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Abstract
Background: Mutations in the TTN gene, encoding the muscle filament titin, are a 
major cause of inherited dilated cardiomyopathy. Early-onset skeletal muscle disor-
ders due to recessive TTN mutations have recently been described, sometimes associ-
ated with cardiomyopathies.
Case Description: We report the case of a boy with congenital core myopathy due 
to compound heterozygosity for TTN variants. He presented in infancy with rapidly 
evolving restrictive cardiomyopathy, requiring heart transplantation at the age of 
5 years with favorable long-term cardiac and neuromuscular outcome.
Conclusion: Heart transplantation may have a role in selected patients with TTN-
related congenital myopathy with disproportionally severe cardiac presentation com-
pared to skeletal and respiratory muscle involvement.
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1  |  INTRODUC TION

TTN is the largest gene in humans and encodes the giant muscle fila-
ment protein titin. Titin plays a crucial role in the sarcomeric contrac-
tile apparatus in skeletal and cardiac muscle,1,2 notably in myocardial 
elasticity and passive stiffness, active force development, and cell 
signaling.3

Widespread introduction of next-generation sequencing (NGS) 
into clinical genetic diagnostic methods has led to the recognition 
of TTN as the major human disease gene for dilated cardiomyopa-
thy (DCM), with mutations found in approximately 25% of familial 
and 18% of sporadic cases.4,5 Few reports indicate that TTN could 
also be a disease-causing gene in other types of cardiomyopathy, 
including restrictive cardiomyopathy (RCM).6 In addition, early-
onset skeletal muscle disorders due to recessive TTN mutations 
have been identified, frequently combining skeletal and cardiac 
muscle phenotypes. Modes of inheritance, skeletal and cardiac 
muscle involvement, clinical severity, and histopathological fea-
tures are extremely heterogeneous, accounting for the wide and 
evolving spectrum of the titinopathies.7–9 Most often, these infants 
present with a congenital myopathy phenotype characterized by 
generalized muscle weakness with axial predominance and associ-
ated variable cardiorespiratory impairment.10,11 Some patients may 
have structural cardiac defects at birth. Cardiomyopathy typically 
develops later in a subset of patients and carries a poor prognosis, 
with high mortality.12,13

Individuals with neuromuscular disorders are often not consid-
ered candidates for cardiac transplantation because of concerns that 
the benefits might be limited by the multiple comorbidities and dis-
ease progression.

We report the case of a boy with early-onset TTN-related con-
genital myopathy who subsequently developed a rapidly evolving 
cardiomyopathy. He underwent successful heart transplantation at 
the age of 5 years, with favorable postoperative cardiac and devel-
opmental outcome.

2  |  C A SE REPORT

The proband, now a 13-year-old boy, was the first child of non-
consanguineous parents, with no family history of note. He pre-
sented in the neonatal period with hypotonia, mild breathing 
difficulties, and sweating, prompting a cardiology work-up.

Echocardiography performed at the age of 6 months revealed a 
large atrial septal defect (ASD) with signs of pulmonary hyperten-
sion (PH). He underwent partial ASD closure with subsequent stabi-
lization of pulmonary pressure at a borderline level.

Subsequent clinical examinations showed persistent generalized 
hypotonia, muscle weakness, and evolving spinal rigidity, with nor-
mal cognitive development, suggesting a possible myopathy. Skeletal 
muscle biopsy performed at 18 months showed histopathological 
features of a congenital myopathy with atrophy and predominance 
of type I fibers, multiple internal nuclei, and core-like structures, 

corresponding to areas of sarcomeric disorganization and mitochon-
drial depletion on the ultrastructural level.

He developed progressive restrictive cardiac physiology by the 
age of 3 years, with initially preserved biventricular systolic function. 
He had syncopal episodes with suspected supraventricular tachycar-
dia. A year later, he presented with acute cardiopulmonary failure in 
the context of a respiratory infection, requiring veno-arterial extra-
corporeal membrane oxygenation (VA-ECMO), which was weaned 
after 7 days. He could then be discharged home on oral heart failure 
treatment. He was put on the waiting list for cardiac transplantation. 
While on listing, he was able to walk short distances with support. 
He had normal cognitive development and was home-schooled. He 
had failure to thrive with a weight under the 5th centile despite hy-
percaloric meals. From the respiratory point of view, a restrictive 
pulmonary syndrome was presumed (pulmonary function tests were 
not feasible because of age), with multiple hospital admission due to 
increased oxygen requirements during viral illness. He had recurrent 
atelectasis caused by mucous plugs and an ineffective cough. He 
was managed with intense respiratory physiotherapy, a cough as-
sist machine, dornase alpha nebulization, and occasional noninvasive 
ventilation as required.

After 11 months on the waiting list, heart transplantation was 
successfully performed at the age of 5.5 years. Immediate post-
transplant period was straightforward on the cardiological point of 
view, and the ICU length of stay was determined by his respiratory 
evolution. He was extubated after 48 h but required noninvasive 
ventilation for 14 days with bronchoscopy performed for persistent 
retrocardiac atelectasis, intensive physiotherapy, cough assist, and 
percussionaire with subsequent good evolution. He was discharged 
home after 34 days.

The combination of skeletal congenital myopathy with the 
above-mentioned features and cardiomyopathy prompted con-
sideration of a titinopathy. Specific genetic testing revealed com-
pound heterozygosity for two TTN mutations in trans, a maternally 
inherited pathogenic c.63601C>T p.(Arg21201Ter) variant and a 
paternally inherited likely pathogenic c.83546G>T p.(Gly27849Val) 
variant, confirming the diagnosis of a recessive TTN-related con-
genital myopathy. Interestingly, light microscopy on the removed 
heart muscle did not reveal any gross abnormalities, but later ad-
ditional immunofluorescence staining on frozen specimens against 
N-terminal and C-terminal titin confirmed that the missense mutant 
allele was incorporated into the sarcomere, which appeared dis-
rupted in multiple areas (data not shown). Of note, our patient had 
undergone extensive previous stepwise genetic testing based on ap-
proaches available at the time of initial diagnosis of a myopathy; this 
had initially included RYR1 and MTM1 Sanger sequencing, prompted 
by clinical features and the presence of cores and central nuclei on 
muscle biopsy and was subsequently complemented by screening 
through a more extensive congenital myopathy testing. The results 
of these tests (which did not cover TTN at the time) were negative.

Over the 8 years of follow-up since cardiac transplantation, 
the patient has maintained a normal cardiac function without any 
major post-transplantation complications. He is growing along the 
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25th centile for weight. He markedly improved his endurance and 
strength, with satisfactory motor development, despite major spi-
nal surgery for scoliosis at the age of 7 years. He is active, walks 
independently, engages in various activities such as playing ping-
pong, and rarely uses his walking aids. He developed mild respi-
ratory insufficiency requiring nocturnal noninvasive ventilation, 
which had to be adjusted during respiratory infections. He was 
only admitted once for noninvasive ventilation and intensive 
physiotherapy. His pulmonary function tests show a moder-
ate restrictive syndrome, with a decrease in total lung capacity, 
vital capacity, forced vital capacity (all between 50% and 55% of 
predicted), and decreased sniff nasal inspiratory pressure (48 cm 
H2O). Of note, these parameters have been improving over the 
last years post-transplantation. He is attending mainstream school 
with good academic performance.

3  |  DISCUSSION

Recent introduction of NGS has allowed previously challenging iden-
tification of TTN mutations in DCM and other types of cardiomyo-
pathies, as well as in early-onset skeletal muscle disorders. However, 
the presence of TTN variants in about 3% of healthy individuals il-
lustrates the challenge of correct pathogenicity ascertainment, es-
pecially with regard to isolated missense variants.14 In our case, a 
titinopathy was suspected because of clinical features combining an 
early-onset skeletal myopathy with delayed-onset cardiomyopathy, 
and typical histopathological features comprising a combination of 
cores and central nuclei on muscle biopsy. Other genes associated 
with combined skeletal and cardiac myopathies such as MYH7, BAG3, 
SPEG, or ACTA1 were considered in the differential diagnosis,15–17 
but not confirmed on screening through a NGS congenital myopa-
thy panel. Although in our case the genetic diagnosis was strongly 
suggested by direct sequencing of the TTN gene, unequivocal path-
ogenicity ascertainment of a missense mutation in the complex re-
cessive TTN genotype could only be achieved by rigorous approach 
combining bioinformatics prediction tools and additional functional 
studies.9,18–20 Both parents were identified as heterozygous TTN 
mutation carriers and remain asymptomatic, with normal cardiac 
follow-up to date.

In the few published case series of patients with TTN-related 
congenital myopathies, cardiac involvement was present in about 
half of them,8,9,12,13 with most patients presenting with DCM and 
heart failure in the first decade. Other reported cardiac features 
included left-ventricular non-compaction, ASD, ventricular septal 
defects, and arrhythmias. Our patient exhibited a RCM, which is in-
tuitively plausible considering the crucial role of titin in the resting 
tension of the sarcomere and is also in keeping with an earlier report 
of a de novo TTN mutation in a family with RCM.6 The question if 
TTN mutations could account for other cases of RCM should be ad-
dressed in larger genetic studies.

CHD and rhythm disturbances as seen in our case have also 
been reported in patients with TTN-related congenital myopathies, 

however, given the incidence of CHD in the general population and 
the incidence of arrhythmia in patients with cardiomyopathy, it is 
uncertain if these observations reflect a coincidental or a causal 
association.

In the context of limited availability of donor hearts, decision-
making around transplant candidacy is crucial. Patients with neuro-
muscular disorders are typically not considered candidates for heart 
transplantation, either because their comorbidities increase the risks 
of transplantation or their post-transplant overall prospect is per-
ceived to be limited. An important consideration in this context is 
the expected natural history of neuromuscular disorders with car-
diac involvement, some of which (for example, Duchenne muscular 
dystrophy) may feature relentlessly progressive muscle weakness, 
whereas in others (for example, TTN-related and other congenital 
myopathies) skeletal muscle power may remain stable over pro-
longed periods. Respiratory status is also of utmost importance as 
severe respiratory involvement can represent a contraindication for 
heart transplant listing.

Successful heart transplantation has been reported in some 
patients with a neuromuscular disorder in whom the cardiac phe-
notype was disproportionately severe compared to the degree of 
skeletal and respiratory muscle involvement.21–23 According to a 
statement released by the American Heart Association, cardiac 
transplantation may be considered in carefully selected patients 
with neuromuscular disorders and end-stage heart failure despite 
appropriate therapy.24 Only a very small number of children with 
TTN-related congenital myopathy that underwent heart transplan-
tation have been reported in the literature to date, without data on 
their long-term outcome.9,12,13

Our patient exhibited skeletal muscle weakness from birth and 
followed a relatively stable neuromuscular course, whereas life-
threatening cardiac dysfunction appeared later and progressed 
more rapidly. He had severe diastolic dysfunction and subsequently 
developed fluctuating left ventricular systolic dysfunction, with one 
episode of severe heart failure associated with a respiratory infec-
tion requiring VA-ECMO. Transplant candidacy was discussed in 
multidisciplinary meetings and finally made on the expectation that 
the skeletal myopathy would remain stable over time. Our patient is 
now 8 years post-heart transplant, with excellent cardiac outcome, 
and his motor performance continues to improve despite having un-
dergone major surgery twice.

This case illustrates the phenotypical spectrum of early-onset 
titinopathies and emphasizes that cardiac transplant may have a role 
in selected patients with severe cardiac involvement out of propor-
tion to the degree of skeletal and respiratory muscle involvement.
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