
112

5 

J Rare Cardiovasc Dis. 

 

Journal of Rare Cardiovascular Diseases 
ISSN: 2299-3711 (Print) | e-ISSN: 2300-5505 (Online) 

www.jrcd.eu 
RESEARCH ARTICLE 

 

Case Series on Rare Metabolic Cardiomyopathies with 
Progressive Cardiac Dysfunction 
 

Dr. Anamika Pandey1 and Dr. Pokhraj Sahu2 
1Assistant Professor, Department of Biotechnology, Kalinga university Raipur, India,  
2Assistant Professor, Department of Biotechnology, Kalinga university Raipur, India 

 

INTRODUCTION 
Metabolic cardiomyopathies are a diverse group of rare 

disorders characterized by cardiac dysfunction resulting 

from underlying metabolic abnormalities. These 

conditions primarily affect the heart muscle, leading to 

progressive dysfunction due to disrupted biochemical 

processes such as mitochondrial dysfunction, abnormal 

energy production, and accumulation of toxic metabolic 

intermediates. Unlike more common forms of 

cardiomyopathies, metabolic cardiomyopathies are often 

associated with specific genetic mutations and 

biochemical markers, making their diagnosis 
challenging and necessitating specialized management. 

Rare metabolic cardiomyopathies often lead to 

progressive cardiac dysfunction, as highlighted in case 

series that underscore the diverse metabolic etiologies 

and pathophysiological mechanisms underlying these 

conditions (Guertl et al., 2000). Advanced technologies, 

such as photonic integrated circuits, offer conceptual 

insights for developing high-precision diagnostic tools 

and monitoring systems in patients with rare metabolic 

cardiomyopathies with progressive cardiac dysfunction 

(Ali et al., 2025). IoT-based wireless sensor networks, as 

applied in environmental monitoring, can be 
conceptually adapted for continuous and real-time 

tracking of cardiac function in patients with rare 

metabolic cardiomyopathies with progressive cardiac 

dysfunction (Kavitha, 2024). 

Rare metabolic cardiomyopathies, such as those caused 

by NAXD deficiency, TANGO2 deficiency syndrome, 

and mitochondrial DNA depletion syndromes, often 

present with progressive cardiac dysfunction. These 

disorders can lead to dilated cardiomyopathy, 

arrhythmias, and heart failure at a young age, severely 
impacting the quality of life and prognosis of affected 

individuals. The complexity of these conditions lies in 

their multi-system involvement, with cardiac 

manifestations being just one aspect of the disease 

spectrum. Rare metabolic cardiomyopathies can lead to 

progressive cardiac dysfunction, with atypical 

presentations resembling severe myocarditis in certain 

genetic cardiomyopathies, underscoring the complexity 

and clinical challenges in diagnosis and management 

(Popa et al., 2020). Inherited metabolic disorders in 

children can result in progressive cardiac dysfunction, 

emphasizing the importance of early recognition and 
monitoring to manage the cardiac manifestations 

effectively (Lloyd et al., 2017). 

 

The study of progressive cardiac dysfunction in 

metabolic cardiomyopathies is of paramount importance 

due to its potential to improve diagnostic approaches, 

therapeutic strategies, and patient outcomes. By 

understanding the pathophysiology of these conditions, 

clinicians can provide earlier and more accurate 

diagnoses, which can significantly alter the clinical 

course through timely interventions. 
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Abstract:       Metabolic cardiomyopathies represent a diverse group of rare 
disorders characterized by progressive cardiac dysfunction resulting from 
underlying metabolic disturbances. These conditions are often associated with 
genetic mutations and biochemical abnormalities that impair mitochondrial 
function, leading to cardiac manifestations such as dilated cardiomyopathy, 
arrhythmias, and heart failure. Case series on these rare disorders have highlighted 
conditions like NAXD deficiency, TANGO2 deficiency syndrome, Dilated 
Cardiomyopathy with Ataxia (DCMA), Senger’s syndrome, and mitochondrial DNA 
depletion syndromes. Diagnosis relies heavily on genetic testing, biochemical 
analysis, and imaging techniques, with early detection playing a critical role in 
improving patient outcomes. Treatment strategies primarily focus on managing 
symptoms, preventing metabolic crises, and providing supportive care. Despite 
limited therapeutic options, advancements in genetic and enzyme replacement 
therapies hold promise for the future. Continued research is essential for better 
understanding the pathophysiology, treatment, and clinical management of 
metabolic cardiomyopathies to improve patient prognosis and quality of life 
 

Keywords: Metabolic cardiomyopathies, genetic mutations, mitochondrial 
dysfunction, dilated cardiomyopathy, arrhythmias, heart failure, NAXD deficiency, 
TANGO2 deficiency syndrome, DCMA, Senger’s syndrome, mitochondrial DNA 
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BACKGROUND 

Metabolic cardiomyopathies are primarily caused by 

disturbances in the biochemical pathways that support 

normal cellular energy production and metabolism. The 

most common underlying pathophysiological 

mechanism involves mitochondrial dysfunction, as 

mitochondria are essential for ATP production through 

oxidative phosphorylation. In many metabolic 

cardiomyopathies, mitochondrial defects impair energy 

metabolism, leading to inadequate energy supply to the 

heart muscle, which in turn leads to myocardial 
dysfunction and progressive cardiac damage. 

Additionally, the accumulation of toxic metabolites, such 

as lactate, acylcarnitine’s, or abnormal lipid 

intermediates, can result in myocardial damage and 

fibrosis. These disturbances often affect multiple 

systems in the body, including skeletal muscles, the 

central nervous system, and the liver, further 

exacerbating the cardiac dysfunction observed in these 

conditions. Progressive cardiac dysfunction in rare 

metabolic cardiomyopathies reflects the underlying 

metabolic derangements, highlighting the need for 

comprehensive genetic and clinical evaluation to guide 
management strategies (Linhart, 2020). Emerging trends 

in technology, as seen in renewable energy innovations, 

underscore the importance of adopting novel approaches 

and advanced tools for monitoring and managing rare 

metabolic cardiomyopathies with progressive cardiac 

dysfunction (Surendar, 2024). Chaos-based algorithms, 

such as those used in image encryption, illustrate the 

potential of complex computational models to analyze 

and predict the variable progression patterns observed in 

rare metabolic cardiomyopathies with progressive 

cardiac dysfunction (Yakubu & Aboiyar, 2018). 
Innovative RF designs for high-efficiency wireless 

power amplifiers can conceptually inform the 

development of advanced, energy-efficient monitoring 

systems for patients with rare metabolic 

cardiomyopathies with progressive cardiac dysfunction 

(Muralidharan, 2023).  

 

Current Understanding of Progressive Cardiac 

Dysfunction in These Conditions 

Progressive cardiac dysfunction in metabolic 

cardiomyopathies typically manifests as dilated 

cardiomyopathy (DCM) or restrictive cardiomyopathy 
(RCM), both of which lead to heart failure. The initial 

cardiac manifestations may include left ventricular 

hypertrophy or dilation, with a gradual decline in 

contractile function. This decline is often accompanied 

by arrhythmias due to altered ion channel function and 

electrical conduction abnormalities in the heart. Over 

time, the heart becomes unable to meet the body's 

circulatory demands, leading to symptoms such as 

shortness of breath, fatigue, and fluid retention. The 

progression of cardiac dysfunction is frequently rapid in 

certain conditions, such as in patients with mitochondrial 
diseases or NAXD deficiency, where early intervention 

is crucial to delay or prevent irreversible heart failure. 

Variants in genes such as VARS2 can lead to severe 

metabolic cardiomyopathies with progressive cardiac 

dysfunction, often presenting in early infancy with 

complications like hypertrophy, hyperlactatemia, and 

pulmonary hypertension (Kušíková et al., 2021). 

Optimization techniques, such as modified multi-
objective particle swarm algorithms, offer conceptual 

parallels for improving predictive modeling and risk 

assessment in rare metabolic cardiomyopathies with 

progressive cardiac dysfunction, potentially aiding in 

timely clinical interventions (Chandragupta Mauryan et 

al., 2023). A secure blockchain-enabled framework can 

facilitate the safe management and integration of patient 

data, improving the monitoring and analysis of rare 

metabolic cardiomyopathies with progressive cardiac 

dysfunction (Moreau & Sinclair, 2024). 

 

Previous Research on Rare Metabolic Cardiomyopathies 
Research on rare metabolic cardiomyopathies has 

primarily focused on genetic and biochemical 

characterization, with recent advancements in next-

generation sequencing techniques enabling more precise 

identification of causative mutations. Key studies have 

identified several genetic mutations in mitochondrial and 

nuclear genes that play a role in energy metabolism, 

leading to the development of metabolic 

cardiomyopathies. Notably, conditions such as 

TANGO2 deficiency syndrome and Sengers syndrome 

have been linked to defects in enzymes that are critical 
for mitochondrial function or cellular metabolism. 

Although therapeutic options remain limited, recent 

studies have explored potential interventions such as 

enzyme replacement therapy, gene therapy, and 

nutritional supplementation to manage symptoms and 

slow disease progression. However, due to the rarity and 

heterogeneity of these conditions, much remains to be 

understood about the full spectrum of clinical 

manifestations and the long-term outcomes of affected 

patients. Although Anusuya (2024) focuses on social 

issues, the study’s emphasis on identifying underlying 

patterns and challenges can be conceptually related to 
analyzing case series of rare metabolic cardiomyopathies 

with progressive cardiac dysfunction, highlighting the 

importance of systematic evaluation to uncover critical 

insights. Prioritizing key components, as demonstrated 

in intellectual capital frameworks, can be conceptually 

applied to systematically assess clinical, genetic, and 

metabolic factors in rare metabolic cardiomyopathies 

with progressive cardiac dysfunction, aiding in targeted 

patient management (Zahedi et al., 2019). Leveraging 

big data analytics, as applied in customer relationship 

management, can similarly enhance the analysis and 
interpretation of clinical and genetic data in rare 

metabolic cardiomyopathies with progressive cardiac 

dysfunction, supporting more precise and personalized 

care strategies (Klein & Dech, 2024). Deep learning 

approaches, such as those used in fraud detection and 

classification, can be conceptually applied to enhance 

predictive modeling and risk stratification in patients 

with rare metabolic cardiomyopathies with progressive 

cardiac dysfunction (Udaya Kumar et al., 2023). Secure 
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data management strategies, such as those utilizing RSA 

algorithms and dual-prime protocols, can be 

conceptually applied to ensure the integrity and 

protection of sensitive patient information in case series 

of rare metabolic cardiomyopathies with progressive 
cardiac dysfunction (Durga & Sudhakar, 2023). 

 

CASE SERIES 
This case series includes a cohort of patients diagnosed 

with rare metabolic cardiomyopathies who presented 

with progressive cardiac dysfunction. The patients were 
selected from multiple medical centers specializing in 

the diagnosis and management of metabolic and 

mitochondrial diseases. The cohort consisted of 

individuals ranging in age from pediatric to adult 

populations, diagnosed with various metabolic 

cardiomyopathies, including TANGO2 deficiency 

syndrome, NAXD deficiency, and Senger’s syndrome. 

All patients had a confirmed diagnosis through genetic 

testing, biochemical analysis, and clinical evaluation. 

The inclusion criteria for the study were a clear diagnosis 

of metabolic cardiomyopathy, evidence of progressive 

cardiac dysfunction, and regular follow-up over a period 
of 12–36 months. 

 

The clinical presentation varied based on the underlying 

genetic and biochemical abnormalities, but all patients 

demonstrated features of progressive cardiac 

dysfunction. Common clinical findings included heart 

failure symptoms such as dyspnea, exercise intolerance, 

and fluid retention. Other associated systemic 

manifestations included muscle weakness, 

developmental delays, and, in some cases, neurologic 

deficits. Electrocardiograms (ECGs) and 
echocardiographic findings revealed abnormal cardiac 

rhythms, such as arrhythmias and conduction 

abnormalities, along with signs of dilated 

cardiomyopathy or restrictive cardiomyopathy. 

 

The diagnostic criteria for metabolic cardiomyopathies 

included genetic testing to identify mutations in 

mitochondrial and nuclear genes, elevated lactate and 

acylcarnitine profiles, and cardiac imaging studies. 

Patients were assessed with echocardiography, cardiac 

MRI, and serum biomarkers, which provided critical 

information on myocardial function and structure. In 
addition to these diagnostic modalities, muscle biopsies 

and neuroimaging were used when necessary to assess 

multi-system involvement.Over the follow-up period, 

the progression of cardiac dysfunction was monitored 

through repeated echocardiograms, ECGs, and 

biomarkers such as BNP (B-type natriuretic peptide). 

The majority of patients showed a gradual decline in left 

ventricular ejection fraction (LVEF) and ventricular 

dilation, with worsening symptoms of heart failure. 

Some patients developed arrhythmias, including atrial 

fibrillation and ventricular tachycardia, which were 
treated with antiarrhythmic medications or pacemakers. 

In a subset of patients with mitochondrial disorders, the 

progression of cardiac dysfunction was rapid, with some 

individuals developing end-stage heart failure within two 

years of diagnosis. Others, particularly those with milder 

forms of disease like TANGO2 deficiency, showed more 

stable cardiac function, although they still experienced 

intermittent episodes of metabolic crises, which 
worsened their cardiac status temporarily. 

 

The rate of progression of cardiac dysfunction was 

influenced by several factors, including the specific 

genetic mutation, the severity of mitochondrial 

impairment, and the timing of intervention. Early 

detection and initiation of supportive treatments, such as 

the use of heart failure medications (e.g., ACE inhibitors, 

beta-blockers), metabolic modulators, and nutritional 

supplementation, were associated with slower 

progression and improved outcomes in some cases. 

However, despite these interventions, many patients still 
faced significant long-term cardiac morbidity, 

underlining the need for continued research into more 

effective therapies for these rare metabolic disorders. 

 

MANAGEMENT AND 
TREATMENT 
The management of rare metabolic cardiomyopathies 

presents a unique challenge due to the complexity of 

these conditions and their genetic, biochemical, and 

phenotypic heterogeneity. Currently, the treatment 

primarily focuses on managing the symptoms of heart 

failure and progressive cardiac dysfunction, as well as 
addressing the underlying metabolic disturbances. 

Standard heart failure treatments such as ACE inhibitors, 

beta-blockers, and angiotensin receptor blockers are 

commonly used to improve cardiac output, manage fluid 

retention, and control arrhythmias. Diuretics also help 

alleviate fluid buildup, a common complication in 

patients with heart failure. However, these interventions 

are symptomatic and do not directly target the root cause 

of metabolic dysfunction, which limits their 

effectiveness in halting or reversing the progression of 

disease. 
 

Nutritional support plays a crucial role in the 

management of metabolic cardiomyopathies. Patients 

often require specialized diets, such as ketogenic diets, 

which can help manage metabolic crises, especially in 

mitochondrial disorders. Additionally, supplementation 

with specific vitamins and cofactors, particularly B 

vitamins (e.g., riboflavin, thiamine), is essential to 

support mitochondrial function and reduce metabolic 

stress. These interventions are particularly important in 

conditions like TANGO2 deficiency syndrome, where 

metabolic crises can exacerbate cardiac dysfunction. 
 

For patients with specific metabolic deficiencies, 

enzyme replacement therapies (ERT) or gene therapy 

have been explored. For example, patients with certain 

lysosomal storage disorders may benefit from ERT, 

although this approach is still in the early stages for most 

metabolic cardiomyopathies. Gene therapy holds 
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promise, particularly for diseases caused by mutations in 

specific genes responsible for enzyme production or 

mitochondrial function. Though still experimental, these 

therapies offer hope for more targeted and potentially 

curative treatments. 
 

In cases where arrhythmias are present, implantable 

devices such as pacemakers and implantable 

cardioverter-defibrillators (ICDs) are often necessary. 

These devices help manage abnormal heart rhythms, 

which are a significant cause of morbidity and mortality 

in metabolic cardiomyopathies. The implantation of an 

ICD can prevent sudden cardiac death caused by life-

threatening arrhythmias, a common complication in 

these patients. 

 

Despite these treatments, several challenges remain in 
managing progressive cardiac dysfunction in rare 

metabolic cardiomyopathies. One of the biggest hurdles 

is the lack of disease-specific, targeted therapies that 

address the underlying metabolic abnormalities. The 

heterogeneity of these diseases, with different genetic 

mutations resulting in varying clinical presentations and 

progression rates, makes it difficult to develop one-size-

fits-all treatments. What may work for one patient might 

be ineffective or even harmful to another. 

 

Additionally, the multisystem involvement of these 
conditions complicates management. Metabolic 

cardiomyopathies often affect other organs, including 

muscles, the nervous system, and the liver. This 

necessitates a multidisciplinary approach involving 

cardiologists, neurologists, geneticists, and nutritionists 

to ensure that all aspects of the disease are managed 

appropriately. Furthermore, even with standard heart 

failure treatments, many patients continue to experience 

disease progression, highlighting the need for more 

effective therapies that address the root cause of the 

disease, rather than just providing symptomatic relief. 

 
Looking toward the future, several promising therapies 

are being researched. Gene editing technologies, such as 

CRISPR-Cas9, have the potential to correct genetic 

mutations that cause metabolic cardiomyopathies, 

providing a more permanent solution. While still in the 

early stages, these technologies hold immense promise in 

potentially curing some of these rare disorders. Enzyme 

replacement therapies (ERT) and substrate reduction 

therapies, which aim to either replace missing enzymes 

or reduce the accumulation of toxic metabolites, are also 

being explored as potential treatments. These therapies 

could directly address the metabolic dysfunction at the 
heart of these conditions. Mitochondrial medicine is 

another area of active research. Mitochondria are crucial 

for energy production, and many metabolic 

cardiomyopathies are linked to mitochondrial 

dysfunction. Mitochondrial-targeted antioxidants, gene 

therapies, and molecules that can bypass defective 

mitochondrial pathways are being studied as potential 

treatments. These therapies aim to restore mitochondrial 

function, reduce oxidative stress, and prevent the damage 

caused by mitochondrial defects. 

 

Personalized medicine, guided by genetic testing and 
biochemical profiling, is expected to play a pivotal role 

in the future management of rare metabolic 

cardiomyopathies. By tailoring treatments to an 

individual’s specific genetic and biochemical makeup, 

healthcare providers can offer more effective, 

customized therapies. This could improve treatment 

outcomes and minimize adverse effects associated with 

one-size-fits-all approaches. Regenerative medicine, 

including stem cell-based therapies, offers additional 

hope for patients with advanced heart failure due to 

metabolic cardiomyopathies. Stem cells could 
potentially be used to regenerate damaged cardiac tissue 

and improve heart function. While this is still an 

emerging area of research, it has the potential to 

transform the treatment landscape for patients with 

advanced disease. 

 

In conclusion, while significant strides have been made 

in understanding and managing rare metabolic 

cardiomyopathies, many challenges remain. Current 

treatments are primarily symptomatic, and the lack of 

targeted therapies means that many patients continue to 

experience progressive cardiac dysfunction. However, 
ongoing research into gene therapies, mitochondrial 

medicine, personalized treatments, and regenerative 

approaches holds the potential to revolutionize the 

management of these rare and complex conditions, 

ultimately improving patient outcomes and quality of 

life. 

 

RESULT 
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Figure 1: Progression of cardiac Dysfunction over time in rare metabolic Cardiomyopathies 

 

The figure 1 illustrates the progression of cardiac dysfunction over time in three patients diagnosed with rare metabolic 

cardiomyopathies, as measured by Left Ventricular Ejection Fraction (EF). Over a 30-month period, the EF of all patients 

shows a decline, reflecting the worsening of cardiac function. Patient 1 experiences the most rapid deterioration, with a 

significant drop in EF from 55% to 30%. Patient 2 shows a more gradual decline, from 60% to 45%, suggesting a slower 

progression of the disease. Patient 3 follows a similar trajectory to Patient 1 but with a slightly less severe decline in EF. 

These variations highlight the importance of personalized treatment approaches, as the rate of decline in cardiac function 

differs among patients. Overall, the graph emphasizes the critical need for early diagnosis and continuous monitoring of 

cardiac function to manage and potentially slow the progression of metabolic cardiomyopathies. The findings underscore 

the necessity for tailored interventions that can improve patient outcomes and quality of life. 
 

DISCUSSION 

The findings from this case series align with previous 

studies that highlight the progressive nature of cardiac 

dysfunction in rare metabolic cardiomyopathies. Studies 

have consistently shown that conditions such as 
mitochondrial diseases, TANGO2 deficiency syndrome, 

and NAXD deficiency result in early-onset heart failure 

and arrhythmias due to underlying mitochondrial 

dysfunction or enzyme deficiencies. In particular, the 

progressive decline in left ventricular ejection fraction 

(EF) observed in this study corroborates findings from 

similar cohorts, where patients with metabolic 

cardiomyopathies often experience a rapid worsening of 

cardiac function despite symptomatic treatment . 

 

Our data supports the notion that early intervention is 

critical in slowing the progression of cardiac 
dysfunction, as shown by patients in this study who were 

started on heart failure medications at an early stage, 

showing a somewhat slower decline in EF. This aligns 

with the work of researchers who emphasize the 

importance of early diagnosis and tailored treatments, 

which can improve quality of life and delay disease 

progression . However, it is important to note that despite 

these interventions, the majority of patients still 

experienced significant cardiac decline, which suggests 

that current treatments are symptomatic rather than 

curative. 
 

Implications for Clinical Practice and Patient Outcomes 

This study reinforces the need for heightened awareness 

and early diagnosis of rare metabolic cardiomyopathies, 

especially in paediatric and young adult populations 

presenting with unexplained heart failure symptoms. The 

progression of cardiac dysfunction in these conditions 

underscores the importance of regular monitoring of 

cardiac function through imaging (e.g., 

echocardiography, cardiac MRI) and biomarkers such as 

B-type natriuretic peptide (BNP) and troponin. For 

clinical practice, this suggests a multidisciplinary 
approach, including cardiologists, geneticists, and 

neurologists, to ensure a comprehensive management 

plan for these patients. 

 

Given that metabolic cardiomyopathies often affect 

multiple organ systems, clinicians must be vigilant for 

non-cardiac manifestations, such as muscle weakness, 

developmental delays, and neurological symptoms, 

which may provide critical diagnostic clues. Early 

initiation of therapies such as enzyme replacement, gene 

therapy, and mitochondrial-targeted antioxidants could 
potentially improve patient outcomes, although larger 

studies are needed to establish their long-term efficacy 

and safety. 

 

The study's findings also highlight the need for 

personalized treatment strategies. Tailoring interventions 

based on genetic and biochemical profiling could help 

optimize therapeutic efficacy and reduce unnecessary 
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side effects. Furthermore, genetic counseling for affected 

families is crucial, given the hereditary nature of many 

of these conditions. 

 

CONCLUSION 

In conclusion, rare metabolic cardiomyopathies present 

significant challenges in terms of diagnosis, treatment, 

and management due to their genetic heterogeneity and 

progressive nature. This study highlights the importance 

of early detection and continuous monitoring of cardiac 

function in patients with these conditions, emphasizing 
the need for multidisciplinary care. Despite current 

therapeutic approaches that focus on symptom 

management, there remains a clear gap in curative 

treatments that address the underlying metabolic 

dysfunction. The progression of cardiac dysfunction in 

these patients reinforces the necessity for novel 

therapeutic strategies, such as gene therapy, enzyme 

replacement, and mitochondrial-targeted treatments, to 

improve long-term outcomes. Future research is crucial 

to better understand the genetic and phenotypic 

variations of these disorders and to develop more 

effective, personalized treatment options that could 
significantly enhance the quality of life and survival rates 

for patients with rare metabolic cardiomyopathies. 
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