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Danon Disease Presenting as Refractory Chronic Lymphocytic Myocarditis: A Case Report
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ABSTRACT 

	Introduction: Myocarditis is a challenging diagnosis that can progress to severe cardiomyopathy and sudden cardiac death. In refractory cases, an underlying genetic etiology should be strongly suspected. This report highlights a rare presentation of Danon disease mimicking chronic lymphocytic myocarditis.

Case Presentation: A 26-year-old female presented with progressive fatigue, dyspnea, and non-specific chest discomfort, suggesting heart failure (HF). Initial investigations revealed an irregular pulse, hypotension (80/50 mmHg), elevated high-sensitivity Troponin I, and severe electrical abnormalities (atrial fibrillation, complete heart block). Transthoracic echocardiography (TTE) showed biventricular hypertrophic cardiomyopathy (HCM) with a severely reduced left ventricular ejection fraction (LVEF 15%). An endomyocardial biopsy (EMB) confirmed chronic lymphocytic myocarditis.

Diagnosis and Treatment: The patient’s symptoms worsened following discontinuation of initial empirical immunosuppressive therapy, necessitating a comprehensive work-up. The combination of refractory myocarditis and HCM prompted genetic testing. This revealed defective splicing of the lysosome-associated membrane protein 2 (LAMP2) gene, confirming the diagnosis of Danon disease, an X-linked lysosomal storage disorder. The patient was re-initiated on a tailored regimen of immunosuppressives (corticosteroids) and immunomodulators (Tacrolimus and Mycophenolate).

Outcome and Conclusion: The combined therapeutic approach led to a favourable clinical outcome, with the patient remaining stable and TTE demonstrating an improved LVEF of 25% after six months. This case underscores the importance of considering rare inherited cardiomyopathies, such as Danon disease, in young patients presenting with unexplained, refractory chronic myocarditis, especially those with hypertrophic features, to guide appropriate disease-specific management.
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Introduction
Myocarditis is a challenging diagnosis due to its protean clinical features, ranging from mild, self-resolving symptoms to severe heart failure and sudden cardiac death [20, 14]. While many cases are treated empirically, failure to identify the exact etiology risks progression to chronic dilated or hypertrophic cardiomyopathy, leading to high mortality [3, 21]. Guidelines, such as those from the Japanese Circulation Society, emphasize the need for detailed investigations, including endomyocardial biopsy, immunohistochemical analysis, and serum autoantibody testing, to guide specific therapy [22, 23]. Histological classification based on inflammatory cell infiltrate (e.g., lymphocytic) is key to differentiating potential underlying causes [23].

Myocarditis is a prominent feature of inherited cardiomyopathies [1]. Danon disease, specifically, presents as chronic lymphocytic myocarditis that rapidly progresses to cardiomyopathy and sudden cardiac death due to the underlying genetic defect [7]. Danon disease, an X-linked lysosomal storage disorder caused by a defect in the LAMP2 gene, classically presents with a triad of hypertrophic cardiomyopathy (HCM), skeletal myopathy, and intellectual disability [32, 33]. The pathophysiology involves impaired autophagy due to the defective LAMP2 protein, leading to the accumulation of autophagic vacuoles and glycogen within the myocardium, which drives the severe inflammatory and hypertrophic response [34]. Therefore, in cases of suspected chronic inflammatory cardiomyopathy, a comprehensive diagnostic strategy is mandatory to transition from generic treatment to a disease-specific therapeutic plan.




CASE PRESENTATION
A 26-year-old female presented to the emergency department with primary complaints of progressive fatigue and generalized weakness, which were exacerbated by exertion. These symptoms were also accompanied by progressive dyspnea, palpitations, and non-specific chest discomfort associated with tachypnea. Her recent daily activities were significantly limited, with symptoms showing transient improvement at rest. These symptoms had been observed for approximately three to four months. There was no prior history of such episodes, and no significant medical or surgical backgrund related to the condition.
The subsequent patient history revealed a family background of hypertension and diabetes mellitus in both parents. Crucially, the patient recalled a vague memory of her paternal grandmother dying in her late forties due to an unspecified "heart problem." The patient also reported a maternal history of chronic allergy, which typically aggravated during the summer season.
Based on the clinical presentation and history, the initial differential diagnosis focused on a cardiopulmonary etiology, but given the non-specific nature of the symptoms, endocrine and respiratory abnormalities were also considered. Subsequent steps included a physical examination and necessary laboratory and radiological investigations to determine the precise cause. On physical examination, the patient appeared disoriented and had difficulty concentrating during questioning. Vitals were notable for an irregular pulse of 66 beats per minute (bpm) and hypotension (80/50 mmHg). Chest palpation and percussion revealed no significant signs of overt cardiopulmonary disease. However, auscultation revealed a systolic murmur loudest at the cardiac apex and bilateral crackles over the lung fields.
Considering the physical findings, initial laboratory blood tests were ordered, including a complete blood count (which showed elevated lymphocytes but a C-reactive protein (CRP) within the normal limit) and high-sensitivity Troponin I (hs-cTnI). The hs-cTnI result was elevated, prompting suspicion of myocardial injury, despite the patient's low-risk demographic for typical myocardial infarction. (Addition Point 1: Added Troponin Rationale) Acute myocardial infarction, while rare in this age group, was considered due to the presenting symptoms and elevated hs-cTnI, requiring further cardiac assessment.

An electrocardiogram (ECG) was performed to evaluate the heart's electrical activity, revealing atrial fibrillation, ventricular extrasystole, and severe conduction abnormalities. Given the constellation of clinical features, the patient was referred for cardiology consultation. A transthoracic echocardiography (TTE) was performed under the supervision of a cardiologist to exclude structural heart disease, which proved to be a critical diagnostic step. The TTE indicated biventricular hypertrophic cardiomyopathy (HCM). (Professional diagnosis) The patient was immediately started on medical heart failure (HF) therapy to mitigate further structural and functional decline.

The next crucial investigation was an invasive procedure: endomyocardial biopsy (EMB). The EMB yielded a major finding of myocarditis with predominantly lymphocytic infiltration (other blood tests had ruled out acute active infections). In suspicion of an underlying autoimmune disorder, immunosuppressive therapy was initiated. Unfortunately, this initial therapy proved ineffective, and the patient presented with a recurrence and aggravation of similar symptoms two months later.

The persistent, refractory nature of myocarditis prompted the medical team to pursue a more in-depth etiological investigation. Given the ineffectiveness of immunosuppressive therapy and the presence of both chronic myocarditis and hypertrophic cardiomyopathy—a phenotype often associated with genetic disorders—genetic testing was performed. The test revealed a defective lysosome-associated membrane protein 2 (LAMP-2), leading to the definitive diagnosis of Danon disease (a form of glycogen storage disease). The patient was subsequently re-initiated on a modified immunosuppressive regimen (steroid therapy) combined with immunomodulators. This tailored treatment resulted in a satisfactory clinical and radiological outcome after a six-month follow-up. During this follow-up, structural abnormalities showed improvement, and the patient remained clinically stable.

INVESTIGATIONS
At presentation (Month 0), laboratory tests showed elevated lymphocytes with a normal CRP, excluding an active infectious process. High-sensitivity Troponin I was slightly elevated, but creatine kinase–myocardial band (CK-MB) and thyroid function tests (TFT) were normal. These findings were critical in excluding differential diagnoses such as acute myocardial infarction and hypothyroidism.
Electrocardiogram (ECG) findings included ventricular extrasystole, conduction abnormalities, and atrial fibrillation. These electrical anomalies strongly indicated an underlying cardiac pathology, prompting the Transthoracic Echocardiography (TTE). TTE revealed dilated hypertrophic cardiomyopathy with a severely reduced left ventricular ejection fraction (LVEF) of 15%. The Endomyocardial Biopsy (EMB) confirmed myocarditis with lymphocytic infiltration, while other relevant blood tests confirmed the absence of acute infection. The patient was initially treated with empirical immunosuppressive therapy. Electron microscopy performed in a similar study on both skeletal muscle and myocardial tissues demonstrated intracytoplasmic vacuoles containing autophagic structures and glycogen, findings that are typically observed in such conditions (Fig. 1) [17].
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Figure (1). Biopsy of skeletal muscle tissue (A) and myocardial tissue (B) Histological features37.

Two months later, following treatment discontinuation, the patient presented with similar clinical features. Repeat ECG and TTE were consistent with previous findings, additionally showing evidence of complete heart block. Cardiac magnetic resonance imaging (CMR) demonstrated left ventricular transmural gadolinium enhancement, consistent with active myocarditis. This persistence of refractory myocarditis in the context of hypertrophic cardiomyopathy warranted genetic screening.
Genetic testing identified abnormal splicing of the lysosome-associated membrane protein 2 (LAMP2) gene, confirming the diagnosis of Danon disease. Immunomodulators were subsequently added to the re-initiated immunosuppressive therapy.

Six months after follow-up, TTE demonstrated a compensated myocardium with an improved LVEF of 25% and a stable physical status. The patient was advised to continue the current therapeutic regimen.

DIFFERENTIAL DIAGNOSIS
The initial differential diagnosis was structured as follows:
1.	Myocardial Infarction (MI): Suspected due to chief complaints of chest discomfort, exertional fatigue, and dyspnea. This was largely excluded by the physical examination and normal CK-MB levels, despite the slightly elevated hs-cTnI.
2.	Hypothyroidism: Considered due to the patient's generalized weakness and young female age group. This was ruled out by the normal Thyroid Function Test (TFT) results.
3.	Respiratory System Involvement (Infection/Allergy): Considered due to the maternal history of allergy, chest discomfort, and dyspnea. This was excluded by the normal CRP, physical examination, and a normal Chest X-ray (not explicitly detailed but a standard exclusion for pulmonary causes).

TREATMENT
At month zero, the patient commenced Guideline-Directed Medical Therapy (GDMT) for heart failure, including a beta-blocker (Carvedilol – 3.125 mg twice daily) and Ivabradine (5 mg twice daily). Given the TTE evidence of myocarditis without acute infection, oral corticosteroids (Methylprednisolone 1 mg/kg for 3 days, then tapered to 5 mg/day) were initiated as empirical immunosuppressive therapy. However, the patient discontinued these medications and presented two months later with symptom exacerbation.
Following the definitive diagnosis of Danon disease via genetic testing, the patient was re-initiated on oral corticosteroid immunosuppressive therapy, with the addition of immunomodulators (Tacrolimus – 1 mg twice daily and Mycophenolate – 50 mg twice daily). This comprehensive regimen led to clinical and radiological improvement confirmed after the six-month follow-up period.

OUTCOME AND FOLLOW-UP
Initial management with oral corticosteroids offered only marginal improvement, with the patient experiencing worsened symptoms following treatment discontinuation. The introduction of the combined immunosuppressive and immunomodulatory regimen, following the diagnosis of Danon disease, yielded a significantly better outcome.
After a six-month follow-up, the patient was clinically stable. TTE showed a compensated myocardium with minimal inflammation and an improved LVEF of 25%. The ECG reflected stable electrical activity without sustained ventricular tachycardia.


DISCUSSION
Myocarditis, defined as inflammation of the myocardium, is a diverse pathology linked to various etiologies, including microbial infections, autoimmune disorders, genetic conditions, and chemical intoxication [1]. 1It represents a significant cause of sudden cardiac death (SCD) in the younger population (typically under 40 years) by progressing to chronic inflammatory dilated or hypertrophic cardiomyopathy [2]. Early and accurate etiological diagnosis is crucial, as chronic cardiomyopathy develops in 20% to 30% of myocarditis cases and is associated with high morbidity and mortality [7].
In this case, the patient presented with clinical features suggestive of heart failure, and the initial EMB findings of lymphocytic infiltration and inflammation [4] supported a diagnosis of isolated myocarditis. This finding initially suggested autoimmune conditions such as sarcoidosis or systemic lupus erythematosus, or an immune reaction to toxins, prompting the empirical use of immunosuppressive and heart failure therapy [5, 6]. (Addition Point 2: Added Diagnostic Relevance of Lymphocytic Myocarditis) It is critical to note that lymphocytic myocarditis, while often treated empirically, requires a thorough work-up to differentiate between idiopathic, post-viral, autoimmune, and genetic causes, as seen in this patient [14].
The patient's clinical deterioration despite initial therapy mandated further investigation. The combination of refractory chronic myocarditis and hypertrophic cardiomyopathy is highly characteristic of an underlying genetic disorder. The discovery of the defective LAMP-2 gene confirmed the diagnosis of Danon disease [7]. It is important to recognize that Danon disease is increasingly classified as an autophagic vacuolar myopathy, representing a primary defect in cellular waste removal (autophagy) rather than solely a glycogen storage disorder [25, 26]. The severe cardiomyopathy is a consequence of impaired lysosomal function.
Danon disease is an X-linked dominant inherited lysosomal storage disorder affecting the heart, skeletal muscle, and central nervous system [8]. The defective LAMP2 protein impairs autophagy, leading to the abnormal accumulation of glycogen and autophagic vacuoles within various tissues, particularly the myocardium, which drives progressive chronic inflammation and is the substrate for myocarditis and severe HCM, often culminating in SCD [7, 9]. The specific mutation and its impact on the LAMP-2B isoform are thought to be particularly relevant for the cardiac phenotype [27]. Other common cardiac manifestations include the conduction abnormalities and atrial fibrillation observed in this patient [1]. Danon disease is rare and often under-recognized by clinicians [10]. This case highlights the importance of considering this diagnosis in young patients with refractory myocarditis, especially those with hypertrophic features.
It is clinically essential to distinguish Danon disease from other glycogen storage diseases, notably Pompe disease (GSD II), given that both can involve HCM and extensive glycogen buildup [35]. Although both are lysosomal storage diseases causing vacuolar myopathy, the root causes differ: Pompe disease is an autosomal recessive condition resulting from a deficiency of acid alpha-glucosidase (GAA) [35]. Conversely, Danon disease is X-linked, defined by the LAMP2 gene defect, and specifically characterized by the accumulation of LAMP2-positive autophagic vacuoles without the GAA deficiency seen in Pompe disease [36].
The phenotypic expression of Danon disease exhibits a notable sex difference. Females generally present later (average age 25 to 35 years) and have a more variable clinical course compared to males (average age 10 to 15 years) [12]. While males predominantly present with HCM, females have a more equal distribution of HCM and Dilated Cardiomyopathy (DCM) phenotypes, often manifesting symptoms years later due to X-chromosome inactivation (lyonization) [28]. Females may also have less prominent or even asymptomatic skeletal myopathy [13]. However, cardiac involvement remains the primary determinant of prognosis in both sexes; one study noted that four out of six affected Italian females succumbed to SCD between the ages of 37 and 54 years [12].

Currently, there are no universally accepted, specific diagnostic criteria for Danon disease. Diagnosis relies primarily on the integration of clinical presentation, radiological findings, and confirmation via genetic analysis for abnormal LAMP2 splicing [8, 15]. The pathognomonic histological features observed on biopsy, such as the vacuolated cytoplasm on electron microscopy, should be leveraged to expedite diagnosis [14]. Furthermore, the presence of severe conduction disease, requiring pacemaker or defibrillator implantation, is highly characteristic in Danon disease and is a key prognostic marker often preceding severe heart failure [19].
The use of cardiac magnetic resonance imaging (CMR) to identify late gadolinium enhancement (LGE) is a crucial non-invasive tool, as LGE often correlates with myocardial inflammation and fibrosis, which precedes clinical deterioration and can guide the timing for aggressive therapy or ICD implantation [29]. Treatment for Danon disease is largely supportive and guided by standard ACCF/AHA guidelines for cardiomyopathy and heart failure [16]. A multidisciplinary team (MDT) including cardiologists, electrophysiologists, geneticists, and advanced heart failure specialists is essential [17, 18]. Definitive management for advanced cardiac failure is heart transplantation [17], while implantable cardioverter-defibrillators (ICDs) and ablation are effective for managing life-threatening arrhythmias [19]. Due to the monogenic nature and clear molecular target, novel therapeutic approaches, especially gene replacement therapy (using vectors like AAV9 to deliver a functional LAMP2 gene), are in clinical trial development and hold promise for disease-modifying treatment in the future [30, 31]. Genetic counselling is mandatory for affected families to explain the X-linked inheritance pattern and allow for cascade screening [8].

SUMMARY
A 26-year-old female presented with severe fatigue, dyspnea, and non-specific cardiac symptoms. Initial assessment, physical examination, and biomarker screening (elevated hs-cTnI, normal CK-MB) suggested a cardiac etiology. Subsequent investigations via ECG, TTE, and CMR revealed biventricular hypertrophic cardiomyopathy (LVEF 15%) and evidence of myocardial inflammation. Endomyocardial biopsy confirmed chronic lymphocytic myocarditis without active infection.
The initial heart failure therapy and empirical immunosuppression provided minimal, temporary relief. The persistence of refractory chronic myocarditis in the setting of HCM raised suspicion for an inherited cardiomyopathy. Genetic testing was pursued, which revealed defective splicing of the lysosome-associated membrane protein 2 (LAMP2) gene, establishing the diagnosis of Danon disease. This is a rare, X-linked glycogen storage disorder that typically manifests as cardiomyopathy.
Re-initiation of immunosuppressive therapy, augmented with immunomodulators, led to significant clinical improvement and stabilization of cardiac parameters over a six-month period.


CONCLUSION
Myocarditis requires prompt and accurate etiological identification to prevent progression to hypertrophic or dilated cardiomyopathy and subsequent sudden cardiac death. Danon disease, a rare inherited cardiomyopathy, can manifest as refractory myocarditis due to the abnormal accumulation of glycogen secondary to a defective LAMP2 gene. The classic triad of cardiac abnormalities, skeletal myopathy, and intellectual impairment should raise suspicion. Cardiovascular involvement is the leading cause of mortality.
This case underscores that patients presenting with severe, unexplained myocarditis, especially when associated with hypertrophic cardiomyopathy, warrant an in-depth investigation for genetic etiologies, even in young, low-risk patients. The final diagnosis and tailored treatment, including a combined immunosuppressive and immunomodulatory approach, led to a favourable outcome for this patient.

LEARNING POINTS
•	Inherited cardiomyopathy should be suspected in cases of unexplained, severe, or refractory myocarditis, particularly when associated with structural changes like hypertrophic cardiomyopathy.
•	Thorough investigation, including genetic testing and EMB, is crucial for diagnostic confirmation when empirical therapy fails.
•	Young females, despite being a low-risk population for common cardiac diseases, require continuous cardiac monitoring and investigation when presenting with suggestive symptoms.
•	In inherited cardiomyopathies, electrical and structural cardiac well-being must be continuously monitored, as the disease is progressive and carries a high mortality risk.
•	Primary care physicians must maintain a high index of suspicion for rare conditions like Danon disease, as its diverse symptom profile can easily lead to misdiagnosis.
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