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Background: Hypertrophic cardiomyopathy (HCM) is a prevalent monogenic hereditary cardiovascular disorder caused by
a mutation in one of the several sarcomere genes encoding components of the cardiac contractile system, distinguished by varied
phenotypic presentation and fluctuating clinical advancement. HCM typically affects the left ventricle, resulting in impaired left
ventricular function, instances of impaired right ventricular function are uncommon. This case study presents a rare occurrence of
HCM accompanied by deteriorating right ventricular function, providing valuable insights for clinicians.

Case Presentation: Herein, we present a case study of an individual diagnosed with HCM utilizing next-generation sequencing
(NGS). Over the disease course, the patient with hypertrophic cardiomyopathy also presented with sustained atrial fibrillation,
characterized by progressive right ventricular dysfunction, resulting in the development of peripheral edema and ascites.
Conclusion: We report the case of a patient with non-obstructive HCM exhibiting progressive decline in right heart function,
confirmed to have the ¢.470C>T (p.Alal57Val) mutation in exon 7 of the TNNI3 gene.
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Introduction
Hypertrophic cardiomyopathy (HCM) is a prevalent, heritable cardiac condition with worldwide occurrence, typified by
hypertrophy of the left ventricle. This ailment stands as a primary contributor to instances of sudden cardiac demise,
heart failure, and atrial fibrillation.'> HCM predominantly adheres to an autosomal dominant mode of inheritance, with
pathogenic genetic alterations detected in around 60% of individuals affected by the condition.® Molecular genetic
investigations have unveiled 27 pathogenic genes linked to HCM, with particular emphasis on MYBPC3, MYH7 and
TNNT?2, pivotal in encoding myofilament proteins within the cardiac sarcomere and crucial for contractile functionality.*
Heart failure is a prevalent complication of HCM and constitutes an independent risk factor for mortality in affected
individuals.” The majority of heart failure cases in HCM are classified as heart failure with preserved ejection fraction
(HFpEF), primarily due to impaired ventricular diastolic function.® Advanced heart failure characterized by predomi-
nantly non-obstructive HCM is present in 5-7% of patients and is distinguished by resistance to pharmaceutical
interventions and severe functional impairment.” Right heart failure occurs in approximately 5-15% of cases of HCM®
and is most commonly seen in patients with end-stage HCM, ventricular remodelling leading to biventricular failure and
an increased incidence of right heart failure. Other conditions associated with right heart failure include combined
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pulmonary hypertension and right ventricular hypertrophic HCM. However, left ventricular hypertrophy with right
ventricular insufficiency is rare among HCM patients, and its incidence is unknown.

Atrial fibrillation is the most prevalent arrhythmia associated with HCM and constitutes a critical complication,
significantly linked to an elevated risk of thromboembolic stroke as well as increased morbidity and mortality.” The
impaired atrial contractile function in atrial fibrillation commonly leads to a significant decrease in left ventricular (LV)
diastolic filling, further worsening heart failure symptoms in individuals with HCM."

We report a case of HCM coexisting with atrial fibrillation in a patient exhibiting preserved left ventricular function,
yet experiencing progressive deterioration of right ventricular function. This relatively uncommon manifestation high-
lights the necessity for further exploration into the underlying mechanisms of disease progression and the development of
potential therapeutic strategies.

Case Report

In January 2021, a 53-year-old female patient sought medical care due to complaints of chest tightness, palpitations, and
peripheral edema. These symptoms had intermittently surfaced and deteriorated over the preceding decade. The patient
had been diagnosed with hypertrophic cardiomyopathy (HCM) for 13 years and had also experienced atrial fibrillation
for 5 years. Furthermore, in 2014, she underwent significant gastrectomy for gastric cancer. Notably, there was no
pertinent travel history or contact with epidemic regions. She did not engage in smoking or indulge in excessive alcohol
consumption. Her mother had a confirmed medical record of cardiac hypertrophy. Upon hospital admission, her vital
signs were recorded as follows: temperature 36.9°C, blood pressure 106/64 mmHg, pulse rate 74 beats per minute, and
respiratory rate 20 breaths per minute. Physical examination unveiled an enlarged cardiac silhouette, markedly irregular
heart rhythm, and the absence of pathological murmurs within the cardiac valve regions. While jugular venous distention
was not observed, mild edema in the lower extremities was noted. Additionally, no adventitious lung sounds, such as
moist rales, were auscultated.

Laboratory investigations revealed elevated levels of brain natriuretic peptide (829 pg/mL) and D-dimer (1.04 mg/L).
Hemoglobin was notably low at 84 g/L, while electrolyte assessments indicated hyponatremia (131 mmol/L) and
hypokalemia (3.0 mmol/L). Tests for liver function, renal function, thyroid function, and markers of infectious disease
exhibited no significant abnormalities. An electrocardiogram performed upon admission showed atrial fibrillation with
ST-segment depression and T-wave inversion (Figure 1).

Transthoracic echocardiography (Figure 2) demonstrated pronounced interventricular septal hypertrophy measuring
19 mm, along with preserved left ventricular systolic function (ejection fraction of 55%) and an absence of left
ventricular outflow tract obstruction, both at rest and following the Valsalva maneuver. Additionally, right ventricular
dilation with impaired systolic function was observed, as indicated by a TAPSE measurement of 14.5 mm, alongside
notable tricuspid regurgitation. The pulmonary artery systolic pressure (PASP) was recorded at 53 mmHg.

Through next-generation sequencing (NGS) analysis, a ¢.470C>T (p.Alal57Val) mutation in the TNNI3 gene was
identified (refer to Table 1), which was also detected in two family members (specifically, her sister and daughter).
Cardiac magnetic resonance imaging (CMR) is the gold standard for evaluating the structure and function of the right
heart. Right heart catheterization allows direct measurement of intracardiac pressure, pulmonary artery pressure and
cardiac output and assessment of right ventricular preload and afterload. It is recommended in refractory right heart
failure or when non-invasive tests fail to make a definitive diagnosis. Despite recommendations for CMR and right heart
catheterization, these diagnostic procedures were declined by the patient. The diagnosis rendered was non-obstructive
HCM concomitant with atrial fibrillation, and treatment commenced with furosemide, spironolactone, rivaroxaban, and
metoprolol succinate. Based on the 2024 AHA/ACC guideline for the management of HCM,® and given the absence of
pertinent family history involving sudden death, unexplained instances of syncope, abnormal left ventricular hypertrophy
(maximum left ventricular wall thickness >30mm), apical ventricular wall tumor of the left ventricle, or non-sustained
ventricular tachycardia during extended electrocardiogram monitoring, the implantation of an implantable cardioverter
defibrillator (ICD) was deemed unnecessary.

Upon discharge, the patient maintained regular follow-up appointments at our outpatient clinic. In September 2021,
an abdominal ultrasound disclosed indications of congestive hepatopathy. Subsequent evaluations in March 2022
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Figure | Electrocardiogram (ECG) of the patient at admission. 12-lead electrocardiogram indicated atrial fibrillation, ST segment depression, and T wave inversion in leads I,
Ill, avF, V4, V5 and Vé.
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Figure 2 Echocardiograms of the patient at admission in January 2021 (A and B) and at outpatient review in August 2024 (C and D). Parasternal long axis view (A-C)
shows significant thickness of interventricular septum (red arrow). Apical four chamber section (B and D) shows right heart dilatation with significant tricuspid regurgitation
(red arrow).
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Table | Mutation Profile via Next-Generation Sequencing

Gene Chromosome Transcript Number Genetic Genotypes | Pathogenicity
Location Nucleotide Change Subregion Classification
(Amino Acid Changes)

TNNI3 | Chrl9:5566 5477 NM_000363.4: EX7/CDS7 | Hybridization | Pathogenicity
. 470C>T(p.Alal57Val)

Table 2 A Summary Table Showing the Key Findings from Cardiac Ultrasound Over Time

Time | LA (cm) | RA (cm) | LV (cm) | IVS (cm) | TAPSE (cm) | S’ (cmis) | PASP (mmHg) | LVEF (%)

2021.05 | 4.68%6.6 6.7%8.3 4.0 1.8 1.2 8.1 56 56
2022.09 | 4.77*%7.5 7.61%9.5 4.2 1.82 1.1 6 40 51
2024.08 | 4.24*5.63 | 7.92%10.23 4.29 1.86 1.15 6 36 52

revealed the development of ascites. An echocardiogram performed in August 2024 displayed a modest reduction in left
ventricular systolic function (ejection fraction of 52%), alongside progressive right heart enlargement, deteriorating
tricuspid regurgitation, and a gradual decline in right ventricular systolic function (TAPSE measuring 11.5 mm, TDI s’
6 cm/sec) (refer to Table 2). Surgical intervention to address severe tricuspid valve pathology was recommended to
counteract further deterioration in right heart function; however, the patient opted against this course of action once more.

Discussion

We present a case of a patient with non-obstructive HCM with progressive deterioration of right heart function. The
presence of the ¢.470C>T (p.Alal57Val) mutation within exon 7 of the TNNI3 gene was confirmed. Mutations in the
TNNI3 gene have been documented in about 2% of individuals with HCM, exhibiting a distinctive concentration within
exons 7 and 8."' The clinical manifestations associated with TNNI3 mutations display considerable heterogeneity,
spanning from asymptomatic carriers to individuals who experience sudden cardiac death.'? Notably, the most severe
prognostic outcomes have been observed in carriers of the Alal57Val mutation located in exon 7.'* Roughly 30% of
individuals with HCM harboring TNNI3 mutations manifest supraventricular tachycardia (SVT), encompassing condi-

14

tions such as atrial fibrillation™ and atrial flutter. When juxtaposed with individuals possessing alternative genetic

variants, those with TNNI3 mutations face an elevated risk for heart failure composite endpoints as well as combined
heart failure and arrhythmia composite endpoints.'>'®

HCM is associated with complex pathophysiological mechanisms, including left ventricular outflow tract obstruction
(LVOTO), mitral regurgitation and diastolic dysfunction.” In cases of non-obstructive HCM, diastolic dysfunction
emerges as the predominant factor contributing to diminished exercise capacity and the onset of heart failure
symptoms.'’ As a result of impaired ventricular relaxation, the process of ventricular filling becomes increasingly
dependent on atrial contraction. Therefore, when atrial arrhythmias, such as atrial fibrillation, manifest, patients with
HCM demonstrate diminished tolerance to these alterations.’

The HCM patient exhibited progressive right ventricular dysfunction, likely attributable to multiple factors. Firstly, the
mechanism by which HCM leads to right heart failure is related to ventricular interdependence'® The right and left ventricles
are connected by the interventricular septum. Structural and functional changes to the left ventricle in patients with HCM
affect the right ventricle through movement of the septum, leading to right ventricular dysfunction and right heart failure.
Secondly, patients with HCM have impaired diastolic function in the left ventricle, resulting in elevated end-diastolic
pressure. This, in turn, increases pulmonary artery pressure. In order to pump blood into the pulmonary arteries, the right
ventricle needs to overcome higher pressures, and the increased afterload can lead to dilatation and impaired function of the
right ventricle, and ultimately right heart failure in the long term.'® Finally, right ventricular hypertrophy leads to increased

right ventricular diastolic pressure, resulting in right ventricular dysfunction.”’ In our patient, right ventricular involvement in
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HCM is correlated with an increased incidence of supraventricular arrhythmias, advancing heart failure, and a heightened
risk of sudden cardiac death.?’ Our patient presented with a combination of atrial fibrillation occurring concurrently with
HCM, which further diminished left ventricular filling, thereby increasing right ventricular afterload and contributing to
progressive right ventricular enlargement. This ongoing enlargement leads to increasingly severe tricuspid regurgitation,
establishing a vicious cycle in which each condition exacerbates the other. In light of these findings, we contemplated
whether interventions such as atrial fibrillation ablation or surgical correction of the tricuspid valve could potentially mitigate
the progressive decline in right heart function. Atrial fibrillation ablation may offer significant benefits to heart failure
patients”*** by enhancing electrical-mechanical synchronization of the heart, restoring atrial systolic function, and optimiz-
ing ventricular filling. Additionally, rhythm control can reverse ventricular remodeling and restore sinus rhythm, which in
turn reduces neuroendocrine activation and slows ventricular dilatation. In patients with atrial fibrillation and heart failure,
the combination of catheter ablation and guideline-directed medical therapy was associated with a reduced risk of all-cause
mortality, left ventricular assist device implantation, or urgent cardiac transplantation compared with drug therapy alone.**

Consequently, it is advisable to incorporate routine evaluation of the right ventricle into the assessment protocols for
patients with HCM. Furthermore, there are currently no targeted treatment modalities specifically available for HCM
patients exhibiting right ventricular dysfunction. In the present case, the patient experienced a progressive decline in right
ventricular systolic function, as evidenced by the worsening of peripheral edema and ascites. Treatment strategies
focused on volume management, necessitating adjustments to the diuretic regimen by incorporating torasemide alongside
tolvaptan therapy due to observed diuretic resistance. Lastly, traditional echocardiography lacks sensitivity in detecting
early-stage right ventricular dysfunction; thus, advanced diagnostic techniques such as cardiac magnetic resonance
(CMR) imaging and right heart catheterization are recommended for a more precise assessment.”

Historically, HCM combined with right ventricular dysfunction has received little attention due to the limitations of
previous imaging techniques. With the advent of advanced imaging modalities, including CMR, an increasing amount of
right heart data is now available.?

This case report has several limitations. First, patient compliance was relatively low, and they did not fully adopt
more advanced diagnostic techniques, such as CMR imaging or right heart catheterization. Second, we did not conduct
further analysis of the gene mutation to determine its potential association with a progressive decline in the patient’s right
heart function.

Conclusion

Hypertrophic cardiomyopathy with right heart failure as the main manifestation is rare in clinical practice and has
relatively few therapeutic options. The specific mechanisms involved are unclear and may include the following: elevated
pressure in the pulmonary circulation, activation of the neuroendocrine system, and abnormal interventricular interac-
tions. Consequently, clinicians should consider the possibility of left ventricular hypertrophy coexisting with right
ventricular insufficiency in their practice and continue to explore the underlying pathophysiological mechanisms. This
case provides ideas for the diagnosis and treatment of right heart failure and needs more research attention in the future.

Abbreviations

HCM, Hypertrophic cardiomyopathy; NGS, Next generation sequencing; HFpEF, Heart failure with preserved ejection
fraction; LV:, Left ventricular; PASP, pulmonary artery systolic pressure; ICD, Implantable cardioverter defibrillator;
CMR, Cardiac magnetic resonance.
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