stenosis or complete occlusion of the descending aorta.

The patient developed seizure with abnormal cranial MRA and T2 FLAIR images on day 99. Seizures may be caused by stroke, hypertensive encephalopathy, posterior reversible encephalopathy syndrome (PRES), and other reasons. Neurological symptoms in TA are usually associated with decreased blood flow due to steno-occlusive lesions and/or shifting of the blood flow (steal) (17, 18). PRES is extremely rare in TA. The mechanism of PRES is not fully understood but may be related to the blood–brain barrier disruption with fluid transudation caused by high BP (19). In our case, the patient received long-term intravenous methylprednisolone and several IVMP and suffered from persistent hypertension. Seizures may be related to both hypertension induced PRES and narrowed lumen of arteries according to imaging findings.

The EULAR recommendations for the management of TA included glucocorticoids and conventional synthetic disease-modifying antirheumatic drugs, followed by TCZ or TNF-inhibitors (20). In our case, TCZ at the first hospitalization led to a slight transient improvement. However, his HF worsened with increased aortic stenosis and complete occlusion of the descending aorta despite five doses of TCZ. Changing TCZ to a TNF-inhibitor (infliximab) also failed to reverse the condition. Our case indicated that efficacy of biologics was poor in TA with severe stenosis or occlusion of aorta induced HF. As aortic obstruction may contribute to aggressive HF, which could result in death from cardiopulmonary failure, a desperate final attempt to reverse the clinical course was made with surgical intervention.

Previous studies revealed that surgery was helpful to relieve vascular obstruction in patients with severe ischemia of vital organs and limbs, intractable hypertension, and refractory HF (20, 21). Although in most cases surgery is beneficial, it is always accompanied by risks (Table 1). Two of five cases of juvenile TA complicated with HF survived with surgery (14). An 8-year-old patient with TA who underwent surgical treatment for the complication of aortic occlusion and HF was stable with 10 years of follow-up (22). Nakata et al. (9) reported that a 1-year-old girl with TA-induced long-segment occlusion of the distal thoracic aorta developed cardiogenic shock but survived after surgery. However, another case of a 3.5-month-old boy with TA died after surgery (10). In general, surgical intervention should not be performed until TA patients reach an inactive state with normal ESR, CRP, and stable imaging (23). In most TA patients, increased ESR and CRP correlated with active disease status. However, about 20% of TA patients have normal laboratory parameters despite having active disease (24). There was evidence that the disease activity significantly might increase the risks of anastomotic dehiscence or restenosis (25). This issue makes it difficult for the clinicians to determine the optimal time in surgical intervention. In our case, given the progressive HF and associated decline in renal function, balloon angioplasty and catheter-directed thrombolysis with urokinase and heparin were done in a desperate final attempt to save his life. Unfortunately, the boy died 6 days after surgery. This case suggested that TA with severe HF due to severe aortic stenosis and occlusion had very poor prognosis. The optimal time for surgical intervention remains problematic.


TABLE 1 Review of surgical modalities and outcomes in juvenile Takayasu arteritis involving aorta.

[image: Table 1]

In summary, TB infection may be related to juvenile TA. It is a must to investigate early in all TA, even if there are no signs or symptoms, especially in TB-endemic countries. TA patients with aggressive AHF due to severe aortic stenosis and thrombosis have a poor prognosis, and biologics are of limited efficacy. Our case pointed out that timing of surgical intervention with balloon angioplasty and catheter-directed thrombolysis may be critical in disease outcome, but it is extremely difficult to pinpoint when the optimal time may be. More studies are needed to better address this issue.
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Case report: A novel surgical technique for rapid valve-in-ring implantation into the native aortic annulus during left ventricular assist device implantation
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The implantation of a left ventricular assist device (LVAD) has become an essential requirement for managing patients with end-stage heart failure. However, aortic valve insufficiency is a contraindication for LVAD implantation in patients with end-stage heart failure, partly because of the decreasing efficiency of mechanical circulatory support and the eventual development of right ventricular failure. Herein, we present the first case of performing transcatheter aortic valve replacement in valve-in-ring along with LVAD implantation for the treatment of a 60-year-old male suffering from refractory heart failure due to dilated cardiomyopathy and pure aortic insufficiency in need of a new aortic bioprosthesis. A balloon-expandable bioprosthetic transcatheter heart valve was implanted into a previously sewn annulus ring into the aortic root via transaortic access. Subsequently, a centrifugal-flow LVAD was implanted. Postoperatively, the patient was in New York Heart Association Functional Class (NYHA) II with 6-min walk test of 310 m. The patient has completed 6 months of follow-up with no events. This novel and feasible surgical technique reduced the cardiopulmonary bypass time and duration of surgery. Furthermore, it avoids the risk of redo sternotomy and decreases the chances of paravalvular leakage and worsening of aortic regurgitation.
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1. Introduction

In patients with end-stage heart failure who are refractory to medical treatment and non-definitive surgical management, left ventricular assist device (LVAD) is an effective alternative to heart transplantation, especially with limited donor availability (1, 2).

Recent studies show that continuous flow LVADs can improve the survival of end-stage heart failure patients and have been in current clinical use as a destination therapy or as a bridge-to-transplant (1–3). However, the use of LVAD has been reported to cause aortic insufficiency (AI), as early as 6 months, requiring continuous hemodynamic monitoring of the aortic valve (AV) post implantation (1, 3). The pathophysiology of this LVAD-associated AI is partly related to the impact of the LVAD, causing degenerative changes and remodeling of the AV (4, 5). In addition, the following AV hemodynamic abnormalities have been implicated in LVAD-associated AI: (i) reduced AV opening, (ii) local flow stasis, (iii) high shear stress, (iv) inversion of the transvalvular pressure gradient, and (v) pancyclic pressure gradient (4). LVAD implantation also induces anatomical alterations, such as retraction and aortic cusp malcoaptation, fibrosis, and aortic wall remodeling, which ultimately lead to AI (5). Surgical repair is the only option in such cases, and AV closure (AVC) or replacement (AVR) are considered safe and reliable for treating conditions that could lead to right ventricular failure (5–7).

The surgical repair of the AV in the context of LVAD-associated anatomical remodeling generally includes ring annuloplasty (8). However, reports show that AV regurgitation can develop even after AV repair within a few months of LVAD implantation with concomitant annuloplasty (3, 8, 9). Hence, concomitant AVR with ring annuloplasty during LVAD implantation has been adopted and reported with feasible outcomes (8, 9). Minimizing or mitigating the risks associated with the surgical settings, in addition to increased cardiopulmonary bypass time, is highly desirable. In lieu of such challenges, transaortic transcatheter aortic valve replacement (TAVR) has been considered a suitable treatment, which aids in preventing ischemia at the cross-clamping site. The increased evidence of positive clinical outcomes of TAVR with improved transcatheter heart valve (THV) designs, especially for highly comorbid patients with a high-surgical-risk status, has encouraged more clinicians to consider its use for the management of severe aortic regurgitation (AR) patients, including those with AI (10).

We present a novel technique that combines the implantation of a THV with a newly attached annuloplasty ring, valve-in-ring (ViR) followed by concomitant LVAD implantation. In this method, THV deployment is performed through the transapical route before LVAD implantation; we used a balloon-expandable biological transcatheter valve prosthesis, Myval THV (Meril Life Sciences, Pvt. Ltd., India). This Conformité Européenne (CE)-marked THV is composed of a cobalt alloy (MP35N) frame with a hybrid honeycomb cell design. This case report presents the novel surgical technique that modifies and improves upon the previous techniques of AV repair.



2. Case report

A 60-year-old male with refractory heart failure due to idiopathic dilated cardiomyopathy [New York Heart Association Functional Class (NYHA) III., INTERMACS IV] was admitted to our institution. The patient had a history of heart failure since 2012 that was treated by implanting a cardiac resynchronization therapy defibrillator (CRT-D) in 2012 and pulse generator replacement in 2017. Echocardiography demonstrated a very low left ventricular ejection fraction (LVEF) of 23%, dilated left ventricle with end-diastolic volume of 424 ml and an elevated left ventricular end-diastolic diameter (LVEDD) of 8.7 cm, severe mitral regurgitation (MR), and mild to moderate eccentric AI (Figure 1). The etiology of dilated cardiomyopathy was confirmed as idiopathic after ruling out the common causes. In view of nonavailability of donors and long waiting period for transplant, LVAD was considered in this patient as a bridge-to-transplant. The patient's clinical profile suggested his candidature for LVAD implant with concomitant AVR; hence, the patient was recommended for the same. Preoperative multislice computed tomography (MSCT) analysis was performed to assess the feasibility for a transfemoral procedure using the Structural Heart v.10.3 software (NRCSC). MSCT analysis revealed, the aortic annulus area was 702.1 mm2, area-derived annular diameter was 29.9 mm, annular perimeter was 96.5 mm, and the right and left coronary artery heights were 15.4 and 13.3 mm, respectively (Supplementary Figures S1 and S2). The aortic root analysis was validated using the 3mensio software (Pie Medicals, Netherlands) at an independent Core lab (TAVI Core Lab, Meril Life Sciences Pvt. Ltd., India).


[image: Figure 1]
FIGURE 1
Transesophageal echocardiographic long access view of the aortic valve showing aortic regurgitation jet (yellow arrow).



2.1. Surgical procedure

The surgery was carried out using median sternotomy under cardiopulmonary bypass support with aortic cross-clamping after inducing cardioplegia. The pericardium was cut open and by oblique aortotomy, the aortic leaflets were excised and the valve was exposed. The basal attachment of AV leaflets was sewn using an Ethibond 2/0 suture (Johnson & Johnson Medical N.V., Belgium) to the ventricular myocardium (Valvar Hinge) using three stitches, each leaflet bearing one stitch. A flexible annuloplasty ring [CARBOMEDICS AnnuloFlex TM32 flexible ring (Sorin Group Italia S.r.L., Italy)] was fixed with the native annulus using the same stitches to provide a sturdy base for valve replacement, as illustrated in Supplementary Figure S3 (11) and in Figure 2.


[image: Figure 2]
FIGURE 2
(A) Native annulus stitching with 2/0 Ethibond sutures (green arrow). (B) Carbomedics Annuloflex flexible ring #32 stitching (green arrow). (C) Carbomedics Annuloflex ring #32 positioning and fixation (green arrow).


Thereafter, the extra-large size (30.5 mm) of the balloon-expandable THV was deployed such that it provides a coverage of 70% aortic root and 30% left ventricular outflow tract (LVOT). The balloon-expandable THV was dilated using the Navigator THV Delivery System filled with a nominal volume of 36 ml saline, as shown in Figure 3. The deployment was performed according to the manufacturer's instructions. Subsequently, the aortic cross-clamp was removed and the Navigator THV Delivery System was retracted. The total cross-clamping time was 15 min.


[image: Figure 3]
FIGURE 3
(A) Deployment of the 30.5 mm Myval THV (green arrow) positioning into the ring (yellow arrow). (B) Deployed THV (green arrow). THV, transcatheter heart valve.


After a successful TAVR, the HeartMate 3™ LVAD (Abbott Vascular, United States) was implanted (Figure 4) through the standard apical to ascending aorta approach.


[image: Figure 4]
FIGURE 4
Implantation of HeartMate 3™ LVAD, LVAD HM3 outflow graft (green arrow), and LVAD HM3 driveline cable (yellow arrow). LVAD, left ventricular assist device.




2.2. In-hospital outcomes

The patient was removed from cardiopulmonary bypass after 100 min and operative time (measured as skin-to-skin time) was 190 min. As a result, the patient was extubated 4 h later and stayed in the ICU for 1 day. The patient was discharged and taken to the rehabilitation department 3 days after the surgery. Postoperative echocardiography and fluoroscopy results confirmed the adequate valve positioning without any transvalvular or periprosthetic regurgitation, as shown in Supplementary Figure S4. Postoperatively, the patient was in NYHA II with a 6-min walk test of 310 m. Currently, the patient has completed 6 months of follow-up with no events.




3. Discussion

In this case, a concomitant annuloplasty and implantation of a transcatheter AV were performed along with LVAD placement in a patient having stage D heart failure with reduced ejection fraction (23%). Despite the hybrid procedure, we achieved satisfactory procedural outcomes with no device-related or procedure-related complications including deployment failure or postoperative residual AR. In this case, we performed the first ever direct transaortic TAVR using balloon-expandable THV into a newly sewn flexible annuloplasty ring (ViR) on the native AV annulus during the LVAD implantation procedure. The considerable decrease in ischemia time is the key benefit of this new procedure. This technique resolves the issues of late severe AR associated with LVAD implantation, including the risks of redo sternotomy after LVAD, and retains the structural suitability for a possible need of future TAVR. In addition, the availability of extra-large sizes (30.5 and 32 mm) of this balloon-expandable THV enabled better size selection, given that if these sizes were not available, the 29 mm THV would have been used although being excessively oversized, which might not have generated optimal outcomes.

The selection of the treatment modality is a complex decision, as there is a lack of consensus regarding the optimal management of LVAD-related AR. Chung et al. performed ViR implantation in a patient with severe LVAD-associated AR who received a self-expanding AV bioprosthesis and reported excellent post-procedural hemodynamic outcomes. This case report offers encouraging evidence for considering the suitability of TAVR at a later stage following LVAD implantation in such critical heart failure patients (9). Dranishnikov et al. performed simultaneous AVR and LVAD implantation in 19 patients, in whom they reported longer cardiopulmonary bypass times for AVR cases using biological AV with prior LVAD, compared to patients with LVAD alone (12). They also stated that simultaneous AVR with LVAD implantation does not worsen the prognosis (12), which provides considerable impetus to performing concomitant AVR with LVAD implantation for treating stage D heart failure patients with AI (12). The use of a bioprosthetic AV in cases of LVAD-associated AI has been reported with acceptable perioperative and early (30-day) outcomes (9, 12, 13). Hence, a bioprosthetic, balloon-expandable THV was used for the ViR technique as a potential solution in our case.

Rapid deployment (RD)-AVR and TAVR have a shorter cross-clamping time and an overall procedural time, which minimizes the risk of intraoperative myocardial ischemia (5, 14, 15). Rahmanian et al. examined 163 patients undergoing RD-AVR and reported the mean cross-clamping and cardiopulmonary times as 55 ± 23 and 88 ± 38 min respectively, which were relatively lesser than those of the control group (77 ± 22 and 105 ± 38 min), respectively, whereas in-hospital mortality rates of both the RD-AVR and control groups were similar [1.8%, (n = 3/163); p = 1.000] (16). Similar outcomes were reported by White et al., who retrospectively observed patients undergoing RD-AVR and conventional AVR (295 patients in each group). Their key findings were as follows: (i) reduced cross-clamping (73.8 ± 37.5 and 107 ± 14.9 min) and procedural times (3.4 ± 1.0 and 3.7 ± 0.5 h); (ii) higher rates of new permanent pacemaker implantation leading to longer hospital stay in the RD-AVR group (∼7%); and (iii) similar rates of early myocardial infarction, stroke, and early mortality in both groups (17). Holloway et al. performed RD-AVR using a 23-mm Edwards INTUITY valve (Edwards Lifesciences, Irvine, CA, United States) in an AI patient undergoing concomitant LVAD implantation (14). In the case-series reported by Gangahanamaiah and Marasco (18), RD-AVR was performed using the Perceval valve (LivaNova, London, United Kingdom).

Overall, though RD-AVR is considered a safe treatment for end-stage heart failure, it is more expensive. Moreover, performing RD-AVR using balloon-expandable valves has not shown feasibility yet, since the newly inserted AV prosthesis exerts excessive radial force on the LVOT, which leads to the need for permanent pacemaker (18, 19). Moreover, a higher mortality rate has been reported for AV closure + repair with LVAD, compared to AVR with LVAD (6). AV repair in LVAD-assisted surgery fails if TAVR is required in future. To overcome these case-specific challenges, an initial ring annuloplasty to repair the AV with LVAD was performed by Chung et al. which allows the prospects of a subsequent ViR TAVR procedure (9).

The use of a balloon-expandable biological THV in the cases of LVAD failure-associated AI has rarely been reported, particularly for aortic ViR procedures. We believe that more data should be accumulated from high-volume cardiology centers by surgeons who may consider using this technique to perform aortic ViR procedures in LVAD recipients having AR and/or AI to understand the clinical effectiveness of this technique.


3.1. Limitations

There are a few limitations of this technique. The first is the absence of a specific aortic annulus ring constructed for this procedure, which might affect the stabilization of the aortic annulus or may not achieve the leaflet coaptation. The second is that our novel technique may not be suitable for treating congenital malformations of the aortic root, such as bicuspid aortic valve or Marfan syndrome.



3.2. Future directions

Patients with end-stage heart failure have limited treatment options and experience aortic valve dysfunction/insufficiency post-LVAD implantation. Furthermore, paucity of the literature on balloon-expandable valves provides an opportunity to investigate the field and afford patient-specific treatment options, if necessary. This cutting-edge technique offers a breakthrough for high-risk, younger patients and may serve as a potential platform for future interventions. In addition to dealing with aortic insufficiency, balloon-expandable valves also lower the need for a permanent pacemaker and improve hemodynamic outcomes, as seen in this case. This novel and feasible surgical technique shortens the ischemia time, avoids the risk of redo sternotomy, reduces the possibility of paravalvular leakage, and prevents the progression of aortic regurgitation.




4. Conclusion

This novel technique of direct transaortic transcatheter valve-in-ring with LVAD implantation can be considered in elderly, high-risk heart failure patients, particularly those with prior cardiac surgeries, complex valvular anatomy, and poor ejection fraction. Planning and execution of preoperative and perioperative strategies must be combined with vigilant postoperative management of an LVAD patient. The key benefit of this new procedure is that it enables the surgeons to reduce the ischemia time. Furthermore, the issues of late severe AR associated with LVAD implantation and redo sternotomy are resolved. The valve anatomy is maintained, thus allowing the possible scope for a future TAVR after LVAD if necessary, and decreasing the risk associated with multiple cardiothoracic surgeries and improving patient prognosis.
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Annulus (A) and Left (B) ventricular outflow tract measurement by multidetector row computed tomography. The resulting annular plane is seen.
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The heights of right (A) and left (B) coronary artery from basal plane measurement by multidetector row computed tomography.
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Pictorial representation of Ethibond sutures with flexible ring[11].
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A- Transcatheter heart valve leaflets (yellow arrow); Color Doppler with no signs of PVL; B- Annular ring (yellow arrow); Transcatheter heart valve (green arrow); Left ventricular assist device (blue arrow).
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Case report: Aortoesophageal fistula—an extremely rare but life-threatening cardiovascular cause of hematemesis
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Aortoesophageal fistula (AEF) is an extremely rare cardiovascular etiology of hematemesis and upper gastrointestinal bleeding. As such, its recognition and diagnosis are challenging and may be delayed when such patients present to the emergency department (ED). Without timely surgical intervention, AEF is almost always fatal. Awareness of AEF as a possible diagnosis and consequently early identification of these patients presenting to the ED are therefore crucial in optimizing clinical outcomes. We report a 45-year-old male presenting to the ED with the classical triad of an AEF (Chiari's triad)—midthoracic pain or dysphagia, a sentinel episode of minor hematemesis, then massive hematemesis with risk of exsanguination. The case report highlights the importance of considering the differential diagnosis of AEF when evaluating patients presenting to the ED with hematemesis, especially if they have predisposing risk factors such as prior aortic or esophageal surgeries, aortic aneurysms, or thoracic malignancies. Patients suspected of having AEF should be prioritized for early computed tomography angiography to expedite diagnosis and treatment.
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Introduction

Gastrointestinal bleeding is a common presentation seen in the emergency department (ED). Upper gastrointestinal bleeding (UGIB), in which the source of bleeding is proximal to the ligament of Treitz, accounts for approximately 70%–80% of all gastrointestinal hemorrhages (1). UGIB typically manifests as hematemesis, occasionally accompanied by hematochezia and melena. Since peptic ulcer disease (i.e., non-variceal) and esophageal varices represent the vast majority of UGIB etiologies, the possibility of vascular abnormalities is often overlooked (2).

One such rare vascular etiology causing hematemesis is aortoesophageal fistula (AEF). AEFs can be classified as primary or secondary. Primary AEFs directly originate from the native aorta due to various circumstances such as aortic aneurysm (54.2%), foreign body ingestion (19.2%), and advanced esophageal carcinoma (17.0%), in addition to radiotherapy and infections (e.g., syphilis, tuberculosis); secondary AEFs are sequelae of prior vascular interventions such as thoracic aortic or esophageal surgeries (4.7%) and graft placement (3, 4). We report a patient with underlying esophageal cancer who presented to the ED with hematemesis and was subsequently diagnosed with a primary AEF.



Case report

A 45-year-old Chinese male with underlying recently diagnosed squamous cell carcinoma of the esophagus (stage T4bN2M0) presented to the ED with frank hematemesis. He was hypotensive (blood pressure 95/51 mmHg) and tachycardic (pulse rate 129 beats/min) on ED arrival, while point-of-care full blood count revealed gross anemia (Hb 3.6 g/dl). The patient was resuscitated accordingly with intravenous fluid boluses pending activation of a massive transfusion protocol. He was also treated for the provisional diagnosis of UGIB secondary to bleeding esophageal tumor with tranexamic acid and proton pump inhibitors. The other hematological and biochemical blood investigations returned normal. Further review of his past medical records revealed that the patient had just completed his first cycle of concurrent chemoradiotherapy a month prior, with the initial tumor staging imaging studies showing no tumor invasion of the adjacent vascular structures.

The patient was transfused with 6 units of packed cells in the ward. There was a symptom-free latent interval of 6 h, until the patient developed another bout of hematemesis and suffered a cardiovascular collapse while awaiting esophagoduodenoscopy. Cardiopulmonary resuscitation was performed in accordance with Advanced Cardiac Life Support protocols. He eventually achieved a return of spontaneous circulation after 36 min but required intubation and inotropic support. The patient was transfused with another 6 units of packed cells and 12 units of fresh frozen plasma. Computed tomography angiography (CTA) thereafter demonstrated an AEF with aortic pseudoaneurysm, as well as massive contrast extravasation at the distal esophagus suggestive of an active hemorrhage (Figures 1, 2). Yet another 6 units of packed cells, 6 units of fresh frozen plasma, and 12 units of platelets were transfused. Nevertheless, he finally succumbed to recurrent hematemesis leading to fatal exsanguination before definitive surgical intervention could be performed (9 h post herald bleed).


[image: Figure 1]
FIGURE 1
Axial computed tomography angiography of arterial (A) and venous (B) phases at two different levels below the carina, demonstrating a descending aortic pseudoaneurysm (black arrow) protruding into the esophagus (with a nasogastric tube in situ) through an aortoesophageal fistula (evidenced by direct communication of esophagus and aorta). There is a progressive increase in amount of contrast material (white arrow) in the esophagus, indicating rupture of the pseudoaneurysm and active bleeding.



[image: Figure 2]
FIGURE 2
Coronal (A) and sagittal (B) maximum intensity projection images from computed tomography angiography show a descending aortic pseudoaneurysm (black arrow) at the level of the aortoesophageal fistula, complicated with rupture and contrast material extravasation (white arrow) into the esophagus (with a nasogastric tube in situ).




Discussion

AEF is an extremely rare cardiovascular etiology of hematemesis and UGIB. As such, its recognition and diagnosis are challenging and may be delayed when such patients present to the ED. Without timely surgical treatment, AEF is almost always fatal; even with surgical intervention, AEF patients face a high mortality rate of 77% (5). Awareness of AEF as a possible diagnosis and consequently early identification of these patients presenting to the ED are therefore crucial in optimizing their clinical outcomes.

On retrospective review of our patient's clinical course, his progression illustrates the classical triad of an AEF (Chiari's triad)—midthoracic pain or dysphagia, a sentinel episode of minor hematemesis, and a symptom-free interval followed by fatal exsanguination due to recurrent hematemesis. The symptom-free interval during which there is spontaneous cessation of hematemesis has been described in up to 80% of AEF patients (6). In our case, this latent interval lasted approximately 6 h, possibly attributable to the transient occlusion of the AEF via a combination of periaortic hematomas, intravascular hypotension, and arterial wall spasm (7).

CTA is the investigation modality of choice to confirm the diagnosis of AEF, as it can objectively demonstrate contrast extravasation. OGDS may be useful in excluding other common causes of UGIB, as well as revealing a bulging pulsatile lesion or submucosal hematoma via direct visualization that is suggestive of bleeding into the esophageal wall (8, 9). Nevertheless, esophagoduodenoscopy can be hazardous due to the risk of dislodging the occluding periaortic hematoma responsible for hemostasis and precipitating fatal hemorrhage (10–12).

Clinicians should keep in mind that the diagnosis of AEF is possible in patients presenting with hematemesis to the ED, especially if they have underlying risk factors of previous aortic surgery, aortic aneurysms, and thoracic cancer. Patients suspected to have AEF can be prioritized for CTA to clinch the definitive diagnosis, and subsequent arrangements for surgical interventions can be expedited. While an earlier CTA may or may not have improved the survival chances of our patient, establishing the diagnosis quickly would have been beneficial in allowing our ED team to counsel the patient's family regarding his prognosis accordingly—in recognition of this, our ED now prioritizes CTA over esophagoduodenoscopy in patients who present with frank hematemesis and concurrently have known risk factors for AEF (aortic aneurysm, foreign body ingestion, and advanced esophageal carcinoma).

The definitive treatment of AEFs is usually a combination of aortic (thoracic endovascular aortic repair, graft replacement, graft repair) and esophageal (esophagectomy, esophageal stent, esophageal repair) surgeries (13). In the acute setting of massive hematemesis, the Sengstaken-Blakemore tube (SBT) has been reported to be effective in securing hemostasis via the gastroesophageal balloon's tamponade effect, to buy time for definitive surgery (7, 14). Nevertheless, deploying the SBT is not without its complications, such as aspiration pneumonitis, airway obstruction, mucosal ulceration, esophageal perforation, and broncho-esophageal fistulas (15–17).

Surgical treatment options of AEF include open surgery and thoracic endovascular aortic repair (TEVAR); the latter is a minimally invasive technique which deploys an endoluminal aortic stent to rapidly control the bleeding with a favorable 30-day mortality rate of 27.5% (18, 19). TEVAR however does not address the esophageal lesion in AEFs, which may form a nidus for infections and subsequently lead to stent graft infection, mediastinitis, sepsis, re-hemorrhage, and stroke (20, 21). In contrast, open surgery allows for the debridement of infected mediastinum and esophageal repair in addition to aortic wall reconstruction; the trade-off is a high operative mortality rate of up to 55% (22). Combining TEVAR as bridging therapy with follow-up definitive open repair has been found to yield the lowest mortality rate at 25% (19), though esophageal cancer patients like ours may benefit more from palliative esophageal stents with survival of up to 8 months (23).



Conclusion

AEF is a rare and life-threatening cardiovascular cause of UGIB. It should be included in the list of differential diagnoses when evaluating patients presenting to the ED with hematemesis, especially if they have predisposing risk factors such as prior aortic or esophageal surgeries, aortic aneurysms, or thoracic malignancies. Patients suspected of having AEF should be prioritized for early CTA to expedite the diagnosis. Minimally invasive procedures such as SBT or TEVAR are pivotal to achieve initial hemostasis, which should be followed by definitive open surgery once the patient is stable.
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A 58-year-old patient was admitted to the emergency department due to severe respiratory insufficiency. Anamnesis revealed that the patient had experienced increasing stress dyspnea for a few months. Upon imaging, an acute pulmonary embolism was excluded, but peribronchial and hilar soft tissue proliferation with compression of central parts of the pulmonary circulation was found. The patient had a history of silicosis. The histology report showed tumor-free lymph node particles with prominent anthracotic pigment and dust depositions without evidence of IgG4-associated disease. The patient was administered steroid therapy and underwent simultaneous stenting of the left interlobular pulmonary artery and the upper right pulmonary vein. As a result, a significant improvement in symptoms and physical performance was achieved. The diagnosis of inflammatory or, in particular, fibrosing mediastinal processes can be challenging and important clinical symptoms must be taken into account, especially if the pulmonary vasculature is involved. In such cases, the possibility of interventional procedures should be examined in addition to drug therapy options.
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1. Introduction

Inflammatory and especially fibrosing mediastinal processes can lead to significant differential diagnostic challenges and key clinical symptoms, especially if pulmonary vascular involvement is present (1–4). In cases of definitively confirmed pulmonary arterial and/or venous stenosis, it is important to clarify whether interventional procedures are an option in addition to drug therapy (5–7).

The following case description reveals the chameleon-like clinical symptoms of an extremely rare case of simultaneous pulmonary artery (PA) and pulmonary vein (PV) stenosis as a result of silicosis, the considerable challenges in confirming the diagnosis, and the currently existing therapeutic options for the treatment of pulmonary vascular co-involvement in fibrosing mediastinal diseases.



2. Case description

In June 2020, a 58-year-old patient with known history of silicosis first presented due to increasing dyspnea under stress. The blood gases in the referring clinic showed hyperventilation and hypoxemia (pH 7.47, pCO2 32 mmHg, pO2 52 mmHg). Upon imaging, consolidations were detected in the lower and middle lobes of the right lung as well as in the upper lobe of the left lung, which were initially interpreted as a result of a possible previous infection.

Due to severe dyspnea (RR 29/min) with persistent hypoxemia under low-flow oxygen and now manifest hypercapnic respiratory insufficiency (PaCO2 66 mmHg, pH 7.23) high-flow oxygen therapy (HFNC) with intermittent non-invasive ventilation (NIV) was initiated. ECG showed sinus tachycardia (103 bpm) with normal axis. There was also no indication of IgG4-associated disease. There was no improvement with antibiotic therapy, so that under the suspicion of exacerbated inflammatory lung disease, steroid therapy (initially 1 g/day for 3 day followed by 1 mg/kg/day) was initiated along with diuretic therapy due to a tendency for peripheral edema in connection with known hypertensive heart disease. These measures led to an impressive improvement of the respiratory and clinical situation and normalization of blood gases when breathing room air; under these conditions, the 6-min walking distance was 400 m without ventilatory insufficiency or hypoxemia. The lung function test showed an obstructive respiratory disease (FEV1/FVC 56%, FEV1 57%-pred., Reff 128%-pred.), the diffusion capacity for carbon monoxide was reduced (53%-pred.).

In August 2020, a follow-up thoracic CT scan showed a complete regression of basal consolidations in the right lower lobe and clear regression of the remaining inflammatory changes. Steroid therapy was continued at 50 mg/day, reduced in dose over time, and discontinued in October 2020 (see timeline, Figure 1 and Table 1).


[image: Figure 1]
FIGURE 1
(A) Cardio-pulmonary exercise data. Grey bars before and green bars after intervention in 3/2021; (B) data from a) with the addition of AaDO2 at 80 Watt (maximal power achieved at the pre-interventional cardio-pulmonary exercise test).



TABLE 1 Case reports without interventions.
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3. Further diagnostic assessment, treatment, and clinical course

In December 2020, the patient again developed progressive exercise dyspnea with a productive cough and fatigue. Blood gas analysis showed hypoxemic respiratory insufficiency (pH 7,48, PaO2 50 mmHg, PaCO2 32 mmHg). Body plethysmography revealed an irreversible moderate obstructive ventilation disorder with reduced diffusion capacity (DLCO 60%-pred.).

Echocardiography revealed that systolic pulmonary arterial pressure was increased to 65 mmHg. Cardiopulmonary exercise testing (CPET) (Figure 1) showed a limited load (79 W, 60% of normal) as well as reduced ventilatory capacity, deconditioning, a pseudorestrictive breathing pattern, and abnormal diffusion with an AaDO2 of 50.3 mmHg, characteristic of pulmonary vasculopathy. Scintigraphy showed reduced perfusion in both lungs. There was no evidence of PA embolism in angio-CT scans of the thorax, but there was a compression of central regions of the left pulmonary arterial tree, with soft tissue proliferation on both sides, hilar and peribronchial (Figure 2), largely identical to the first imaging results from June 2020. Also striking was a compression-related concentric high-grade stenosis of the outflow portion of the left lower lobe artery, a moderate compression of the bronchus intermedius and the lower lobe bronchus, and a rupture of the middle lobe bronchus.


[image: Figure 2]
FIGURE 2
Preinterventional computed tomography showing perihilar soft tissue proliferation circumferentially located around the right main stem bronchus (red arrows).


Rigid bronchoscopy with endobronchial ultrasound (EBUS) revealed extensive peribronchial compactions walling in surrounding tissue without recognizable boundaries as well as calcifications in the lymph nodes. Macroscopically, the biopsies were anthracotic. Histology revealed tumor-free lymph node particles with prominent anthracotic pigment and dust depositions. There were practically no positively labeled cells upon staining of MUM 1 as a marker of plasma cells or B cells. A conspicuous proliferation of IgG- or IgG4-positive plasma cells could be ruled out.

To further clarify the suspected vascular compression with consequent reduction of perfusion, selective pulmonary angiography supplemented by high-resolution angio-CT of the thorax was performed. The compression-related stenosis of the left lower lobe artery was confirmed, and stenosis of the right upper PV was also detected. Furthermore, a segmental pulmonary embolism was observed in the region of the right lower lobe. Moderate precapillary pulmonary hypertension with a PAm of 27 mmHg, pulmonary capillary wedge pressure of 4 mmHg, and a PVR of 4.4 WU was detected using right heart catheterization. Under load (40 W) there was a significant increase in PAm to 61 mmHg and in PVR to 5.1 WU.

Under renewed steroid therapy, simultaneous percutaneous intervention on the left interlobular PA and the right upper PV was carried out on March 11, 2021, by means of balloon dilatation and stent insertion (Figure 3): the left interlobar pulmonary artery was stented using an AndraTex Optimus CoCr Stent (L in 12 × 23 mm) after predilatation with Medtronic Admiral Xtreme 8.0 × 40 mm and 10.0 × 40 mm balloons. The right upper pulmonary vein was stented using a Cordis Palmaz Genesis (9 × 17 mm) after predilatation with a Cordis Powerflex Pro (6 × 20 mm). Post-procedural results were documented with selective angiography. Post-intervention the patient developed reperfusion edema of the left lower lobe of the lung that was quickly brought under control by NIV and negative fluid balance. A three-month dual anti-platelet therapy and oral anticoagulation (for 3 months at reduced dosage) were prescribed. Steroid therapy was gradually reduced to <5 mg/day. In the clinical course up to September 2022, CPET (Figure 1) showed increasing improvement in findings with significantly increased resilience (138 W, 92% normal), a decrease in diffusion disturbances, and an improved respiratory efficiency compared to the CPET before PA- and PV-stenting and the follow-up CPETs in 2021. Echocardiographically a normalization of PA pressure was seen.


[image: Figure 3]
FIGURE 3
Intervention on the left interlobular pulmonary artery with high-grade stenosis before (A) and good flow after (B) stent insertion. Intervention on the highly stenosed upper right pulmonary vein (C) with good outflow after stent insertion (D).




4. Discussion

The present case report is the first description of simultaneous, successful stenting of concurrent stenosis of a pulmonary artery and vein with pulmonary hypertension in the context of mediastinal fibrosis with lymph node enlargement due to silicosis with anthracofibrosis. A similar stenting of pulmonary artery and vein stenosis in mediastinal fibrosis caused be Histoplasmosis was already described in 2001 by Doyle et al. (27). The diagnosis of vascular stenosis resulting from mediastinal fibrosis in the setting of silicosis is supported by the known occupational load, the bronchoscopically visible anthracotic mucosal changes, the CT findings with lymph node enlargement, including calcifications, and the histological changes with evidence of prominent anthracotic pigment and dust depositions as well as exclusion of other causes.

Initially, the pronounced clinical symptoms—swelling of the bronchial mucosa as is characteristic of anthracosilicosis, detection of infiltrates in the right lower lobe, and acute hypoxemic and hypercapnic insufficiency—were interpreted as signs of pneumonia complicated by cardiac decompensation with simultaneous pulmonary hypertension, especially since there was significant clinical improvement with diuretic therapy and non-invasive ventilation as well as complementary steroid therapy. Retrospectively, and with knowledge of the pulmonary vascular status, the transient respiratory deterioration and the pronounced bronchial mucosal thickening and bronchial stenosis can be explained by the impairment of pulmonary perfusion as well as intermittent pulmonary congestion as a result of PV stenosis. Similar findings for pulmonary hypertension, pulmonary venous congestion, and occasionally also additional pleural effusions and hemoptysis have already been described in connection with pulmonary vascular stenosis, mainly in the context of fibrosing mediastinitis (19, 20, 28–31). Wang et al. describe the dyad, triad, and tetralogy of pulmonary hypertension in fibrosing mediastinitis (PH-FM), which can even be seen in a chest radiograph. The FM dyad includes predominant main PA and lobe atelectasis. FM triad refers to the FM dyad plus pleural effusion or pulmonary congestion/interstitial pulmonary edema. FM tetralogy includes the mentioned 4 signs (9). Clinical indications of relevant stenosis of the pulmonary arteries were found in the CT of the thorax by the increasing vascular rarefication of the left lower lobe of the lung and the accordingly reduced perfusion in the scintigram. Pulmonary venous stenosis could only be diagnosed using pulmonary angiography and a supplementary high-resolution CT with appropriate contrast agent administration. This underlines the importance of employing high-quality and differential diagnostics for the assessment of pulmonary vascular involvement.

With differential diagnosis it is possible to essentially exclude fibrosing mediastinitis in undefined mediastinal processes. This is a rare disease caused by extensive fibroinflammatory changes with compression of vessels, especially the pulmonary vessels and the superior vena cava but also in individual cases the coronary vessels and esophagus (1, 2, 5, 15), that is characterized by a potentially lethal course. In most cases, fibrosing mediastinitis is infection associated (mostly histoplasmosis, occasionally in tuberculosis, coccidioidomycosis), non-infection associated (e.g., sarcoidosis, IgG4-related, silicosis), iatrogenic (e.g., radiotherapy, chest surgery) disease or it is idiopathic (3, 7, 9, 13, 15, 23, 32–34). In addition, further manifestations of multifocal fibrosis may be present (1).

The initially successful steroid therapy was suggestive of a steroid-sensitive, IgG4-associated disease; on the other hand, positive effects of steroids are also described that are independent of IgG4 (1, 2, 15). However, there were no clear indications, in particular serological or histological, in the present case. Here, the silicotic changes were particularly impressive.

In the present case, only the interventional treatment of vascular stenosis by means of stent implantation in the pulmonary artery and vein proved to be effective, both acutely and in the long term.

Besides echocardiography and B-type natriuretic peptide, CPET proved to be a sensitive non-invasive tool to detect functional impairment before stenting, as well as functional improvement after the intervention with normalization of parameters initially indicating pulmonary hypertension. Using these tools for surveillance, repeated angiographies may be avoided. However, suspicious findings and clinical deterioration should be clarified by imaging.

More than three decades ago, hybrid procedures with intraoperative stent insertion (23, 34–37) were performed in individual cases for the treatment of congenital PA and PV stenosis. Subsequently, interventional therapies in the form of balloon angioplasty and stenting were applied mainly for PV stenosis after ablation in atrial fibrillation (38, 39). In contrast, the clinical evidence on confirmed PA and PV stenosis in the context of fibrosing mediastinal processes is scarce, especially with regard to interventional therapy; there are primarily individual case reports, some with literature reviews (Tables 1, 2) (5, 19, 27, 29, 44). Fender et al. (5) describe in their overview several cases of successful percutaneous intervention but also refer to the limited experience with such procedures worldwide. In 2011 Albers et al. (7) reported a larger study of 58 patients with fibrosing mediastinitis, 46 of whom had PV and/or PA stenosis. In 53% of the cases, both vascular structures were involved. In addition, 12 patients had superior vena cava stenosis. Thirty patients were treated with multiple stenting of pulmonary veins and arteries. Reinterventions were required in five patients. In a retrospective analysis, Peikert et al. (3) observed a total of 80 cases of fibrosing mediastinitis between 1985 and 2006, 34 of which had vascular involvement. However, only 3 patients underwent angioplasty including stenting of the PA, while one patient received balloon dilatation of the PV. A more recent overview of 30 cases with PV dilatation and stent implantation was provided by Duan et al. (see also below) (42).


TABLE 2 Case reports with and without interventions (*16 cases without information about intervention).
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In the context of silicosis, however, reports of PA or PV stenosis as a result of extensive fibrosis and/or lymph node enlargement (19, 20, 28) are rare. In a recent report, Yazaki et al. described a patient with dyspnea and pulmonary hypertension as a result of occlusion of the upper right PA (28). Similar to our case, the endoscopic imaging was characteristic of anthracofibrosis, and this diagnosis was supported by right heart catheterization and pulmonary angiography. The therapy administered with tadalafil seems rather unusual in view of the findings (28). Zhang et al. (20) reported for the first time in 2018 the successful percutaneous treatment of a case of PA stenosis with concomitant pulmonary hypertension in the context of mediastinal anthracofibrosis originating from silicosis. Here, pulmonary hypertension was particularly noteworthy. The definitive diagnosis could only be made by pulmonary angiography showing evidence of bilateral stenosis, which was successfully treated by balloon dilatation and stenting. Dilatation or stenting of stenosis of the pulmonary veins in silicosis and simultaneous arterial interventions have not yet been described.

A search of the literature produced a total of 120 cases of mediastinal fibrosis that were treated by dilatation of the pulmonary vessels, including 3 cases with both PA and PV stenosis (Table 2). In 71 of those 120 cases there was dilatation of PV stenoses with or without supplementary stenting, and in 60 cases PA dilatations were performed with or without stenting. In addition to the present case with simultaneous intervention, there is another in which both PA and PV stenting took place; however, this was a case of fibrosing mediastinitis (44) (Table 2).

The further clinical course after pulmonary vascular interventions shows a significant functional improvement in the majority of cases but can also be characterized by residual stenosis or restenosis. A number of studies provided detailed data about reduction of the degrees of stenosis, symptom relief, reduction of pulmonary pressure, re-stenosis, and survival. In the report by Albers et al. (7), 32 patients (87%), including patients with compression of the vena cava, experienced improvement in symptoms. This was also reflected in a significant decrease in pulmonary arterial pressures. There was a large variation in the period of persistent symptomatic improvement (2 to 144 months). Fifteen percent of the 40 patients treated by intervention died during follow-up. Five-year survival in patients with bilateral vascular involvement was significantly more favorable for patients with intervention than in those without (89.5% vs. 52.5%). In contrast, there was no significant difference between the two groups in cases of unilateral disease. In a case series described by Ponamgi et al. (49), there were 3 deaths among 8 patients with multiple dilated and stented pulmonary veins. Of 25 dilated veins, restenosis occurred in 11 during follow-up. Zhou et al. (57) reported in 2019 on 5 patients with fibrosing mediastinitis and PV stenosis treated by balloon dilatation and stent implantation. A total of 11 compression stenoses were treated without complications except for a cardiac arrest triggered by vagal stimulation. In the long-term course, one patient experienced renewed higher-grade stenosis at the proximal stent end as a result of fibrotic compression, while another patient developed in-stent thrombosis due to a cessation of anticoagulation. A re-evaluation at 6 months showed a significant improvement in the degree of stenosis and trans-stenotic pressure gradients in all cases. Pulmonary hypertension associated with pulmonary venous stenosis was improved post-interventionally, with a decrease in mean PA pressure from 45.0 ± 9.0 mmHg to 38.7 ± 8.4 mmHg (p < 0.05). Welby et al. (55) observed a significant increase of 54%–79% (p = 0.005) in lumen width after stenting of PA stenosis, with a simultaneous decrease in the stenosis gradient by an average of 9.38 mmHg (p = 0.005). The openness rate after one year was 90%, and 89% of patients reported an improvement in dyspnea. Re-interventions were required in 2 out of 9 patients. In the recent case study by Duan et al. (42) of 30 patients with fibrosing mediastinitis in the period 2018–2020, a total of 63 PV stenoses were treated in 32 angioplasty sessions and 44 stents were implanted in 41 pulmonary veins after prior balloon angioplasty. This strategy showed a significant improvement in clinical and functional findings in the WHO functional class with a simultaneous decrease in pulmonary arterial pressure by 5.4 mmHg, as was also observed in the present case. However, a significant number of post-interventional complications such as hemoptysis (18.8%) and lung injuries (44%) were described.



5. Conclusions

In summary, in cases of progressive dyspnea and concomitant mediastinal fibrosis, differential diagnostic clarification of the cause of fibrosis is required. In rare cases, this may be silicosis. Furthermore, especially in the presence of pulmonary hypertension, concomitant pulmonary vascular stenosis in the context of fibrosis must be taken into account. As in the current case, venous and arterial stenosis can be successfully treated by intervention. In the long term, this is reflected in a reduction in the extent of stenosis and pulmonary arterial pressures. In individual cases, however, residual stenosis may be present, or restenosis may occur.
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A number of vaccines have been developed and deployed globally to restrain the spreading of the coronavirus disease 2019 (COVID-19). The adverse effect following vaccination is an important consideration. Acute myocardial infarction (AMI) is a kind of rare adverse event after COVID-19 vaccination. Herein, we present a case of an 83-year-old male who suffered cold sweat ten minutes after the first inactivated COVID-19 vaccination and AMI one day later. The emergency coronary angiography showed coronary thrombosis and underlying stenosis in his coronary artery. Type II Kounis syndrome might be a potential mechanism, which is manifested as coronary thrombosis secondary to allergic reactions in patients with underlying asymptomatic coronary heart disease. We also summarize the reported AMI cases post COVID-19 vaccination, as well as overview and discuss the proposed mechanisms of AMI after COVID-19 vaccination, thus providing insights for clinicians to be aware of the possibility of AMI following COVID-19 vaccination and potential underlying mechanisms.
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1. Introduction

The coronavirus disease 2019 (COVID-19) has become a pandemic since March of 2020. At the time of writing, more than 640 million cases have been confirmed, including more than 6.6 million cases of death (1). A number of vaccines have been developed and deployed and shown to be the most effective strategy to restrain the spread of COVID-19 (2). Up to date, more than 13 billion doses of COVID-19 vaccines have been administered globally (1). However, many kinds of adverse events (AE) brought to people's attention after COVID-19 vaccination, even though the safety and efficacy have been tested (3–11), for example, acute myocardial infarction (AMI), myocarditis, pericarditis and so on (12–14). Importantly, it is reported that people showed individual differences in humoral immune response depending on many factors such as age, sex, serostatus, and underlying comorbidities (15, 16). Therefore, the AE cases could differ from each other as well. In general, most adverse reactions were mild, with the most common symptoms being injection-site pain, fatigue, headache, myalgia, and nausea (6, 9, 17–19). Even though the incidence of serious AE was low (3, 4, 18, 20, 21), genuine concerns and attentions should be raised on these rare serious AE.

Traditional inactivated whole-virus COVID-19 vaccine is safe and efficacious to prevent COVID-19 pandemic (9, 18). Generally, AE after vaccination are neither frequent nor serious (9). However, rare AE such as acute myocardial infarction (AMI) are potentially life-threatening (22, 23). Herein, we present a case of an 83-year-old male who suffered allergic reactions developing to AMI ten minutes after the first inactivated COVID-19 vaccination in China. Coronary angiography (CAG) showed acute coronary thrombosis and underlying stenosis in the coronary artery. The potential mechanism of AMI after inactivated COVID-19 vaccination might be type II Kounis syndrome (KS), which was manifested as coronary thrombosis secondary to allergic reactions in patients with underlying asymptomatic coronary heart disease (CHD).



2. Case description

An 83-year-old man with a medical history of subtotal gastrectomy and cholecystectomy complained of cold sweat, dizziness, fatigue and transient loss of consciousness ten minutes after the first dose of inactivated COVID-19 vaccine (CoronaVac, 202106061Z, Sinovac Life Sciences, Beijing, China). He felt worse accompanied by chest tightness, diarrhea and a lowest blood pressure of 83/50 mmHg the following day, and was admitted to the emergency department (ED). The patient denied any history of CHD, hypertension, diabetes, renal dysfunction, asthma or allergic reaction. He also denied any cardiac or noncardiac symptoms before vaccination. The detailed medical history of the patient was showed in Supplementary Table S1.

Upon ED arrival, the physical examination showed the blood pressure was not very high with 98/66 mmHg, other vital signs were normal. Laboratory tests showed the markers of myocardial injury were elevated, with high sensitivity troponin-T level more than 2,000 (reference: 0-100) ng/L, myohemoglobin 291 (reference: 28–72) ng/ml, creatine kinase (CK) 2771.7 (reference: 50–310) U/L, CK-MB fraction 348.2 (reference: 0–19) U/L, D-dimer 1.09 (reference: 0–0.55) mg/L, and N-terminal pro-brain natriuretic peptide 1,770 (reference: 0–125) pg/ml. Infection indices of white blood cells [10.75 (reference: 3.5–9.5) × 109/L], hypersensitive C-reactive protein [6.13 (reference: 0–3) mg/L] and procalcitonin [0.103 (reference: 0–0.05) ng/ml] were modestly increased. Other laboratory tests were within normal ranges.

On admission, the electrocardiogram (ECG) showed that ST segments were elevated in leads II, III and avF, with reciprocal depression in leads I and avL (Figure 1A). Transthoracic echocardiography revealed hypokinesia on the inferior and posterior walls, with a left ventricular ejection fraction of 54%. The CAG revealed 95% stenosis in the right coronary artery (RCA) with thrombotic shadow locally, 80% stenosis in the left anterior descending coronary artery, 70%–80% stenosis in the distal left circumflex coronary artery (d-LCX), and 80%–90% stenosis in the obtuse marginal branch (OM) (Figures 2A,2C–E).


[image: Figure 1]
FIGURE 1
The electrocardiogram upon arrival (A) and one week later (B). (A) The red arrow shows ST segments were elevated in leads II, III and avF. The blue arrow shows ST segments were reciprocally depressed in leads I and avL. (B) The black arrow shows pathological Q waves in inferior leads, with ST segment recovery.
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FIGURE 2
The results of coronary angiography. There was 95% stenosis in the right coronary artery (RCA) with a local thrombotic shadow (A), and two drug eluting stents (DES, Firebird 3.0 × 29 mm, Firebird 3.5 × 33 mm) were implanted into the RCA. (B) There was 80% stenosis in the left anterior descending coronary artery (C,D). There was 80%–90% stenosis in the obtuse marginal branch (OM) and 70%–80% stenosis in the distal LCX (d-LCX) (E), and a DES (Promus Element 2.25 × 20 mm) and a drug-coated balloon (Vesselin 3.0 × 16 mm) were implanted in the OM and d-LCX, respectively. (F) PCI, percutaneous coronary intervention.


Combined with the ECG result, RCA was considered as the culprit vessel. Therefore, thrombus aspiration was performed, and two drug-eluting stents (DES, Firebird 3.0 × 29 mm, Firebird 3.5 × 33 mm) were implanted into the RCA (Figure 2B). This was accompanied by oral drugs for secondary prevention (aspirin, ticagrelor, atorvastatin, metoprolol). Subsequently, the ECG showed pathological Q waves in the inferior leads with ST segment recovery (Figure 1B). Before discharge, a DES (Promus Element 2.25 × 20 mm) and a drug-coated balloon (Vesselin 3.0 × 16 mm) were implanted into the OM and d-LCX, respectively (Figure 2F). A week later, the abnormal cardiac injury markers were relieved. The patient was discharged from the hospital in good condition. Furthermore, at the 1-month and 6-month follow-up visits after discharge, he was doing well with no symptoms or abnormalities of cardiac markers. A schematic diagram showing the timeline from vaccination to the onset of AMI up until patient discharge was showed in Figure 3.
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FIGURE 3
Schematic diagram showing the timeline from vaccination to the onset of AMI up until patient discharge.




3. Literature review and discussion

In this part, we will summarize the reported AMI cases, as well as overview and discuss the proposed mechanisms of AMI after COVID-19 vaccination. From the searching of literature databases, 21 literatures were found regarding AMI following COVID-19 vaccination. The summary is shown in Supplementary Table S2. Generally, there are 30 AMI cases following COVID-19 vaccination including our case. The cases reported located all over the world including the US, European countries and Asian countries. The vaccines administered in these cases varied from mRNA vaccine (16 cases; Pfizer-BioNTech and Moderna), adenoviral vector vaccine (10 cases; AstraZeneca), to inactivated virus vaccine (4 cases; Sinovac), suggesting AMI is not the specific AE from one kind of vaccine. The mean age of patients is 64, indicating the incidence of AMI following COVID-19 vaccination is more likely among old population, which agrees with the results in a systematic study published in 2021 (12). Most of the cases showed symptoms within 24 h (76.7%; 23 out of 30 cases) and chest discomfort is the most common seen symptom in AMI cases (66.7%; 20 out of 30 cases) that should be paid more attention after COVID-19 vaccination, consistent with the finding in the systematic review published recently (24).

So far, there are some proposed underlying mechanisms for AMI following COVID-19 vaccination. The most probable explanation is KS, which is the concurrent occurrence of acute coronary syndromes with allergic reactions. To date, four variants of the disease have been documented: (1) type I: coronary spasm in patients with (nearly) normal coronary arteries; (2) type II: coronary thrombosis in patients with underlying asymptomatic CHD; (3) type III: stent-related allergic coronary events, with IIIa (stent thrombosis) and IIIb (in-stent restenosis); and (4) type IV: anaphylaxis-mediated AMI in patients with coronary grafts (25–28). In our case, the patient denied any medical history of CHD, but we found not only acute coronary thrombosis but also underlying stenosis in his coronary arteries, suggesting he should have pre-existing asymptomatic CHD that was not realized by himself. Given his symptoms occurred only ten minutes after the vaccination with no other triggers identified, accordingly, our patient was speculated with type II KS after inactivated COVID-19 vaccination, which was similar to a previous report of type I KS in Turkey (29). In addition, vaccine-induced thrombotic thrombocytopenia (VITT) associated thrombosis could be another possibility for AMI post COVID-19 vaccination, but only ten minutes is not enough to develop VITT, therefore this potential is very rare (22). Moreover, there was also a possibility that the vaccination and AMI were just coincident, though it was scarce. Given possible life-threatening results and lack recognition of KS, more attention should be drawn to KS by clinicians post COVID-19 vaccination.

The pathophysiology of vaccine-induced allergic reactions could be derived from the following four kinds of mechanisms (30). (1) Reactions via the pathway of mast cell activation and degranulation as IgE/antigen through cross-linking of FcεRI on mast cells (31). This reaction typically occurs within minutes of exposure to the relevant allergen and always occurs within 4 h of exposure to the relevant allergen (32). This mechanism is confirmed by the specific IgEs detection and the increased levels of serum tryptase (30). (2) Non-IgE-mediated mast cell degranulation is another pathway that is performed via activation of the complement system, leading to the generation of anaphylatoxins C1q, C3a C4 and C5a. This complement pathway activation and positive biofeedback loops involving interleukin-5 (IL-5) and tryptase is also very common and should be considered (30, 33). (3) Life-threatening allergic reactions can be mediated via direct activation of the Mas-related G protein-coupled receptor X2 (MRGPRX2) that may activate mast cells via non-Fcε receptors. In this pathway, the specific IgEs may remain undetected, and tryptase levels may be normal even in serious KS (30). This might explain the conditions in cases reported by Baronti et al. (34) that even the tryptase testing is negative, allergic reactions cannot be ruled out. (4) Hypersensitivity delayed reaction generally begins 48 h after vaccination and peaks between 72 and 96 h (35), which is cell-mediated and antibody independent, derived from overstimulation of T cells and monocytes/macrophages and releases of cytokines that cause inflammation, cell death, and tissue damage (30). Vaccines containing anti-microbial agents and ingredients, such as thimerosal and aluminum, can be followed by delayed reactions (32). A schematic diagram regarding pathophysiologic mechanisms of KS was shown in Figure 4.
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FIGURE 4
The mechanisms of Kounis syndrome pathophysiology. MRGPRX2: mas-related G protein-coupled receptor X2.


Allergic reactions to vaccines are rarely attributed to the active vaccine itself, rather than excipients which constitute inert substances added to vaccines and other drugs to improve stability, increase solubility, improve absorption, influence palatability, or create a distinctive appearance (30). The viral vector Covishield vaccine contains aluminum hydroxide, and excipients similar to AstraZeneca vaccines such as polysorbate 80 (PS80) and disodium edetate dihydrate (ethylenediaminetetraacetic acid). The Moderna vaccine contains polyethylene glycol which is also shown in Pfizer-BioNTech vaccine, and tromethamine (also known as trometamol). The Sinovac (Coronavac) vaccine contains disodium hydrogen phosphate, sodium dihydrogen phosphate monohydrate, and sodium chloride (36). These excipients are also found in other vaccines such as influenza vaccine, and in creams, ointments, lotions, other cosmetics, various dental materials, as well as anticancer drugs which could sensitize their users (36). This situation has been reported by Fialho et al. that one case of AMI patient after COVID-19 vaccination from AstraZeneca who had a medical history of acute coronary syndrome after influenza vaccine was diagnosed with type III KS (37). In this case, both vaccines (COVID-19 and influenza) contain a common excipient PS80 (37). Even though the skin tests with intravenous amiodarone, that contains PS80, were negative, which rule out the IgE-mediated PS80 reaction, but cannot exclude PS80 non-IgE mediated hypersensitivity reactions (37, 38).

Even though multiple AMI cases have been reported occurring within minutes to hours after COVID-19 vaccination, there is still no enough evidence to show the direct causal relationship between AMI and COVID-19 vaccination. Since AMI is a commonly occurring disease in old people, whether the cases recorded are due to COVID-19 vaccination or just coincidence need further studies to elucidate.

Preliminary clinical trials in the Food and Drug Administration briefing documents indicated that the incidence rate of AMI was 0.03% and 0.02% after receiving Moderna or Pfizer vaccines, respectively (39). Compared with the total number of vaccine doses given, the incidence of AMI is really very rare. But it is potentially life-threatening. Clinicians need to be aware of this situation that might present after the COVID-19 vaccination.



4. Conclusion

In recent two years, vaccines have been deployed to restrain the spreading of COVID-19. AMI is a kind of rare AE following COVID-19 vaccination. In this article, we are reporting an AMI case that showed symptoms only ten minutes after COVID-19 vaccination with no other triggers identified. KS could be a potential mechanism in our case. Moreover, we summarize the reported AMI cases, as well as overview and discuss the proposed mechanisms of AMI following COVID-19 vaccination, thus providing insights for clinicians to be aware of the possibility of AMI following COVID-19 vaccination and potential underlying mechanisms.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Xiamen Cardiovascular Hospital of Xiamen University. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

WO: contributed to the study design and data acquisition. WO, BW, GZ, LD, ZL, KW, GS, CH, ZL, and SF: contributed to the clinical treatment of this case. WO, BW and RG: contributed to the drafting and critical revision of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This research was granted from the Medical Research Project of Xiamen Cardiovascular Hospital of Xiamen University (No. 2020-05) and a Startup Fund (Grant No. XZZX202103017) from Xiamen Cardiovascular Hospital of Xiamen University to RG.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.1123385/full#supplementary-material.



References

1. Who (WHO Coronavirus (COVID-19) Dashboard). Available at: https://covid19.who.int/ (Assessed 06 Dec 2022).

2. Shiravi AA, Ardekani A, Sheikhbahaei E, Heshmat-Ghahdarijani K. Cardiovascular complications of SARS-CoV-2 vaccines: an overview. Cardiol Ther. (2022) 11:13–21. doi: 10.1007/s40119-021-00248-0

3. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety and efficacy of the BNT162b2 mRNA COVID-19 vaccine. N Engl J Med. (2020) 383:2603–15. doi: 10.1056/NEJMoa2034577

4. Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med. (2021) 384:403–16. doi: 10.1056/NEJMoa2035389

5. Barda N, Dagan N, Ben-Shlomo Y, Kepten E, Waxman J, Ohana R, et al. Safety of the BNT162b2 mRNA COVID-19 vaccine in a nationwide setting. N Engl J Med. (2021) 385:1078–90. doi: 10.1056/NEJMoa2110475

6. Sadoff J, Gray G, Vandebosch A, Cardenas V, Shukarev G, Grinsztejn B, et al. Safety and efficacy of single-dose Ad26.COV2.S vaccine against COVID-19. N Engl J Med. (2021) 384:2187–201. doi: 10.1056/NEJMoa2101544

7. Soiza RL, Scicluna C, Thomson EC. Efficacy and safety of COVID-19 vaccines in older people. Age Ageing. (2021) 50:279–83. doi: 10.1093/ageing/afaa274

8. Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM, Aley PK, et al. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: an interim analysis of four randomised controlled trials in Brazil, South Africa, and the UK. Lancet. (2021) 397:99–111. doi: 10.1016/S0140-6736(20)32661-1

9. Zhang Y, Zeng G, Pan H, Li C, Hu Y, Chu K, et al. Safety, tolerability, and immunogenicity of an inactivated SARS-CoV-2 vaccine in healthy adults aged 18–59 years: a randomised, double-blind, placebo-controlled, phase 1/2 clinical trial. Lancet Infect Dis. (2021) 21:181–92. doi: 10.1016/S1473-3099(20)30843-4

10. Moreira Jr. ED, Kitchin N, Xu X, Dychter SS, Lockhart S, Gurtman A, et al. Safety and efficacy of a third dose of BNT162b2 COVID-19 vaccine. N Engl J Med. (2022) 386:1910–21. doi: 10.1056/NEJMoa2200674

11. Parmar K, Subramanyam S, Del Rio-Pertuz G, Sethi P, Argueta-Sosa E. Cardiac adverse events after vaccination-A systematic review. Vaccines. (2022) 10:700. doi: 10.3390/vaccines10050700

12. Aye YN, Mai AS, Zhang A, Lim OZ, Lin N, Ng CH, et al. Acute myocardial infarction and myocarditis following COVID-19 vaccination. QJM. (2021) 00:1–5. doi: 10.1093/qjmed/hcab252

13. Diaz GA, Parsons GT, Gering SK, Meier AR, Hutchinson IV, Robicsek A. Myocarditis and pericarditis after vaccination for COVID-19. JAMA. (2021) 326:1210–2. doi: 10.1001/jama.2021.13443

14. Abdel Moneim A, Radwan MA, Yousef AI. COVID-19 and cardiovascular disease: manifestations, pathophysiology, vaccination, and long-term implication. Curr Med Res Opin. (2022) 38:1071–9. doi: 10.1080/03007995.2022.2078081

15. Notarte KI, Guerrero-Arguero I, Velasco JV, Ver AT, Santos De Oliveira MH, Catahay JA, et al. Characterization of the significant decline in humoral immune response six months post-SARS-CoV-2 mRNA vaccination: a systematic review. J Med Virol. (2022a) 94:2939–61. doi: 10.1002/jmv.27688

16. Notarte KI, Ver AT, Velasco JV, Pastrana A, Catahay JA, Salvagno GL, et al. Effects of age, sex, serostatus, and underlying comorbidities on humoral response post-SARS-CoV-2 pfizer-BioNTech mRNA vaccination: a systematic review. Crit Rev Clin Lab Sci. (2022b) 59:373–90. doi: 10.1080/10408363.2022.2038539

17. Al Khames Aga QA, Alkhaffaf WH, Hatem TH, Nassir KF, Batineh Y, Dahham AT, et al. Safety of COVID-19 vaccines. J Med Virol. (2021) 93:6588–94. doi: 10.1002/jmv.27214

18. Tanriover MD, Doganay HL, Akova M, Guner HR, Azap A, Akhan S, et al. Efficacy and safety of an inactivated whole-virion SARS-CoV-2 vaccine (CoronaVac): interim results of a double-blind, randomised, placebo-controlled, phase 3 trial in Turkey. Lancet. (2021) 398:213–22. doi: 10.1016/S0140-6736(21)01429-X

19. Huang Z, Su Y, Zhang T, Xia N. A review of the safety and efficacy of current COVID-19 vaccines. Front Med. (2022) 16:39–55. doi: 10.1007/s11684-021-0893-y

20. Beatty AL, Peyser ND, Butcher XE, Cocohoba JM, Lin F, Olgin JE, et al. Analysis of COVID-19 vaccine type and adverse effects following vaccination. JAMA Netw Open. (2021) 4:e2140364. doi: 10.1001/jamanetworkopen.2021.40364

21. Wu Q, Dudley MZ, Chen X, Bai X, Dong K, Zhuang T, et al. Evaluation of the safety profile of COVID-19 vaccines: a rapid review. BMC Med. (2021) 19:173. doi: 10.1186/s12916-021-02059-5

22. Hana D, Patel K, Roman S, Gattas B, Sofka S. Clinical cardiovascular adverse events reported post-COVID-19 vaccination: are they a real risk? Curr Probl Cardiol. (2022) 47:101077. doi: 10.1016/j.cpcardiol.2021.101077

23. Zafar U, Zafar H, Ahmed MS, Khattak M. Link between COVID-19 vaccines and myocardial infarction. World J Clin Cases. (2022) 10:10109–19. doi: 10.12998/wjcc.v10.i28.10109

24. Baqi DH, Kakamad FH, Mahmood ZH, Fattah FH, Ahmed SF, Hassan MN, et al. Myocardial infarction following COVID-19 vaccine administration; a systematic review. Heliyon. (2022) 8:e11385. doi: 10.1016/j.heliyon.2022.e11385

25. Kounis NG. Kounis syndrome (allergic angina and allergic myocardial infarction): a natural paradigm? Int J Cardiol. (2006) 110:7–14. doi: 10.1016/j.ijcard.2005.08.007

26. Dazy K, Walters D, Holland C, Baldwin J. Anaphylaxis mediated myocardial infarction in a coronary graft: a new variant of Kounis syndrome (a case report). Int J Cardiol. (2013) 168:e84–85. doi: 10.1016/j.ijcard.2013.07.044

27. Kounis NG. Kounis syndrome: an update on epidemiology, pathogenesis, diagnosis and therapeutic management. Clin Chem Lab Med. (2016) 54:1545–59. doi: 10.1515/cclm-2016-0010

28. Allam C, Saouma M, Chlawit R. Kounis syndrome must be considered in the differential diagnosis of myocardial infarction following COVID-19 vaccination. QJM. (2022) 00:1–2. doi: 10.1093/qjmed/hcac001

29. Ozdemir IH, Ozlek B, Ozen MB, Gunduz R, Bayturan O. Type 1 Kounis syndrome induced by inactivated SARS-COV-2 vaccine. J Emerg Med. (2021) 61:e71–6. doi: 10.1016/j.jemermed.2021.04.018

30. Kounis NG, Koniari I, De Gregorio C, Velissaris D, Petalas K, Brinia A, et al. Allergic reactions to current available COVID-19 vaccinations: pathophysiology, causality, and therapeutic considerations. Vaccines. (2021) 9:221. doi: 10.1093/qjmed/hcac001

31. Olivera A, Beaven MA, Metcalfe DD. Mast cells signal their importance in health and disease. J Allergy Clin Immunol. (2018) 142:381–93. doi: 10.1016/j.jaci.2018.01.034

32. Chung EH. Vaccine allergies. Clin Exp Vaccine Res. (2014) 3:50–7. doi: 10.7774/cevr.2014.3.1.50

33. Khan S. Mast cell tryptase level should be checked in all patients with suspected Kounis syndrome. Eur Heart J. (2020) 41:3018. doi: 10.1093/eurheartj/ehaa548

34. Baronti A, Gentile F, Manetti AC, Scatena A, Pellegrini S, Pucci A, et al. Myocardial infarction following COVID-19 vaccine administration: post hoc, ergo propter hoc? Viruses. (2022) 14:1644. doi: 10.3390/v14081644

35. Siegrist CA. Mechanisms underlying adverse reactions to vaccines. J Comp Pathol. (2007) 137(Suppl 1):S46–50. doi: 10.1016/j.jcpa.2007.04.012

36. Kounis NG, Koniari I, Mplani V, Kouni SN, Plotas P, Tsigkas G. Acute myocardial infarction within 24 hours after COVID-19 vaccination: is Kounis syndrome the culprit? Am J Cardiol. (2022a) 1:207. doi: 10.1016/j.amjcard.2021.09.032

37. Fialho I, Mateus C, Martins-Dos-Santos G, Pita J, Cabanelas N, Baptista SB, et al. Recurrent Kounis syndrome—a life-threatening event after COVID-19 vaccine administration. J Cardiol Cases. (2022) 25:400–3. doi: 10.1016/j.jccase.2022.01.014

38. Kounis NG, Mplani V, Koniari I, Kouni S, Plotas P, Tsigkas G, et al. Hypersensitivity coronary myocardial infarction (Kounis syndrome) and COVID-19 vaccines. J Cardiol Cases. (2022b) 26:242–3. doi: 10.1016/j.jccase.2022.05.001

39. Li YE, Wang S, Reiter RJ, Ren J. Clinical cardiovascular emergencies and the cellular basis of COVID-19 vaccination: from dream to reality? Int J Infect Dis. (2022) 124:1–10. doi: 10.1016/j.ijid.2022.08.026





[image: image]


OPS/images/fcvm-09-1020672/fcvm-09-1020672-g005.jpg
<\
- & )
BN S AN

S

SN
Wy,
.;_..5(\:






OPS/images/fcvm-09-1020672/fcvm-09-1020672-t001.jpg
Parameter

WBC
NE#

NE

Ly#

LY

Hb

PLT
AST
ALT

TB
DBIL
IBIL

Lac

Fib

TP

GLU
BUN
sCr

TG
D-dimer
CKMB
Tn

PL

INR
APTT
PCT
CPR
TSH
FT3
FT4

Values

Day 1

6.06
4.53
0.75
0.96
0.16
82
342
25:5
47.3
8.6
23
6.3
0.6
4.34
60.3
5.8
2.36
50.1
0.88
> 5000
<10
< 0.05
14.7
1.24
24.5
< 0.05
54.23
1.781
2.31
12.43

References value

3.5-95
1.80-6.30
0.4-0.75
1.1-3.2
0.2-0.5
115-150
125-350
13.0-35.0
7.0-40.0
0.0-21.0
0.0-6.8
5.0-20.0
0.5-2.2
1.8-4.0
68-85
3.9-6.1
3.1-8.8
41-81
0.28-1.8
100-600
0-4.3
0-0.05
9.0-13.0
0.8-1.2
2133
0-0.5
0-3.5
0.35-4.94
2.43-6.01
9.01-19.05

Unit

0"9/L
0"9/L
%
0"9/L
%
g/L
0"9/L
U/L
U/L

pmol/L
pmol/L
pmol/L
mmol/L
g/L
g/L
mmol/l
mmol/L
pmol/L
mmol/L
ng/ml
ng/ml
ng/ml
N
S
ng/mL
mg/L
pnIU/ml
pmol/L
pmol/L

WBC, white blood cell; NE, neutrophils; LY, lymphocyte; Hb, hemoglobin; PLT,
platelets; AST, aspartate aminotransferase; ALT, alanine transaminase; TB, total bilirubin;
DBIL, direct bilirubin; IBIL, indirect bilirubin; Lac, lactic acid; Fib, fibrinogen; TP,
Total proteins; GLU, glucose; BUN, blood urea nitrogen; sCr, serum creatinine; TG,
triglyceride; CKMB, creatine kinase MB; Tn, troponin; PT, prothrombin time; INR,
international normalized ratio; APTT, activated partial thromboplastin time; PCT,

procalcitonin; CRP, C-reactive protein; TSH, thyroid-stimulating hormone; FT3, free

triiodothyronine; FT4, free thyroxine.
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Author

Report year
Age, years, sex
Underlying condition

Clinical symptoms

Diagnosis

Surgical intervention(s)

Species identified

Identification assay

Antimicrobial treatment

Treatment outcome

Bernasconi E (ref no. 32)

2004
39, Male
Injectable drug use

Fever, fatigue, myalgia, weight
loss

Endocarditis of native mitral

valve

None

Arthrobacter woluwensis

16S rRNA sequencing analysis of
blood specimen

TEIC

Cured

Durand C (ref no. 33)

2021
52, unknown
Injectable drug use

Fever, weakness, weight loss

Endocarditis of mitral and aortic

valves

Mitral valve replacement, aortic

vegetectomy
Arthrobacter woluwensis

16S rRNA sequencing analysis of
tissue specimen

OX + GM, DAP + ST, TEIC + ST,
followed by LZD + ST

Cured

Present case

This report
85, female
Diabetes mellitus, renal dysfunction

Fever, abdominal pain
Infectious abdominal aortic aneurysm and aortic
mural thrombus of the descending thoracic aorta

In situ graft replacement

Arthrobacter russicus

16S rRNA sequencing analysis of tissue specimen

CTRX + LVFX, MEPM + VCM followed by CFX

Cured (despite perioperative vascular graft

infection)

CFX, cefalexin; CTRX, ceftriaxone; DAP, daptomycin; GM, gentamicin; LVEX, levofloxacin; LZD, linezolid; MEPM, meropenem; OX, oxacillin; rRNA, ribosomal RNA; ST,
sulfamethoxazole/trimethoprim; TEIC, teicoplanin; VCM, vancomycin.
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First admission Second admission

Right atrial pressure 5/1 (2) mmHg 6/2 (3) mmHg
Right ventricular pressure 63/0 (21) mmHg 53/-2 (21) mmHg
Pulmonary artery pressure 63/23 (33) mmHg 51/18 (32) mmHg
Pulmonary artery wedge pressure 7 mmHg 10 mmHg
Pulmonary blood volume 5.39 L/min 8.15 L/min

Pulmonary vascular resistance 4.82 Wood units 2.70 Wood units
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Color

Rivalta test

Chyle test

Total cells (/L)

Nucleated cells (/L)
Lymphocytes

Total protein (g/L)
Albumin (g/L)

Lactic dehydrogenase (U/L)

Adenosine deaminase (U/L)

Jan 21,
2021

Right: clear
yellow
Left: milky

+
+
N/A
N/A
N/A
29.5
N/A
129.5

Feb 21,
2021

Yellowish red
and cloudy

&
+
3.61 x 10°
6.1 x 10
90%
N/A
13
89
1.4

Feb 23,
2021

Yellowish
white and
cloudy

2+
+
133 x 10°
3.3 x 108
96%
26
13
88
4.6





OPS/images/fcvm-09-1020762/fcvm-09-1020762-g002.jpg





OPS/images/fcvm-09-1020762/fcvm-09-1020762-g003.jpg





OPS/images/fcvm-09-1020762/fcvm-09-1020762-t001.jpg
Arterial blood gas
analysis

Complete blood count

Anemia test
Liver function

Cardiac biomarkers

Anticoagulation test

Antinuclear antibody
Rheumatoid antibody
Vasculitis antibody
Tumor markers

Complement

pH7.

45, PCO; 30 mmHg, PO,

95 mmHg, SO, 98%

hemog!

obin 103 g/L, mean corpuscular

volume 74.9 fl, mean corpuscular

hemog!

hemog!

ferritin

obin 22.8 pg, mean corpuscular

obin concentration 305 g/L.

4.1 ng/ml, normal folic acid, vitamin

B12, anti-intrinsic factor antibody.

total bi

irubin 31.54 umol/L, direct bilirubin

9.32 umol/L.

norma

protein C activity 56%, normal activity of

protein S and antithrombin-III.

norma

norma

norma

norma

complement3 62.80 mg/dl, complement4
9.25 mg/dl.

Reference ranges are as follows: hemoglobin, 115-150 g/L; mean corpuscular

volume, 82-100 fl; mean corpuscular hemoglobin, 27-34 pg; mean corpuscular
hemoglobin concentration, 316-354 g/L; ferritin, 11.0-306.8 ng/ml; total bilirubin,
5.00-21.00 umol/L; direct bilirubin, 0-7.00 umol/L; protein C activity, 70-130%;
complement3, 70.00-128.00 mg/dl; complement4, 16.00-47.00 mg/dl.
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( “SA” before Operation

® A 39-year-old Male

® A SD+Bicuspid pulmonary valvetmoderate tricuspid regurgitation
@®A suspect of CPAF

® Absence of coronary angiography

® A symptomatic J
/ “SB” On Pump Beating Heart Surgery
®Beating heart
®Both detection and repair all disorders
®Be as myocardial protection strategy +*
®Bypass I/R injury
®Below- surgical risk "
d “5C” Follow-up

®Conquer the rare and complex case
®Cardiac symptom nil

O®ClassIof NYHA

® Complication nil

®Coronary perfusionnormal
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Wood 54 M persistent 12W  SDAYS NO YES YES YES NO NO NO NO YES NO SDAYS NO  YES NA YES YES NA YES NO NO YES YES VES 3
etal. AF MON
(12)
Luckie 56 M AF NA  SWEEKS NO YES YES YES NO NO NO NO NO NO ~  YES MODERATENO NO YES NO YES YES YES NO NO NO 6
etal. WEEKS
(13)
Goossens 68 F paroxysmal 25-35W 4DAYS NO YES YES YES NA NA NO NO YES NO 2 NO YES NO YES YES NA YES YES NO NO YES YES NA
etal. AF WEEKS
(14)
Livetal 60 F  paroxysmal33W  2DAYS NO YES YES NO NO NO NO YES YES NO 2DAYS NO  YES YES NO YES YES YES NO NO NO YES NO 1
(15) AF MON
Livetal 77 F  paroxysmal35W  3DAYS NO YES YES NO NO NO YES  YES YES NO 3DAYS NO YES YES NO YES YES NO YES NO YES YES NO 1
(15) AF MON
Livetal 56 M  paroxysmal35W  2DAYS YES NO YES YES NO NO YES  YES NO YES 2DAYS NO YES YES NO NO NO YES NO NO NO NO NO 1
as) AF (left) MON
Livetal 67 M persistent 35W  4DAYS NO YES NO YES NO YES YES ~ NO YES NO 4DAYS NO YES YES NO NO NO NO NO NO NO NO NO 1
(15) AF MON
Liuetal. 62 F paroxysmal 35W 3H NO NO NO YES NO YES NO NO NO YES 3H NO  YES YES NO NO NO NO NO NO NO YES NO 1
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etal. AF MON
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WBC Hb NT-proBNP
(10°/1) (g/L) (pg/mL)
1 week before operation 877 130 732
1 day after operation 16.82 116 217
3 days after operation 1626 n7 173
1 week after operation 18.1 118 113

WBC, white blood cell; Hb, hemoglobin; NT-proBNP, N-terminal pro-B-type natriureti

EF
(%)

68
60

67

T(O)

363
36
366
363

HR
(Times / minute)

105
57
61
7

[, temperature; HR, heart rate; R,

R
(Times / minute)

20
20
21
19

iratory rate.





OPS/images/fcvm-09-996481/crossmark.jpg
(®) Check for updates





OPS/images/fcvm-09-1043427/fcvm-09-1043427-t001.jpg
Case reports Location Size of lipoma TTE CEUS Management

Fang (4) RV 4.0x1.6 cm hyperechoic solid mass Slight enhancement Surgical
Cao (8) LV 5.0 x 3.0cm solid mass no enhancement Surgical
Dan et al. (10) VS 3.6 X 2.0 cm homogeneous parenchymal mass / Surgica
Hsiao et al. (9) pericardium 6.2 x 2.5cm homogenous large mas / Surgical
Ari(2) LV 2.1 x 1.6cm solid mass / Surgical
Li (7) LV wall 19x14x12cm irregular echo dense mass / Surgica

RV, right ventricular; LV, left ventricular; IVS, interventricular septum.





OPS/images/fcvm-09-1043427/fcvm-09-1043427-g004.jpg
-
= ~
- -
J \‘-
- e ——————— ——

- v
. " \\“
a )
- :
- -~ Py \‘
N & : o A
- - » ’ \\....
o~ . A
’ P f < \\-
LA i
£ - K]
3. P \
- "‘
| S - e ¥ L
y B Ji
“ . ’ t
v " ’ ...
v WY
7 ult - o
-— - > X
B
- 4 -
P &
! & iR %
§. ; A
\ « -\5.\ . ¢
: 5. )
. " A
. it 9
5 )
g "
- e p
I <
P
i
5 s
S
- —— = r
v ) s
. a\-\ . )
.\, # / ‘' i
Ve ' Ph
. S, g
' & v ’
- N
7 ' 4 v f
5 \ \ﬂ\ o
/. {
A .
-, :
s # ot < ALk
S s.%. : ) \km
’
g / o
’ .
-
p W
5" ’
p AgT
(. e
L] J .
3 B,/ " : /
s
4 . x
’ " ’ * a7
/ p , -
e o ! “
—~ {4 “y
3 ) >
s S »
- A w“ o e
Vel - " SF”
: N ¢ s
.
o : X 5
. ‘
L » o a2
ol B b .. s
il : 5 > ¢
el . WA AR
. - A .
™\ 3 LR
.
S -
> » .1 g
B Y ¢ ¢ - s
LR Y ) - : . -
. o\ g & w© S\
- >
\ . - A AN

-
.3
3 .
- .
i S
<
«®
.
o s
.
- e
& A
.
* >
.
>
-
> o
. h*
1 -
. i
-
'
At
-t ‘
” \ ,
»
:
.
v - 5
¥
s
{
o






OPS/images/fcvm-09-1043427/fcvm-09-1043427-g003.jpg





OPS/images/fcvm-09-1043427/fcvm-09-1043427-g002.jpg
MCE

X5-1

24Hz

15¢cm

Contrast Low Mi
71%

C 50
P Low
CGen

©
P{O)r
2.0 2.0

Contrast Low MI
1%

C 50
P Low
CGen

©
TOL

2.0 2.0

W IvrRvs

[ERVIVR

TIS0.0 MIO0.18 L
MI1.35F

- 0 m

MCE
X5-1

24Hz
15cm

Contrast Low MI
71%

C 50
P Low
CGen

MCE
X5-1

24Hz
15¢cm

Contrast Low MI
71%

C 50
P Low
CGen

T1S0.0

TIS0.0

MI 0.18 L
MI1.35F
- 0 m






OPS/images/fcvm-09-1043427/fcvm-09-1043427-g001.jpg
TIS0.3 MI1.2 : TIS0.3 MI1.2

- 0wms . - 0ms

TIS0.3 MI 1.2

- 0 m3

G
® AN\ R
1.3 26






OPS/images/fcvm-09-1043427/cross.jpg
@ Check for updates.





OPS/images/fcvm-09-1036603/fcvm-09-1036603-t002.jpg
Case

1(36)

2(37)

3(38)

4(39)

5 (40)

6 (41)

7 (42)

8 (43)

9 (44)

10 (45)

Gender/
Age

M/78

M/80

M/63

F/55

F/47

M/75

F/53

M/66

F/48

F/45

Tumor

Melanoma

Melanoma

Melanoma

Melanoma

Melanoma

LUAD

Thymoma

Thymoma, LUAD

Thymoma

Thymoma

PD-1
inhibitor

Pembrolizumab

Nivolumab

Nivolumab

Nivolumab

Toripalimab

Pembrolizumab

Pembrolizumab

Sintilimab

Pembrolizumab

Pembrolizumab

Time”

Symptom

Limb weakness

Anorexia

Muscle pain

Ophthalmoplegia

Diplopia

Asthenia

Cough

Fatigue, myalgia

Shortness of breath

Quadriparesis

irAE

Myocarditis, myositis

IM30S

Myocarditis, myositis

IM30S

IM30S

IM3O0S, hepatitis,
pneumonia
Myocarditis, MG, liver
and kidney
dysfunction

Myocarditis, MG

Myocarditis, MG

Myocarditis, MG, liver
dysfunction

Treatment

PSL, PLEX

PSL, IVIG, TA, PLEX

PSL

PSL, IVIG, TA, PLEX

PSL, IVIG, ventilator,
PM

PSL, IVIG, IA, PLEX,
IFX, ventilator
PSL, IVIG, euthyrox,
pyridostigmine

PSL, IVIG, PLEX,
euthyrox,
pyridostigmine

PSL, IVIG, IFX, PM,
ventilator, ECMO
PSL, IVIG, 1A,
ventilator, PM, ECMO

Outcome

Dead due to
respiratory failure
CPK levels
normalized within
4 months

Dead due to heart
failure

Weaned off
ventilatory support
at the 6 months
CPK levels
normalized within
2 months

Dead due to
respiratory failure
CPK levels
normalized within
6 months

CPK levels
normalized within

3 months

Dead due to heart
failure

Dead due to hypoxic

brain damage

#Time between initiation of PD-1 inhibitors and irAE (weeks). PSL, prednisolone; PLEX, plasma exchange; IM30S, myocarditis with myositis and myasthenia gravis overlap syndrome;

IVIG, intravenous immunoglobulin; IA, immunoadsorption; PM, pacemaker; LUAD, lung adenocarcinoma; IFX, infliximab; ECMO, extracorporeal membrane oxygenation; MG,

myasthenia gravis.
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Parameter

Leukocytes (10°/L)
Erythrocytes (10'2/L)
Hemoglobin (g/L)
Platelets (10°/L)
CPK (U/L)
CK-MB (ng/ml)
cTnl (ng/ml)

cTnl (ng/ml)

ALT (U/L)

AST (U/L)
Albumin (g/L)

1¢G (g/L)

ALP (U/L)
Creatinie (mol/L)

Urea nitrogen (mmol/L)

CRP (mg/L)
PCT (ng/ml)
ANA (AU/ml)
Anti-dsDNA
pANCA
cANCA
Anti-Ro60
Anti-Ro52
Anti-SS-B
Anti-Ul-snRNP

CPK, creatine phosphokinase; CK-M

Case 1

5.83
29
90
98

2,370

53.6

7.49

5.43
73

212

36.3

8.01
68
103

3.65
3.8

<0.05
<32
Negative
Negative
Negative
Negative
Negative
Negative

Negative

Case 2

7.56
3.44
102
401
1,365
21.32
0.24
1.872
14.8
27.6
312
7.16
71
56
6
4.37
<0.05
2152
Negative
Negative
Negative
Positive
Positive
Negative

Positive

Reference range

04-10
3.5-5
110-150
100-300
25-192
2-4.99
0-0.02
0-0.014
0-45
0-40
35-55
8-18
15-121
44-133
2.5-7.5
<5
<0.05
<32
Negative
Negative
Negative
Negative
Negative

Negative

Negative

B, creatine kinase-MB; c¢Tnl, cardiac troponin

I, ¢TnT, cardiac troponin T; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; IgG,

immunoglobulin G; ALP, alkaline phosphatase; CRP,

C-reactive protein; PCT, procalcitonin; ANA, anti-nuclear antibodies; Anti-dsDNA,
anti-double-stranded (ds) DNA antibody; pANCA, perinuclear anti-neutrophil

cytoplasmic antibody; cANCA, cyto
Anti-SS-B, anti-Sjégren’s syndrome antigen B antibod

nuclear ribonucleic particle antibody.

lasmic anti-n

eutrophil cytoplasmic antibody;
ly; Anti-U1-snRNP, anti-Ul-small
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Parameters

LVEDd (mm) 44
LVEDA/BSA (mm/m?) 228
LVEDs (mm) 29
LVEDs/BSA (mm/m?) 15.03
1VS (mm) 10
PLW (mm) 10
EDV (ml) 90
EDVI (ml/m?) 46.63
ESV (ml) 36
ESVI (ml/m?) 18.65
SV (ml) 54
SVI (ml/m?) 27.98
RWT (mm) 0.45
LVM (g) 156
LVMI (g/m?) 81
Aortic root (mm) 27
Cuspis separation (mm) 21
Ascending aorta (mm) 29
EF% 60
FS% 34.1
E-wave (m/s) 075
A (m/s) 05
E/A ratio 15
& sep (cm/s) 0.1
E/e%sep ratio 6.8
€ lat (cm/s) 0.12
E/€ lat ratio 625
Saverage (cm/s) 0.11
E/¢ average 6.82
LAV (ml) 52
LAVsI (ml/m2) 26.94
GLVS (%) —18.6
RVEDd (mm) 27
TAPSE (mm) 2
RVSP (mmHg) 29
MR mild
TR mild

A, late atrial contraction; E, early waves E/A ratio, peak early wave to atrial late wave ratio;
caverage, average peak early velocity; E/e’ average, carly wave to average peak carly velocitys
E/¢ sep, early wave to septal peak early velocity; E/€ lat ratio, early wave to lateral peak early
velocity; € lat, lateral peak early velocity; €' sep, septal peak early velocity; E/e’ lat ratio, early
wave to lateral peak early velocity; EDV-LV, End-diastolic volume; EDVI-LV, End-diastolic
volume/ body surface area; EE, ¢jection fraction; ESV-LV End-systolic volume; ESVI-LV, End-
systolic volume/ body surface area; FS, fraction of shortening; GLVS- global left ventricular
strain, 1VS, inter-ventricular septum, LVHL, left ventricle hypertrophy level, LAV, left atrium
volume at end-systole, LAVsI, left atrium volume index; LVM, left ventricle mass; LVMI,
left ventricle mass index, LVEDd, LV end-diastolic diameter, LVEDA/BSA, LV end-diastolic
diameter and body surface area ratio; LVEDs, LV end-systolic diameter; LVEDs/BSA, LV end-
systolic diameter and body surface area ratio; MR, Mitral regurgitation; PLW, posterolateral
wall; RVEDd, Right ventricular End-diastolic diameter; RWT, relative wall thickness; TAPSE,
Tricuspid annular plane systolic excursion; TR, Tricuspid regurgitation; SV, Stroke volume; SVI,
stroke volume/body surface area.
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12 August 2022 High-risk sexual contact with a male partner.

16 August 2022 Exploration by a dermatologist due to high-risk sexual contact with a partner.
Diagnosed of MPX by reactive polymerase chain reaction assay.
Asymptomatic patient. No swabs or samples were taken.

26 August 2022 Odynophagia, fever, right submandibular adenopathy, cervical pain.
Swollen tonsils and ulcerative lesions on the right tonsil.
Anti-inflammatory drugs and amoxicillin were prescribed.

27 August 2022 Chest pain elevated cardiac markers. Diagnosis of myopericarditis.
Anti-inflammatory treatment was initiated, and colchicine was.

28 August 2022 Tecovirimat started.

1 September 2022

Cardiac magnetic resonance was performed. Hospital discharge.

7 September 2022 Blood test.
No blood test abnormalities.
9 September 2022 Follow-up by the Infectious Diseases Department.

10 September 2022
18 September 2022
20 September 2022

5 October 2022

No side effects with tecovirimat.
Almost completely recovered. Persistently swollen submandibular adenopathy.

End of tecovirimat.
End of quarantine.
Pharyngeal samples for HPMX were taken on and were negative.

The patient was fully recovered and asymptomatic.
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Day 1 Day2 Day 3 Day 4
CRP (mg/l) 84.4 939 110.5 747 376
Tn-1 (ng/ml) 206 118 48 07 0.1
WBC (10" 3/ml) 936 9.92 11.10 11.80 11.40
Fibrinogen (mg/dI) 502,10 300 N/A N/A N/A
BNP (pg/ml) <16 N/A N/A N/A N/A
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Fluid therapy

Congenital absence of
pericardium was found
accidentally.

The left ventricular wall
was extensively
contused and ruptured.

Fluid resuscitation Ventilator therapy
Hyperensort Imageological examination
Imageological examination Laboratory examination
Laboratory examination Electrocardiography ...
Electrocardiography A
Thoracic close drainage ...
The closed
Car Transferred to Exploratory laparotomy thoracic drainage
accident the intensive Found rupture of spleen tube was
care unit removed
Oh 1.5h 6h 11h 14 h 16 h Day 7
Admitted to the Bedside ultrasound Back to the
emergency room revealed massive intensive care
; ascites unit

Fluid resuscitation
Laboratory examination
Electrocardiography ...

Sputum suction Exploratory
thoracotomy
Day 8 Day 8 Day 8
2 pm 6 pm 10 pm
The patient Died
presented with Refused
severe shock. A to autopsy

Fluid resuscitation
Hyperensort

Bedside ultrasound
Thoracic close drainage
(haemothorax)
Imageological examination
Laboratory examination
Electrocardiography ...
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First author,
year (reference)
Fan et al, 2018 (14)

Age

Adolescent

Heart
failure

Involved vessels

Stenosis of distal thoracic aorta

Surgical modalities

Stent

Outcome

Improvement

3 years

Fan et al, 2018 (14)

Adolescent

Stenosis from thoracic to abdominal aorta

Balloon angioplasty

Improvement

6 months

Sugawara et al, 2020 (22)

8 years

Occlusion of descending aorta

Axillo-external liac artery
bypass

Improvement

10 years

Nakata et al, 2022 (9)

1 year

Occlusion of distal thoracic aorta

Graft interpose

Improvement

2 months

Pavic et al,, 2019 (10)

35 months

Thrombosis of distal aorta and iliac
arteries

Thrombectomy

Death

F female: M. male.
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Aleksandra Milovancev, et al.

Myocardial infarction with non-obstructi fes in a patient doubl
basement membrane and anti-neutrophil cytoplasmic antibodies: A case report

Marcell Krall, et al.

Case Report: Danon Disease: Six Family Members and Literature Review

Yuanyuan Wang, et al.

Case report: Pulmonary arterial hypertension in ENG:related hereditary hemorrhagic telangiectasia

Dong Liu, et al.

Case Report: An Unusual Case of Pheochromocytoma
Case Report: Family Curse: An SCNSA Mutation, .611C>A, p.A204E Associated With a Family History of
Dilated Cardiomyopathy and Arrhythmia

Ying Liao, et al.
‘Wen Huang, et al.

Case report: From monkeypox pharyngitis to myopericarditis and atypical skin lesions

Marfa Ascensién Sanromdn
Guerrero, et al.

Case report: Conquer a complex variant: Coronary-pulmonary artery fistulas, atrial septal defect and bicuspid
pulmonary valve, under beating heart surgery

Ting Zhou, et al.

Case report: Coronavirus Disease 2019 (COVID-19) modified RNA vaccination-induced Adult-Onset Still's
Disease with fulminant myocarditis as initial i

Mi Zhou, et al.

Case report: Sudden cardiorespiratory collapse in a healthy male after coronavirus disease 2019 vaccination at a
vaccination center

Cze Ci Chan, et al.

Multisystem immune-related adverse events due to toripalimab: Two cases-based review

Yanran Chen, et al.

A case report and review of literature: Tuberculous pericarditis with pericardial effusion as the only clinical
manifestation

Shipeng Wang, et al.

Case report: A novel surgical technique for rapid valve-in-ring implantation into the native aortic annulus during
left ventricular assist device implantation

Yuriy Pya, et al.

Case report: Severe dry cough associated with superior vena cava syndrome—Caused recurrent chylothorax

Ziming Wan, et al.

Multimodal Imaging for Total Anomalous Systemic Venous Drainage Diagnosis and Preoperative Planning:
A Case Report and Literature Review

Mingyan Ding, et al.

Massive pleural effusion following high-power and short-duration radiofrequency ablation for treatment of atrial
fibrillation: A case report and review of the lterature

Miaomiao He, et al.

Delayed cardiac rupture with congenital absence of pericardium after blunt trauma

Tuo Shen, et al.

educing the duration of positive-pressure ventilation for large mediastinal masses

Zaili Zhang, et al.

Metastatic myxoid liposarcoma arising from the right atrium extends as cardiac tamponade—A rare
case of atrial oncology

Muralidharan Thoddi
etal

Right atrial cardiac lipoma with distinctive imaging ics. A rare case report and literature review

Qiqing Chen, et al.

Successful simultaneous stenting of a pulmonary artery and vein in pulmonary vascular stenosis due to silicosis.
Case report and literature review

M. Westhoff, et al.

An adult female patient with single atrium and single ventricle undergoing appendectomy: A case report

Yu Wu, et al.

Acute myocardial infarction after inactivated COVID-19 vaccination: a case report and literature review.

Weimei Ou, et al.

Case report: Aortoesophageal fistula—an extremely rare but life-threateni cause of

Alexis Ching Wong, et .
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rameter Baseline Pl

Body composition

Body height (cm) 177.5 177.5 177.5
Body mass (kg) 777 737 774
BMI (kg/m?) 252 238 25

Fat mass (%) 176 139 167
Muscle mass (%) 419 439 23
Visceral body fat (%) 7 6 7

Basal metabolic rate (keal) 1775 1,720 1,768

Laboratory analysis

GLUC (mmol/l) 6 39 58
(4.1-6.1)

CKI (U/L) 226 424 486
(26-100)

MBI (U/L) 28 53 19
(7-25)

BUN (mmol/l) 68 83 43
(25-7.5)

URCA (umol/l) 341 484 379
(208-428)

CRE (umol/l) 92 100 111
(62-106)

LDI (U/L) 210 327 204
(125-220)

AST (U/L) 21 39 31
(5-34)

ALT (U/L) 40 32 12
(5-55)

S-HS Troponin I (ng/L) 10 10 10
(<10)

S-NT-proBNP (pg/ml) 12.1 268 87
(125)

WBC (10°/L) (4-11) 623 2261 1277
NEUT (10°/L) (2-7.6) 218 2028 10.36
LYMPH (10°/L) 318 117 155
(132-357)

MONO (10°/L) 071 L14 084
(0.30-0.82)

EO (10°/L) 0.15 0.01 001
(0.04-0.54)

BASO (10°/L) 001 0.01 001
(0.01-0.08)

RBC (10'2/1) 538 531 52
(4.50-6.50)

HGB (g/L) 158 155 153
(130-170)

HCT (L/L) 0.461 0.448 0438
(0.400-0.540)

MCV (L) 855 84.4 842
(80.0-100.0)

MCH (pg) 294 292 294
(27.0-32.0)

MCHC (g/L) 343 346 349
(320-360)

RDW-SD (fL) 412 402 402
(37.0-54.0)

RDW-CV (%) 133 13 13.1
(11.0-16.0)

PLT (10°/L) 172 202 183
(150-400)

MPV (fL) 9.4 103 9.8
(6.0-11.0)

PDW (fL) 10.6 117 103
9.0-17.0)

P-LCR (%) 20.7 264 28
(13.0-43.0)

PCT (L/L) 00016 0.0021 0.0018

(0.0015-0.0050)

ALT, alanine aminotransferase, AST, aspartate aminotransferase, BASO, basophils; BL, baseline
measurement; BMI, body mass index; BUN, blood urea nitrogen, CKI, creatine kinase;
CRE- Creatinine, EO, eosinophils; GLUG, blood glucose level; HCT, hematocrit level; HGB,
hemoglobin level; LDI, Lactate dehydrogenase; LYMPH, lymphocytes; MBI, creatine kinase-
MB isoenzyme; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration; MCV, mean corpuscular volume; MONO, monocytes; MPV, mean platelet
volume; NEUT, neutrophils; P1, phase one (rapid weight loss & high intensity training); P2,
phase two (high intensity training); PCT, procalcitonins PDW, platelet distribution width; P-
LCR, platelet-large cell ratio; PLT, platelet; RBC, red blood cells; RDW-CV; range of variation
of red blood cell volume that is reported as a part of a standard complete blood count; RDW-
SD, differences in the volume and size of red blood cells (standard deviation); S-HS Troponin I,
high sensitivity cardiac troponin; S-NT-proBNP, NT-pro B-type Natriuretic Peptide; Potassium,
potassium concentration; $-Sodium, sodium concentration; URCA, Uric acid, WBC, white
blood cells.
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Total Cases of Cases of Cases of PV Cases with PV stenosis, | PV stenosis, | PA stenosis, | PA stenosis, Disease
cases isolated isolated and dilatation + dilatation dilatation dilatation dilatation
PV stenosis PA stenosis | PA stenosis stenting only. and only and
stenting stenting

Ahn et al, 2015 (40) silicosis
Albers et al, 2011 (7) a. = Fibrosing Mediastinitis
Argueta et al,, 2019 (33) Fibrosing Mediastinitis
(Coccidioidomycosis)
Condado et al., 2016 (41) Sarcoidosis
Duan et al, 2022 (42) Fibrosing Mediastinitis
Doucet et al,, 2015 (43) = Fibrosing Mediastinitis
(Histoplasmosis)
Fibrosing Mediastinitis
Fibrosing Mediastinitis
Fibrosing Mediastinitis
Fibrosing Mediastinitis
Sarcoidosis
Fibrosing Mediastinitis

Doyle et al., 2001 (44)
Ferguson et al, 2010 (45)
Guerrero et al, 2001 (46)
Li et al, 2020 (29)

Liu et al,, 2015 (47)
Ingraham et al., 2022 (6)
Kandzari et al., 2000 (48)
Peikert et al,, 2011 (3)

D
o] |S]S

N=1
N=3
N=1
N=1
N=8
N=1
N=1

Fibrosing Mediastinitis
Fibrosing Mediastinitis (incl.
Histoplasmosis)

Ponamgi et al, 2015 (49) Fibrosing Mediastinitis
Satpathy et al, 2011 (50) = Fibrosing Mediastinitis
(Histoplasmosis)

Seckeler et al,, 2021 (32) Fibrosing Mediastinitis
(Coccidioidomycosis)
Shapiro et al, 2005 (51) Fibrosing Mediastinitis
Smith et al, 2011 (52) N Fibrosing Mediastinitis
“Thiessen et al, 2007 (53) Fibrosing Mediastinitis
Unger et al,, 2015 (30) Fibrosing Mediastinitis
Valentin et al, 2016 (54) Fibrosing Mediastinitis
Welby et al, 2021 (55) Fibrosing Mediastinitis
Westhoff et al, silicosis

Yang et al, 2021 (56) Fibrosing Mediastinitis
Zhang et al,, 2018 (28) 5 Silicosis, Anthracofibrosis
Zhou et al,, 2019 (57) 5 Fibrosing Mediastinitis
Totals

ZZZZ?ZZZ

z
v
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Total Cases of isolated | Cases of isolated | Cases of PV and Disease
PV stenosis PA stenosis PA stenosis

Beaconsfield et al, 1998 (8) Tuberculosis
Chang et al,, 2012 (9) Fibrosing Mediastinitis
Cimenoglu et al,, 2019 (10) Fibrosing Mediastinitis
Co et al,, 2018 (4) Fibrosing Mediastinitis
Cohen et al., 1996 (11) Tuberculosis
Cosio et al., 1973 (12) Fibrosing
Damuth et al,, 1980 (13) Sarcoidosis
Gustafson et al., 2012 (14)
Hasegawa et al., 2012 (15)
Kolbe et al., 1997 (16)
Lee et al, 2014 (17)
Leong et al,, 2008 (18)
Li et al,, 2018 (19)
Mahnken et al, 2001 (20)
Mangla et al,, 1985 (21)
Nelson et al,, 1965 (22)
Ojeifo et al., 2015 (23)
Papandreou et al., 1992 (24)
Perez et al, 1999 (25)
Songster et al., 2020 (26)
Yazaki et al, 2021 (27)
Totals

Fibrosing Mediastinitis (Histoplasmosis)

Sarcoidosis

Fibrosing Mediastinitis

i
ZZZ?ZZZ

Fibrosing Mediastinitis

Fibrosing Mediastinitis

Fibrosing Mediastinitis

Silicosis

Sarcoidosis

Fibrosing Mediastinitis

Tuberculosis

Fibrosing

Coccidioidomycosis

Fibrosing Mediastinitis (Histoplasmosis)
Anthracofibrosis
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Author

Lie (9)
Terasaki (10)

Ramakrishna
(1)

Hayashi (12)
Schoppet (13)

Shanks (14)

Petersen (15)
Ferrari (16)

Henvier (17)

Setoguchi (18)
Zardkoohi (19)

Courand (20)

Levine (21)

McAleavey (22)
Correia (23)
Hra (24)
Zaleska (25)
Bouiller (26)
Bouabdallaoui
@7)

Hase (26)

Beck (29)
Ammirati (30)
Glaveckaite (31)
Bluett (32)

Plenzig (33)
Dalia (34)

Miyazaki (35)

A (36)

Ferreira (37)

Dey (38)

Chaudhry (39)

Gill(40)

Lopes (41)

Givelli (42)

Colantuono (43)

Higashitani (44)

Kurihara (45)

Inaba (46)

Case

10
11

20

21

22

23

24

25
26

27

28

29

30

31

32

33

34

35

36

37

38

Age/sex Cl

39M
43/F

34/F

26/F

50/F

51/F

53/F
25M

42/na

60/M
7M™

22M

55/M

22/F

67/F

55/M

63/F

21M

50M

75/F

25/M

41/F

28/M

51/M
19/M

60/M

65/F

65/F

60/F

a4/F

22M

62/M

19/M

46F

66/F

61/M

features

(Extracardiac

organ
involvement)

BA
BA, CS, PNS

BA, CS, ENT,
PNS, Skin
BA, CS, ENT,
Lung

BA, PNS

BA, PNS,
Skin

BA, Lung
None

BA, ENT

BA, PNS
BA, CS, ENT,
Lung, PNS
BA, CS, ENT,
Gl, Kidney,
Lung

BA, Joint,
Muscle, PNS,
Skin

BA, ENT,
Joint, Skin
BA, CS, ENT,
Lung, PNS
BA, PNS,
Skin

BA, ENT,
Lung

BA, ENT

BA, PNS

BA, ENT,
Joint, Muscle,
PNS, Skin

BA, ENT
ENT

BA, ENT, PNS
BA, CS, Lung

BA, CS
BA, ENT,
Lung, PNS
BA, PNS

BA, ENT,
PNS, Skin
BA, ENT,
Muscle, PNS,
Skin

BA, CS, ENT,
Kidney, PNS,
Skin

BA, ENT, GI,
Kidney

BA, ENT,
Lung

BA, ENT,
Lung, PNS
BA, CNS, G,
Kidney, Skin
BA, GI, PNS,
Skin

BA, Lung,
Muscle, PNS
BA, PNS

BA, CNS, CS,
ENT, Skin

Diagnosis at
presentation

SCD
Cl

Right ventricular
thrombus, PN
Cl

Cl

cs

ACS
cs

Abdominal pain

ACS
CS, ACS

cs

Stroke

Systemic
vasculitis

ACS

Cl,PN

al

Chest Pain and
dyspnea

cs

ACS

ACS
cs

Cardiac
tamponade, PE

Perimyocarditis

SCD
AF with RVR

Cl

Cl

Systemic
vasculitis

ACS

Cl, ischemic
colitis

ACS

Cl

Cl

Colitis
Muscle
weakness, Cl

Cl

Systemic
vasculitis

*Revised
2021
FFS

na

0

0

0

1

2

0

Laboratory findings

AEC (%)
mme]

na
16,285
(66%)
3,660 (23%)
3,300 (29%)
na (39%)

5,600 (60%)

2,880 (60%)
na (50%)

9,700 (60%)

Elevated
1,850 (20%)

7,700 (51%)
12,818
(58%)
15,750 (na)
3,830 (na)
10,450
(68%)
3,880 (31%)
3,480 (25%)
4,470 (34%)

11,432
(65%)

Elevated
na (64%)
Elevated

3,400 (25%)

na
12,960
(45%)
15,310
61%)

23,000 (na)

11,280
(60%)

17,000
(69%)

8,463 (39%)
7,230 (42%)

11,700
(48%)
13,046
(46%)

13,470 (na)

3,250 (na)
30,609

(©6%)
7,788 (45%)

ANCA
status

na
Present

Absent

Absent

Absent

Absent
na

Absent

Absent
Absent

Absent

Absent

Absent

Absent

Absent

Absent

Absent

Absent

Present

na

Absent

na
Absent

Absent

Absent

Absent

Present

Absent

na

Absent

Absent

Absent

Absent

Absent

Present

Cardiac Imaging

LVEF [%]

na
Reduced
30-35
19
30

25

na
<30

na

Preserved
15

30

57

Preserved
Preserved
30

29

30-40

Preserved

<45%
25

na

40
28

32

Preserved

20-25
na

<30%
18
40
4
Y

Preserved

na
Present

Absent

Present

Present

Present

Absent
Present

Absent

Present
Absent

Present

Absent

Present

Present

Absent

Present

Present

Absent

Absent

Absent

Absent

Present

Absent

na
Present

Absent

Absent

Present

Present

Absent

Present

Absent

Present

Absent

Present

Absent

Absent

Myocardial
histopathology

NEM, Coronaritis
EM

NEM, Granuloma

NEM

EM, Granuloma

EM

Not performed
EM, Granuloma

NEM, Vasculitis
NEM, Vasculitis

EM, Mural
thrombus

Lymphocytic
Myocarditis

EM

Not performed
EM

Not performed
Not performed
EM, Mural
thrombus

Not performed

EM

EM

NEM

Not performed

EM

EM, Granuloma
Not performed

EM

EM

Not performed

Not performed

NEM

Not performed

EM

EM

EM

EM

EM

Not performed

LGE pattern on
CMR

Not performed
Not performed

Not performed
Not performed
Not performed
Not performed

Diffuse SEndo
Diffuse midwall

Not performed

Not performed
Not performed

Difiuse SEndo,
patchy micwall

Partial SEndo

Partial SEndo
Not performed
SEndo

Diffuse SEndo,
patchy micwall
Patchy midwall
and SEpi

Patchy SEndo,
ICTh

No LGE

Difiuse SEndo,
ICTh
Patchy SEndo
Diffuse SEndo,
ICTh
Patchy SEndo

Not performed
Patchy midwall

Diffuse SEndo
with Foci

Patchy midwall

Patchy SEndo
with Foci

Patchy midwall
and Tm

Not performed
Patchy SEndo
Diffuse SEndo
Diffuse SEndo
Diffuse SEndo
with Foci
Patchy midwall

Not performed

Foci

Immunosuppressive Outcome
treatment

Not performed Died

GCs Worsened

PGCS/GCs Improved

PGCs/GCs SCD

GCs/AZA Partial cardiac
recovery

acs Improved

GOs na

GCs/CYC Partal cardiac
recovery

Not performed SCD dueto
VF

Not performed scD

PGCS/GOS/MTX Improved

PGCS/GCS/pCYC/AZA Improved

PGCS/GCs scD
PGCS/GCs/CYC Improved
PGCS/GCS/CYC Improved
GCs/CYC Partial cardiac
recovery
GCs/CYC Partial cardiac
recovery

PGCS/GCs/pCYC/AZA  Improved

PGCS/GCs Partial cardiac
recovery

GCs No change

GCs Died

PGCS/GCs/MTX Partial cardiac
recovery

GCS/AZA Improved

PGCs/GCs/Imanitb ~ Partial cardiac

recovery
na Died
PGCS/GCS/PCYC  Improved
PGCS/GOS/AZA Improved
PGCS/GOS/AZA Partial cardiac
recovery
PGCS/GCS/CYC Improved

PGCS/GCs/CYC/AZA  Improved

pGCs/GCs Died

PGCs/GCs/CYC/AZA  Improved

PACS/GCS/PCYC  Partial cardiac
recovery
PGCS/GOs/CYC Improved

PGCs/GCs/Benralizumatimproved
PGCS/GCS/RTXMPZ  Partial cardiac
recovery

GCs na

PGCs/GCs/CYC/MG  Improved

EGPA, eosinophilic granulomatosis with polyangitis; BA, bronchiel asthm; CS, constitutional symptoms including fever, maleise, and weight loss; PNS, peripheral nervous system; ENT, ear-nose-throat; G, gastrointestinal; CNS, cental
nervous system; SCD, sudden cardiac death; Cl, cardiac insuficiency; PN, peripheral neuropathy; CS, cardiogenic shock; ACS, acute coronary syndrome; PE, pericarcial effusion; AF with RVR, atrial fibrilation with rapid ventriculer
response; AEC, absolute eosinophilic count; ANCA, anti-neutrophil cytoplasmic antibodies; LVEF, left ventricuiar ejection fraction; LGE, late gadolinium enhancement; CMR, cardiac magnefic resonance; NEM, necrotizing eosinophilic
myocarditis; EM, eosinophilc myocarcitis; SEndo, subendocardial; SEpi, subepicardial ICTh, intracardiac thrombosis; Tm, transmural; GO, glucocorticoids; p, pulse; AZA, azathioprine; CYC, cyclophosphamide; MTX, methotrexate; RTX,
rituximab; MPZ, mepolizumab, IVIG, intravenous immunoglobulin; VI ventricular fibrillation; na, not available.
*Revised 2021 Five-Factor Score (FFS): The presence of each factor is given one point. The FFS score is converted to 0 if none of the factors are present, 1 if one factor is present, and 2 if two or more factors are present, respectively.
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July 29

Admission
July 29"

July 31t
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September 201

The patient felt head pain, dizziness, accompanied by nausea
and vomiting, and accompanied by palpitation and fatigue.
Syncope occurred repeatedy for four times, with headache
and palpitation before syncope.

The patient experienced syncope three times.

The patient experienced syncope again, ECG monitoring
showed torsade de pointes (TdP) (it was a pity that the ECG
was not recorded in time), which was converted with
cardiopulmonary resuscitation. The patient was admitted to
the coronary care unit (GCU) and started to receive further
treatment.

Echocardiography revealed hypertrophic ventricular wall with
ejection fraction (EF) of 63%.

Coronary CT angiography (CTA) suggested mild stenosis of
the left anterior descending branch. Chest CT and cerebral
CT were basically normal. The unenhanced abdominal CT
Tight adrenal heterogeneous mass (45 HU) was detected.
The abdominal CT scan detected a 53 x 58mm right adrenal
heterogeneous mass,

The patient undenwent endoscopic retroperitoneal
adrenalectomy.

The patient’ ECG was completely normal with QTe of 404 ms.
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Date Hour Sodium Potassium Chloride Bicarbonates TP Urea Creat.  Calcium  Phos. Mg
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (g/L) (mmol/L) (wmol/L) (mmol/L) (mmol/L) (mmol/L)

—————————————————————— Pre-delivery ————
Day0  1l:40am. 138 490 106 2 58 47 89 ND. ND. ND.
77777777777777777777777 Post-delivery —————
Dayl  05:00a. 139 429 106 19 7 52 77 ND. ND. ND.
07:55 p.m, 136 140 103 2 6 49 88 ND. ND.
11:55 p.m. 136 440 102 23 70 46 98 207 1.82
Day2  06:00a.1 137 3.60 103 24 61 4.1 76 1.86 1.87
11:00am. 138 350 104 2% 64 34 7 190 0.6 L3
1225 pm. 138 390 106 2 6 32 70 190 070 132
07:50 p.m. 136 441 105 24 69 26 70 2.06 0.71 L13
Day3  05:00am. 136 430 104 2 68 34 69 219 ND. ND.
Dayd  06:12am. 139 450 107 21 70 38 66 227 0.97 102
Day5  09:00am. 140 430 105 2 7 38 69 237 101 038

TP, total proteins; Creat, creatini
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Echocardiograph indexes, mm

LA Lv RA RV VS LVPW EF (%) Note

2003/12/22 31.2 424 Normal Normal 13.5 PWT13.5, AWT14.0, SWT13.8 60

2012/5/23 36 46.2 Normal Normal 10.4 PWT10, SWT11.9 59 Mild mitral and tricuspid regurgitation

2014/8/17 32 46 31 17 15 13 50

2015/3/8 33 40 30 18 14 12 52

2015/11/21 33 45 30 16 13 13 56 Mild mitral and tricuspid regurgitation

2017/11/21 34 46 30 16 11 10 59 Mild mitral regurgitation

2019/3/22 36 45 34 20 10 10 51 Mild tricuspid regurgitation; mild
pulmonary artery hypertension

2020/6/28 36 56 34 22 7 8 41 Mild mitral regurgitation

2020/9/25 40 59 Normal Normal 13 11 31 Mild mitral regurgitation; Left atrial
appendage thrombosis

2021/1/4 42 57 Normal Normal 13 11 24 Mild mitral and tricuspid regurgitation;

Left auricular hypercoagulability; mild
pulmonary artery hypertension

2021/6/29 40 55 42 38 10 8 34 Mild mitral and tricuspid regurgitation;
Moderate pulmonary artery
hypertension (65 mmHg)

2021/8/16 42 59 Normal Normal 13 11 22 Mild mitral regurgitation; Moderate
tricuspid regurgitation; mild pulmonary
artery hypertension (41 mmHg)

EF, gjection fraction; IVS, interventricular septum thickness; LA, left atrium; LV, left ventricle; LWPW, left ventricular posterior wall thickness; RA, right atrium; RV,
right ventricle.
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AGE(year) LVDd(mm) IVST(mm) PWT(mm) LVEF(%) BNP (pg/mi)

6 36 5 60

9 54 75 6 27 9,930
95 83 6 24 1,380
10 84 7 6 23 2,040
Heart transplantation

10 44 9 8 60 123
11 41 9 8 64 122
1.5 39 9 85 7 6.8

LVDd, Left ventricular end-diastolic diameter; IVST, Interventricular septum thickness;
PWT, Posterior wall thickness; LVEF, Left ventricular ejection fraction; BNP. Brain
natriuretic peptide.
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