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Abstract
BACKGROUND
[bookmark: OLE_LINK161][bookmark: OLE_LINK162]Nemaline myopathy (NM) is a rare type of congenital myopathy, with an incidence of 1:50000. Patients with NM often exhibit hypomyotonia and varying degrees of muscle weakness. Skeletal muscles are always affected by this disease, while myocardial involvement is uncommon. However, with improvements in genetic testing technology, it has been found that NM with a mutation in the myopalladin (MYPN) gene not only causes slow, progressive muscle weakness but also results in dilated or hypertrophic cardiomyopathy.

CASE SUMMARY
[bookmark: OLE_LINK163][bookmark: OLE_LINK164]A 3-year-old pre-school boy was admitted to our hospital with cough, edema, tachypnea, and an increased heart rate. The patient was clinically diagnosed with severe dilated cardiomyopathy and heart failure, and subsequent gene examination confirmed the diagnosis of NM with a mutation in MYPN. Captopril, diuretics, low-dose digoxin, and dobutamine were administered. After 22 d of hospitalization, the patient was discharged due to the improvement of clinical symptoms. During the follow-up period, the patient died of refractory heart failure.

CONCLUSION
[bookmark: OLE_LINK165][bookmark: OLE_LINK166]Decreased muscular tone and dilated cardiomyopathy are common features of MYPN-mutated NM. Heart transplantation may be a solution to this type of cardiomyopathy.
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[bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: OLE_LINK160]Core Tip: Nemaline myopathy (NM) is a rare kind of congenital myopathy, with an incidence of 1:50000. The pathological characteristic is accumulated “rod” shaped structures in the muscle biopsies observed by light or electron microscopy. NM patients often have hypomyotonia and different degrees of muscle weakness. Skeletal muscles are always involved in this disease, while myocardial involvement is uncommon. However, it has been recognized that NM with mutation in myopalladin (MYPN) gene also results in dilated cardiomyopathy or hypertrophic cardiomyopathy. Here, we report the case of a 3-year-old boy with NM who was admitted with dilated cardiomyopathy and heart failure followed by genetic confirmation of NM with an MYPN mutation.


INTRODUCTION
[bookmark: OLE_LINK167][bookmark: OLE_LINK168]Nemaline myopathy (NM) is a rare type of congenital myopathy, with an incidence of 1:50000[1]. A distinct pathological characteristic of NM is the accumulation of “rod” shaped structures observed by light or electron microscopy in muscle biopsies[2]. Patients with NM often have hypomyotonia and varying degrees of muscle weakness. Skeletal muscles are always affected by this disease, while myocardial involvement is uncommon. However, with improvements in genetic testing technology, it has been recognized that NM with a mutation in the myopalladin (MYPN) gene not only causes slow, progressive muscle weakness but also results in dilated or hypertrophic cardiomyopathy[3] .
Here, we report the case of a 3-year-old boy with NM who was admitted with dilated cardiomyopathy and heart failure followed by the genetic confirmation of NM with an MYPN mutation. The ethics committee of the West China Second University Hospital of Sichuan University approved this study. Informed consent was obtained from the patient for publication of this case report.

CASE PRESENTATION
[bookmark: OLE_LINK169][bookmark: OLE_LINK170]Chief complaints
[bookmark: OLE_LINK171][bookmark: OLE_LINK172]A 3-year-old boy was referred to our hospital with cough, edema, tachypnea, and tachycardia. 

History of present illness
[bookmark: OLE_LINK173][bookmark: OLE_LINK174]One week before admission, the patient began to exhibit a paroxysm of coughing with phlegm, accompanied with fatigue and plummeting level of physical activity. Soon afterwards, he exhibited edema all over the body, particularly on the face and both lower limbs. Half a day before admission, the patient developed tachypnea and tachycardia.

History of past illness
[bookmark: OLE_LINK175][bookmark: OLE_LINK176]It is worth noting that the patient had a history of delayed physical growth development. He only learned to sit when he was 10 mo old, and he still could not crawl or stand at 1 year of age. He was sent to a hospital and diagnosed with growth retardation. Doctors guided the boy in a rehabilitation training program for 1 year, after which he appeared to walk and run with no significant difference compared with his peers. However, the parents found that his muscle tension was low, and that he fell over easily. In addition, the patient had strephenopodia after birth, which improved after the use of orthotics.

Personal and family history
[bookmark: OLE_LINK177][bookmark: OLE_LINK178]The family history was unremarkable.

Physical examination
[bookmark: OLE_LINK179][bookmark: OLE_LINK180]When the patient was admitted to our hospital, he had symmetrical edema in the face and lower extremities. The pulmonary respiratory sounds were rough with a few coarse rales. There was no protuberance in the precordial region. The apical impulse of the heart was diffused. Heart amplification was identified, and the apical beat was at the sixth intercostal space, 4.5 cm outside the middle line of the left clavicle. Neither thrill nor pericardium friction was found. The heart rhythm was regular with a gallop rhythm and low cardiac sound. The abdomen was supple with the liver 4 cm below the costal margin and 6 cm below the xiphoid, with the spleen impalpable. Moreover, the boy had an elongated face, inhibited facial expressions, a high palate arch (Figure 1), clawfoot, normal muscular strength, decreased muscular tone, and decreased bilateral knee reflexes. The Gower’s sign was positive, and the meningeal irritation sign was negative.

Laboratory examinations
[bookmark: OLE_LINK181][bookmark: OLE_LINK182]The serum cardiac troponin I level was 0.211 µg/L (normal < 0.034 µg/L). The level of brain natriuretic peptide reached up to 27500 pg/mL (normal < 215 pg/mL). The alanine aminotransferase level was 458 U/L (normal < 72 U/L), and aspartate aminotransferase level was 671 U/L (normal < 59 U/L). However, there was no significant increase in creatine kinase (99 U/L; normal < 170 U/L), creatine kinase myocardial band (2.29 μg/L; normal < 3.38 μg/L), and myoglobin (133.1 μg/L; normal < 121 μg/L). 

Imaging examinations
[bookmark: OLE_LINK183][bookmark: OLE_LINK184]After one week in the hospital, Holter showed about 16.6% of ventricular premature beats (VPBs) of the total number of beats (Figure 2). Echocardiogram showed that the patient had enlarged, weakened left and right ventricles with decreased systolic function. The heart chamber sizes were as follows: Left atrium, 27 mm (normal < 18 mm); left ventricle, 58 mm (normal < 31 mm); right atrium, 40 mm (normal < 32 mm); right ventricle, 22 mm (normal < 11 mm). The ejection fraction was 18%, and the fraction of shortening was 8%. The systolic excursion of the tricuspid annular plane was 13 mm (Figure 3). Cardiac magnetic resonance imaging showed enlarged ventricles, reduced systolic function, and focal delayed enhancement (Figure 4).

FINAL DIAGNOSIS
[bookmark: OLE_LINK185][bookmark: OLE_LINK186]Based on the above findings, NM was suspected.

TREATMENT
[bookmark: OLE_LINK187][bookmark: OLE_LINK188]Initially, we thought that the condition in question might be myocarditis or idiopathic cardiomyopathy. The patient received spironolactone (2 mg/kg), hydrochlorothiazide (2 mg/kg), captopril (1 mg/kg), and digoxin (6 μg/kg). In addition, intravenous methylprednisolone was administered for 3 d followed by oral prednisone for 4 d. The degree of heart failure appeared to be very severe, so dobutamine (6 μg/kg) was also administered on the day of admission. The edema and cough improved, with the disappearance of rales after 1 wk of treatment, and we stopped using dobutamine (Table 1).
We continued using spironolactone, hydrochlorothiazide, captopril, digoxin, and dobutamine (we stopped using dobutamine when the patient was in stable condition). After 22 d of treatment, the edema completely regressed and the gallop rhythm disappeared. The patient still exhibited sinus tachycardia with a reduced VPB of 8.9%. Echocardiography showed that the ejection fraction was 23% and the fraction of shortening was 11% after treatment. 

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK189][bookmark: OLE_LINK190]The patient was discharged due to improvement in heart failure symptoms. He continued to be administered with spironolactone, hydrochlorothiazide, captopril, and digoxin at home. During the follow-up period, the patient suffered from repeated and worsened heart failure and was hospitalized. Ultimately, he died of uncontrollable heart failure 4 mo after the first admission.

DISCUSSION
[bookmark: OLE_LINK191][bookmark: OLE_LINK192]NM is a sporadic, rare congenital myopathy[4] . Genetic mutations that cause skeletal muscle involvement lead to this disease. Clinical manifestations vary in different patients. NM was divided into six types by the European Commission for Neuromuscular Diseases[5]: (1) Severe congenital NM. Patients exhibit clinical symptoms at birth, with feeding difficulties, hypotonia, myasthenia, respiratory failure, and no independent activities. Most patients die at an early stage, usually no more than one year of age; (2) typical form of NM. This type has the highest incidence. Children get sick at an early age, with obvious muscle weakness in the face, medulla oblongata, and respiratory system. Muscle strength possibly increases with age. The quality of life in most patients is not affected. Patients have normal intelligence and myocardial contractility; (3) intermediate congenital NM. This form has an onset in early infancy, spontaneous respiratory movement may occur at birth, but in early childhood. Patients may develop an inability to breathe autonomously, and walk and stand independently. Muscle contractures may occur during early childhood. The clinical symptoms of this type of NM are congenital severe syndromes and congenital mild syndromes; (4) mild, childhood-, or juvenile-onset NM. The clinical manifestations are similar to mild syndromes, except that the onset age is late childhood or adolescence; (5) adult form of NM. The age of onset is 30 to 60 years, and this form is incredibly diverse, with vast differences in clinical manifestations and disease progression. Cases are sporadic and have no family history. The onset is acute or subacute, and the respiratory muscles are easily involved. The disease has a quick course, and most patients have a poor prognosis; and (6) other forms of NM. These are rare types, presenting as cardiomyopathy, ophthalmoplegia, abnormal muscle weakness distribution, and internuclear rods.
The presence of rod-like bodies is a characteristic change observed in muscle biopsies, and there are many eosinophilic rod-like structures under the myofilm or in the myoplasm[6-8] . However, due to various limitations, muscle biopsies are not easy to perform. Besides, with the development of genetic testing, muscle biopsies are no longer the only gold standard. Our patient did not undergo a muscle biopsy due to severe heart failure and refusal from the parents.
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]So far, at least 13 gene mutations have been recognized to be associated with NM, including TPM3, NEB, ACTA1, TPM2, TNNT1, KBTBD13, CFL2, KLHL40, KLHL41, LMOD3, MYO18B, TNNT3, and MYPN[3]. MYPN is a sarcoma component. It is generally found in the sarcomere, cardiac muscle, and skeletal muscle nucleus. The central regions and C-terminus of MYPN can bind to both α-actinin and nebulin in the skeletal muscle or nebulette in the cardiac muscle at the Z-line[9] . On the other hand, its N-terminal region binds to cardiac ankyrin repeat protein[10] . In an animal model, MYPN has been shown to potentially promote muscle growth[11]. Patients with MYPN mutations show manifestations of myopathy and dilated or hypertrophic cardiomyopathy[12,13] .
The patient in question had normal intelligence, but his motor developmental milestones were delayed after birth. In addition, the facial and skeletal characteristics, including an elongated face, high palate arch, and clawfoot, are typical signs of NM[14,15]. Decreased muscular tone, a positive Gower’s sign, and dilated cardiomyopathy are common features of MYPN-mutated NM. The typical clinical manifestations and genetic tests supported the diagnosis. Unfortunately, the heart failure was too severe to be controlled by drugs. β-blockers are another treatment option for cardiomyopathy but the patient had such poor heart function that we did not use it after careful evaluation of the risk. Heart transplantation may be a solution to this type of cardiomyopathy.

CONCLUSION
[bookmark: OLE_LINK193][bookmark: OLE_LINK194]In some cases, life-threatening cardiomyopathy with severe heart failure is a manifestation of inherited myopathy. When diagnosing cardiomyopathy, the development of striated muscles should be detected. 
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Figure Legends
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[bookmark: OLE_LINK203][bookmark: OLE_LINK204]Figure 1 High palate arch of the patient: A typical sign of nemaline myopathy.
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[bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK46][bookmark: OLE_LINK47]Figure 2 A total of 28352 ventricular premature beats in Holter monitoring. A: Four instances of paired ventricular premature beats; B: 2069 instances of ventricular bigeminy; C: 245 instances of ventricular trigeminy.
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[bookmark: OLE_LINK207][bookmark: OLE_LINK208]Figure 3 Echocardiogram. The heart chamber sizes showed an enlarged heart, especially the left heart.
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Figure 4 Magnetic resonance images. Cardiac magnetic resonance imaging showed enlarged ventricles, reduced systolic function, and focal delayed enhancement.

Table 1 Summary of the clinical course
	
	Symptoms
	Signs
	Drug administration

	
	Edema
	Cough
	Tachypnea
	Tachycardia
	Rale
	Gallop rhythm
	Hepatomegaly
	

	Day 1
	+
	+
	++
	++
	+
	+
	4 cm below costal margin
	Spironolactone, hydrochlorothiazide, captopril, digoxin, dobutamine, methylprednisolone

	Day 4
	+
	+
	++
	++
	+
	+
	4 cm below costal margin
	Spironolactone, hydrochlorothiazide, captopril, digoxin, dobutamine, prednisolone

	Day 8
	-
	-
	++
	++
	-
	+
	4 cm below costal margin
	Spironolactone, hydrochlorothiazide, captopril, digoxin

	Day 18
	-
	-
	+
	+
	-
	-
	3 cm below costal margin
	Spironolactone, hydrochlorothiazide, captopril, digoxin

	Day 22
	-
	-
	+
	+
	-
	-
	3 cm below costal margin
	Spironolactone, hydrochlorothiazide, captopril, digoxin
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