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Introduction

Pediatric cardiomyopathy is a heterogeneous 

group of rare disorders attributable to diverse 

underlying etiologies. The accurate identification 

of the causes of cardiomyopathy, particularly in 

pediatric patients enables prompt disease-specific 

management and may improve prognosis; however, 

this is clinically challenging because of the non- 

specific symptoms and multifactorial etiologies 

associated with these disorders1,2).

Inborn errors of metabolism (IEM) are rare 

genetic disorders secondary to mutations in genes 

that code for proteins of functional components of 

metabolic pathways3). These mutational changes 
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negatively affect breakdown or storage of pro-

teins, carbohydrates, and fatty acids, which may 

lead to defective catabolism of various substances 

and energy synthesis4). Such dysfunctional me-

chanisms are associated with multi-organ mani-

festations, including cardiac disorders.

IEM is an important etiopathogenetic contributor 

to cardiomyopathy, particularly in pediatric patients 

5). Notably, energy supply through the appropriate 

metabolic pathways is important to maintain con-

traction and ionic homeostasis for optimal function 

of the heart muscle. Therefore, adaptation to fluc-

tuations in the balance between demand and 

supply of energy to the cardiac muscle is impos-

sible without sophisticated energy regulation 

through multiple metabolic pathways. More than 

40 IEM have been known to present with cardiac 

manifestations6). Following diagnostic technological 
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advances in diagnostic tools, approximately 26% 

of patients with hypertrophic cardiomyopathy 

(HCMP) and 16% of those with dilated cardio-

myopathy (DCMP) were diagnosed as having IEM 

7). Based on the Pediatric Cardiomyopathy Registry 

in the United States and Canada, IEM was identi-

fied as the underlying cause in 15.4% of known 

cases of cardiomyopathy6). Notably, IEM was diag-

nosed in 13.5% (5/35) neonates with cardiomyo-

pathy patients8). The timely and accurate diag-

nosis of specific IEM are extremely important in 

patients with cardiomyopathy, because cardiomy-

opathies caused by several IEM are currently 

treatable using the specific-target approach 

based on the pathophysiology of each condition.

This review covers the pathophysiology, clinical 

presentations, typical laboratory findings, diag-

nosis, and proper treatment of each type of IEM- 

induced cardiomyopathy in pediatric patients to 

gain a deeper understanding of this subject.

Pathophysiology of cardiomyopathy 

secondary to inborn errors of metabolism

 

The three main pathophysiological mechanisms 

that underlie IEM-induced cardiomyopathy are as 

follows: (1) impaired energy production following 

the disruption of molecular transport or cellular 

organelle dysfunction, (2) cellular damage secon-

dary to the accumulation of inappropriate subst-

rates and bulk storage in cardiac myocytes, and 

(3) infiltration of toxic, intermediary metabolites 

on myocytes and surrounding tissue. It should be 

noted that more than one mechanism can be in-

volved in the end stage of cardiomyopathy9-12).

The aforementioned pathophysiological mecha-

nisms are associated with the following effects: 

The first important pathologic mechanism is 

impaired energy production. This refers to the 

inability of cells to produce adenosine triphosphate 

(ATP), which is required to maintain cardiac 

muscle function. Fatty acid and glycogen are the 

main energy sources for maintenance of heart 

functions; energy is released as ATP, following 

mitochondrial oxidative phosphorylation of these 

substrates. Cardiac muscle function, including con-

traction requires high energy levels. Insufficient 

energy generation secondary to IEM precipitates 

cardiomyopathy13,14). The major IEM associated 

with this mechanism are fatty acid oxidation dis-

orders, carnitine deficiency, carnitine acylcarnitine 

translocase deficiency, carnitine palmitoyl trans-

ferase II (CPT II) deficiency, very long-chain 

Acyl-CoA dehydrogenase (VLCAD) deficiency, 

long-chain 3-hydroxyacyl-CoA dehydrogenase 

(LCHAD) deficiency, trifunctional protein defici-

ency, and glutaric acidemia type 215). Interestingly, 

a few fatty acid oxidation disorders, such as me-

dium-chain Acyl-CoA dehydrogenase (MCAD) 

deficiency rarely cause cardiomyopathy in infants 

and pediatric patients16). Mitochondrial disorders 

are characterized by the involvement of multiple 

organs, including the heart presenting as HCMP 

or DCMP. Mitochondrial encephalomyopathy, lactic 

acidosis and stroke-like episodes (MELAS) synd-

rome, myoclonic epilepsy with ragged red fibers 

(MERRF) syndrome, Leigh syndrome, and complex 

I-V deficiency are other causes of cardiomyo-

pathy. However, the prevalence of cardiomyopathy 

during the pediatric period of mitochondrial dis-

eases is extremely low17). Congenital disorders of 

glycosylation (CDG), particularly subtype Ia, are 

also important causes of cardiomyopathy from 

infancy to young adulthood, and cardiomyopathy 

may contribute to mortality in this patient group18).

The second pathophysiologic mechanism is an 

accumulation of inappropriate substrates, which 

can lead to dysfunction of the myocardium. Lyso-
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somal storage disease (LSD) is a representative 

group of disorders attributable to this mechanism, 

and HCMP is the most prevalent presentation 

among these diseases. Among them, presentations 

of hypertrophy of both ventricles in Pompe dis-

ease, particularly during the infantile period, and 

left ventricular hypertrophy of Fabry disease in 

the late childhood are well recognized5,19). Hurler 

syndrome (mucopolysaccharidosis (MPS) type I) 

and Hunter syndrome (MPS type II) are also well 

known to be related with cardiomyopathy in pe-

diatric patients, and Maroteaux-Lamy syndrome 

(MPS VI) has been reported as presenting with 

cardiomyopathy in the infant period20). The sub-

strates of large macromolecules such as glycogen 

and triglycerides may accumulate in the cytoplasm 

of myocytes and interfere with cardiomyocyte 

function6). 

The last pathophysiologic mechanism is the 

production and infiltration of toxic metabolites in 

myocytes and surrounding tissue secondary to 

enzymatic deficiencies, and amino acidurias, organic 

acidemias, oxidative phosphorylation, and Refsum 

disease are included in this disease group. Among 

these disorders, propionic acidemia is the most 

frequent IEM complicated with cardiomyopathy 

in pediatric patients. Notably, DCMP is the only 

manifestation of propionic acidemia in infants21). 

Myocardial involvement in methylmalonic acidemia 

and 3-methylglutaconic aciduria type II (Barth 

syndrome) is also reported, and these diseases 

are considered possible underlying causes in car-

diomyopathy patients21). 

Clinical presentations & typical

laboratory results

Cardiomyopathy may be the dominant clinical 

symptom, but several clinical manifestations with 

cardiomyopathy should be noted to make an ac-

curate diagnosis of IEM5). A medical presentation 

of multisystemic involvement, including develop-

mental delay, acute and chronic encephalopathy, 

ataxia, failure to thrive, hypotonia, recurrent mu-

scle pain and spasms, recurrent rhabdomyolysis, 

typical facial dimorphisms (e.g., coarse facial fea-

tures, enlarged tongue), and hepatosplenomegaly 

with cardiomyopathy, may be the essential clue 

indicative of IEM. More importantly, IEM should 

be considered in patients with symptoms sugges-

tive of acute metabolic decompensation during 

physically stressful situations, such as febrile ill-

ness, dietary change, prolonged fasting22). Because 

of these acute initial symptoms of IEM, the un-

derlying etiology of cardiomyopathy in IEM may 

be misdiagnosed as an acute viral or bacterial in-

fection. In terms of the cardiomyopathic type, 

HCMP is often related to LSDs, storage diseases 

of fat or glycogen and DCMP is related to amino 

acidopathes, organic academias, or systemic car-

nitine deficiency6). 

In terms of laboratory results, hypoglycemia, 

particularly non-ketotic hypoglycemia, is a note-

worthy finding indicative of ineffective fatty acid 

metabolism23). Moreover, dicarboxylic aciduria or 

low serum carnitine level can suggest a specific 

fatty acid oxidation disorder.24 Recurrent creati-

nine kinase (CK) elevation, metabolic acidosis, or 

hyperammonemia should not be missed in appro-

priately diagnosing IEM as the cause of cardio-

myopathy. 

Diagnostic methods

A systemic approach is needed for the timely 

diagnosis of IEM with careful searching of clinical 

features associated with cardiomyopathy. First, it 

is important to consider IEM as one of the diffe-
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rential diagnoses of cardiomyopathy. In addition, 

detailed family and medical histories related to 

cardiomyopathy and IEM are essential. 

A thoughtful biochemical evaluation, including 

serum glucose, creatine kinase, ammonia, plasma 

lactate/pyruvate, acylcarnitine profile, plasma amino 

acids, urine organic acids, and urine ketones, for 

all pediatric patients with cardiomyopathy is re-

commended25). These results could be useful for 

the diagnosis of IEM presenting with cardiomyo-

pathy, especially for treatable IEM of fatty acid 

oxidation disorder or malonic acidemia. The gold 

standard for confirming IEM is the enzyme assay. 

For example, Pompe disease can be confirmed by 

the enzyme assay using a dried blood spot test26). 

In case of mitochondrial disorders, it can be con-

firmed by the detection of typical pathologic fin-

dings of muscle tissue and the deficiency of re-

spiratory chain complexes27).

As genetic testing technologies, such as NGS, 

have been improved remarkably, molecular diag-

nosis has become one of the practical and accu-

rate methods to diagnose IEM with cardiomyopathy 

by identifying the underlying genetic mutations. 

Although genetic testing still often takes time to 

obtain results, if the turnaround time is shortened 

and more IEM related genes are discovered in the 

future, it will be applied more to the diagnosis of 

IEM and cardiomyopathy.

Newborn screening (NBS)

With the improvement and standardization of 

the NBS strategy, many IEM presenting with 

cardiomyopathy as one of the symptoms can be 

diagnosed easily within the early days of life. Not 

only VLCAD deficiency, LCHAD deficiency, and 

carnitine uptake deficiency but also propionic 

acidemia can be identified using NBS. Of note, 

false-negative result cases of NBS in cardiomyo-

pathy have been reported28). Therefore, IEM should 

not be ruled out for clinically suspected IEM pa-

tients, even if the NBS results are negative. It 

should also be noted that LSD, CDG and mitochon-

drial disorders are not yet screened for using 

NBS in Korea. 

Treatment

The treatment of cardiomyopathy caused by 

IEM can be divided into two stages: acute and 

long-term treatment. For acute management, 

acute metabolic crises with metabolic acidosis and 

hypoglycemia are corrected immediately with the 

general protocol of acute IEM treatment. For 

cardiac manifestations, conventional supportive 

drugs, including diuretics and inotropes, can be 

useful to control manifestations and reduce mor-

bidity and mortality9). However, the effect of con-

ventional therapy in IEM patients may not be as 

effective as that seen in cardiomyopathy with 

other causes.

Long-term treatment depends on the underlying 

pathophysiology of the cardiomyopathy. In cases 

of fatty acid oxidation disorders (e.g., VLCAD, 

LCHAD, multiple Acyl-CoA dehydrogenase de-

ficiency) and organic acidemias (e.g., propionic 

acidemia, methylmalonic acidemia), the dietary 

restriction of non-metabolizable substrates is 

essential. Additionally, the avoidance of fasting to 

prevent the breakdown of its endogenous meta-

bolic substance is also important. Vitamin cofactors 

(e.g., riboflavin for multiple Acyl-CoA dehydro-

genase deficiency, biotin for propionic acidemia) 

can be administered to enhance the residual en-

zyme activity29,30).

The administration of carnitine supplements is 

a well-known, effective treatment method for 
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systemic carnitine deficiency, and continuous car-

nitine supplements can improve the natural course 

of cardiomyopathy in this patient group31). For 

several LSDs, including Fabry disease, Pompe 

disease, and MPS types I, II, and VI, enzyme 

replacement therapy (ERT) can be an available 

treatment option, and ERT seems to show a be-

neficial effect on cardiomyopathy. ERT has been 

presented significant effects on cardiac involve-

ment in Pompe disease, and slowing down the 

progress of cardiomyopathy in Fabry disease or 

MPSs32).

Conclusion

IEM is one of the important causes of cardio-

myopathy in pediatric patients, and cardiomyopathy 

caused by IEM can be treatable with a timely, 

accurate diagnosis. Therefore, clinicians should 

always bear in mind the possibility that IEM may 

be underlying diseases of cardiomyopathy in pe-

diatric patients.

References

1) Schwartz ML, Cox GF, Lin AE, Korson MS, Perez- 

Atayde A, Lacro RV, et al. Clinical approach to ge-

netic cardiomyopathy in children. Circulation 1996; 

94:2021-38.

2) Nugent AW, Daubeney PE, Chondros P, Carlin JB, 

Cheung M, Wilkinson LC, et al. The epidemiology of 

childhood cardiomyopathy in Australia. N Engl J Med 

2003;348:1639-46.

3) Saudubray J-M, Garcia-Cazorla JPC. Inborn errors À

of metabolism overview: pathophysiology, manifesta-

tions, evaluation, and management. Pediatr Clin North 

Am 2018;65:179-208.

4) Levy PA. Inborn errors of metabolism: part 1: over-

view. Pediatr Rev 2009;30:131-7

5) Wicks EC, Elliott PM. Genetics and metabolic cardio-

myopathies. Herz 2012;37:598-610.

6) Cox GF. Diagnostic approaches to pediatric cardio-

myopathy of metabolic genetic etiologies and their 

relation to therapy. Prog Pediatr Cardiol 2007;24:15- 

25.

7) Kindel SJ, Miller EM, Gupta R, Cripe LH, Hinton 

RB, Spicer RL, et al. Pediatric cardiomyopathy: im-

portance of genetic and metabolic evaluation. J Card 

Fail 2012;18:396-403.

8) Badertscher A, Bauersfeld U, Arbenz U, Baumgartner 

MR, Schinzel A, Balmer C. Cardiomyopathy in new-

borns and infants: a broad spectrum of aetiologies and 

poor prognosis. Acta Paediatr 2008;97:1523-8.

9) Papadopoulou-Legbelou K, Gogou M, Evangeliou 

AJIp. Cardiac manifestations in children with inborn 

errors of metabolism. Indian Pediatr 2017;54:667-73.

10) Evangeliou A, Papadopoulou-Legbelou K, Daphnis E, 

Ganotakis E, Vavouranakis I, Michailidou H, et al. 

Cardiac manifestations of inborn errors of metabolism. 

Minerva Pediatr 2007;59:215-8.

11) Mogahed EA, Girgis MY, Sobhy R, Elhabashy H, 

Abdelaziz OM, El-Karaksy H. Skeletal and cardiac 

muscle involvement in children with glycogen storage 

disease type III. Eur J Pediatr 2015;174:1545-8.

12) Wang SM, Hou JW, Lin JL. A retrospective epidemio-

logical and etiological study of metabolic disorders in 

children with cardiomyopathies. Acta Paediatr Taiwan 

2006;47:83-7.

13) Almannai M, Alfadhel M, El-Hattab AW. Carnitine 

Inborn Errors of Metabolism. Molecules 2019;24.

14) Knottnerus SJG, Bleeker JC, W st RCI, Ferdinandusseü  

S, L IJ, Wijburg FA, et al. Disorders of mitochondrial 

long-chain fatty acid oxidation and the carnitine 

shuttle. Rev Endocr Metab Disord 2018;19:93-106.

15) Kompare M, Rizzo WB. Mitochondrial fatty-acid oxi-

dation disorders. Semin Pediatr Neurol 2008;15:140-9.

16) Marc M, Ajovalasit P. Medium-Chain Acyl-CoA ì

Dehydrogenase Deficiency in an Infant with Dilated 

Cardiomyopathy. Cardiol Res Pract 2009;2009:281389.

17) Brisca G, Fiorillo C, Nesti C, Trucco F, Derchi M, 

Andaloro A, et al. Early onset cardiomyopathy asso-

ciated with the mitochondrial tRNALeu ((UUR)) 

3271T>C MELAS mutation. Biochem Biophys Res 

Commun 2015;458:601-4.

18) Gehrmann J, Sohlbach K, Linnebank M, B hles HJ, ö

Buderus S, Kehl HG, et al. Cardiomyopathy in con-

genital disorders of glycosylation. Cardiol Young 

2003;13:345-51.

19) Kishnani PS, Howell RR. Pompe disease in infants and 

children. J Pediatr 2004;144(5 Suppl):S35-43.

20) Hayflick S, Rowe S, Kavanaugh-McHugh A, Olson 

JL, Valle D. Acute infantile cardiomyopathy as a pre-

senting feature of mucopolysaccharidosis VI. J Pediatr 

1992;120(2 Pt 1):269-72.

21) Lee TM, Addonizio LJ, Barshop BA, Chung WK. 



대한- 유전성 대사 질환 : 제 권 제 호21 1 , pp1~6, 2021 -

- 6 -

Unusual presentation of propionic acidaemia as isolated 

cardiomyopathy. J Inherit Metab Dis 2009;32 Suppl 

1(0 1):S97-101.

22) Ahrens-Nicklas RC, Slap G, Ficicioglu C. Adolescent 

presentations of inborn errors of metabolism. J Adolesc 

Health 2015;56:477-82.

23) Byers SL, Ficicioglu C. Infant with cardiomyopathy: 

When to suspect inborn errors of metabolism? World 

J Cardiol 2014;6:1149-55.

24) R schinger W, Muntau AC, Duran M, Dorland L, L ö

IJ, Wanders RJ, et al. Carnitine-acylcarnitine translo-

case deficiency: metabolic consequences of an impaired 

mitochondrial carnitine cycle. Clin Chim Acta 2000; 

298:55-68.

25) Burton BK. Inborn errors of metabolism in infancy: a 

guide to diagnosis. Pediatrics 1998;102:E69.

26) Li Y, Scott CR, Chamoles NA, Ghavami A, Pinto 

BM, Turecek F, et al. Direct multiplex assay of lyso-

somal enzymes in dried blood spots for newborn 

screening. Clinical Chem 2004;50:1785-96.

27) Meyers DE, Basha HI, Koenig MK. Mitochondrial 

cardiomyopathy: pathophysiology, diagnosis, and ma-

nagement. Tex Heart Inst J 2013;40:385-94.

28) Ficicioglu C, Coughlin CR, 2nd, Bennett MJ, Yudkoff 

M. Very long-chain acyl-CoA dehydrogenase defi-

ciency in a patient with normal newborn screening by 

tandem mass spectrometry. J Pediatr 2010;156:492-4.

29) Wolf B, Hsia YE, Sweetman L, Gravel R, Harris DJ, 

Nyhan WLJTJop. Propionic acidemia: a clinical up-

date. J Pediatr 1981;99:835-46.

30) Yıldız Y, Talim B, Haliloglu G, Topaloglu H, Ak rençö  

Z, Dursun A, et al. Determinants of riboflavin respon-

siveness in multiple acyl-CoA dehydrogenase deficiency. 

Pediatr Neurol 2019;99:69-75.

31) Fu LJ, Chen SB, Han LS, Guo Y, Zhao PJ, Zhu M, 

et al. Clinical presentation and therapeutic outcomes 

of carnitine deficiency-induced cardiomyopathy. 

Zhonghua Er Ke Za Zhi 2012;50:929-34.

32) Sestito S, Parisi F, Tallarico V, Tarsitano F, Roppa K, 

Pensabene L, et al. Cardiac involvement in Lysosomal 

Storage Diseases. J Biol Regul Homeost Agents 2020; 

34:107-19. Special issue: Focus on pediatric cardiology.


