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Bicuspid aortic valve with associated aortopathy, significant left ventricular hypertrophy or concomitant hypertrophic cardiomyopathy: A diagnostic and therapeutic challenge
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Abstract
Due to its prevalence of 0.5% to 2% in the general population, with a 75% predominance among men, bicuspid aortic valve is the most common congenital heart defect. It is frequently accompanied by other cardiac congenital anomalies, and clinical presentation can vary significantly, with stenosis being the most common manifestation, often resulting in mild to moderate concentric hypertrophy of the left ventricle. Echocardiography is the primary diagnostic modality utilized for establishing the diagnosis, and it is often the sole diagnostic tool relied upon by clinicians. However, due to the heterogeneous clinical presentation and possible associated anomalies (which are often overlooked in clinical practice), it is necessary to employ various diagnostic methods and persist in finding the accurate diagnosis if multiple inconsistencies exist. By employing this approach, we can effectively manage these patients and provide them with appropriate treatment. Through a clinical case from our practice, we provide an overview of the literature on bicuspid aortic valve with aortophaty and the possible association with hypertrophic cardiomyopathy, diagnostic methods, and treatment options. This review article highlights the critical significance of achieving an accurate diagnosis in patients with bicuspid aortic valve and significant left ventricular hypertrophy. It is crucial to exclude other possible causes of left ventricular outflow tract obstruction, such as sub- or supra-aortic obstructions, and hypertrophic cardiomyopathy.
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Core Tip: Bicuspid aortic valve accompanied by significant left ventricular hypertrophy, with echocardiographic parameters suggesting possible obstruction of the left ventricular output tract, requires additional diagnostic workup to exclude obstruction other than at the aortic valve level, as well as possible associated hypertrophic cardiomyopathy. A multidisciplinary approach in the heart team and the utilization of multimodal imaging are imperative for the accurate diagnosis and appropriate management of such patients.

INTRODUCTION
Bicuspid aortic valve (BAV) is the most common congenital heart defect with prevalence of 0.5% to 2% in the general population, and 75% predominance among men[1]. It is often associated with other cardiac anomalies such as ventricular septal defect, patent ductus arteriosus, coarctation of the aorta, and the most frequent associated finding is dilation of the proximal ascending aorta[2]. The clinical presentation of patients with BAV can significantly vary from significant stenosis development already in childhood to milder degenerative changes and dysfunction in old age[2]. BAV is more prone to accelerated degeneration over time so the most common clinical presentation is in the form of stenosis with varying degree of insufficiency and typically results in mild to moderate concentric hypertrophy of the left ventricle[1,2]. In patients with symptomatic BAV, the treatment options are surgical or transcatheter aortic valve replacement (TAVR)[3], and depending on the diameter of the ascending aorta (> 45-55 mm) and associated comorbidities, replacement of the ascending aorta is recommended[4].
Hypertrophic cardiomyopathy (HCM) is the most common inherited cardiomyopathy, with a prevalence of 1 in every 500 individuals[5]. It is defined as a primary disorder of the heart muscle characterized by disproportionate asymmetric (in 95% of cases) or less commonly symmetric hypertrophy of the left ventricle (LV), without a clear cause to explain the observed hypertrophy (such as arterial hypertension, aortic stenosis, and others)[6]. HCM is mostly caused by autosomal dominant mutations in genes that encode sarcomere proteins (up to 60%) which control heart muscle growth and function[6]. Hypertrophy can also be caused by other genetic disorders such as neuromuscular diseases, chromosomal abnormalities, and genetic syndromes. These disorders may affect the myocardium and lead to abnormal ventricular hypertrophy or other structural abnormalities that can impede cardiac function[6]. Accurate diagnosis of the underlying etiology of hypertrophy is crucial for devising an appropriate therapeutic strategy and achieving optimal outcomes[6]. The disease is typically diagnosed in middle-aged and older adults between the third and fifth decade of life[7].
The onset of disease symptoms is attributed to diastolic dysfunction of the LV, which presents as fatigue, dyspnea on exertion, atypical chest pain, palpitations, and syncope. The symptoms and treatment of HCM depend on the presence of an obstructive gradient in the left ventricular outflow tract (LVOT). Asymptomatic patients without LVOT obstruction do not require active treatment, but they should undergo regular echocardiographic monitoring at one-year intervals[8]. The treatment options for symptomatic patients with HCM and obstructive gradient include medication such as non-vasodilating beta-blockers, verapamil, disopyramide, and more recently, mavacamten[9], while interventional/surgical options include surgical septal myectomy (Morrow's operation) or percutaneous alcohol septal ablation. Dual-chamber pacing has not shown convincing benefits in treatment[8].
Coexistence of BAV and HCM has been reported with a prevalence of about 1%[10-14], however, its true prevalence remains unknown. The concomitance of BAV and severe left ventricular hypertrophy (LVH) can present a significant diagnostic and therapeutic challenge in everyday clinical practice. 

CLINICAL PRESENTATION
The clinical presentation of patients with BAV and concomitant HCM can vary widely. Some patients may remain asymptomatic, while others may experience symptoms such as chest pain, shortness of breath, palpitations, or syncope. These symptoms may be related to the aortic valve stenosis or regurgitation, or they may be related to the HCM. In some cases, the LVH in patients with BAV and HCM can be so severe that it obstructs the LVOT, leading to symptoms of heart failure, such as fatigue, edema, and dyspnea on exertion[12,15].
In case from clinical practice, a 39-year-old female patient who had previously (5 years before) been diagnosed with BAV presented to a cardiologist with symptoms consistent with heart failure with preserved ejection fraction. These symptoms included exertional intolerance, rapid fatigue, and occasional lower extremity edema. Upon evaluation, the patient's N-terminal pro-B-type natriuretic peptide (NTproBNP) levels were found to be elevated, and there was LVH and left ventricular "strain" on electrocardiogram (Figure 1). 

IMAGING EXAMINATIONS WITH MULTIDISCIPLINARY APPROACH 
Transthoracic echocardiography (TTE) is the primary diagnostic modality utilized in the detection and longitudinal follow-up of patients with BAV or HCM. However, in cases where uncertainties or associated anomalies are suspected, additional diagnostic methods such as transesophageal echocardiography (TEE), magnetic resonance imaging (MRI), or computed tomography (CT) may be employed for diagnosing.
In this case, the TTE revealed a very high peak pressure gradient (up to 93 mmHg) (Figure 2A, Video 1) across the calcified BAV with mildly reduced orifice area (1.9 cm2) (Figure 2B, Video 1), and measured significant LVH (intraventricular septum 16-18 mm) (Figure 2C, Video 1), without typical dagger-shaped morphology on continuous Doppler at the level of the valve, and no systolic anterior motion. The peak gradient (PG) across the LVOT on pulse Doppler was 12 mmHg (Figure 2D), increasing to 35 mmHg with Valsalva maneuver. It became imperative to ascertain whether the obstruction was solely attributable to the altered valve, or if there were additional sub- or supra-aortic obstruction, and in combination with significant hypertrophy indicative of hypertrophic cardiomyopathy. 
Next step was TEE, which confirmed the findings of the TTE. In order to rule out any associated anomalies, a CT angiography and aortography were conducted, which ruled out obstructive coronary artery disease and revealed the presence of a fusiform aneurysm in the ascending aorta measuring up to 45 mm, in addition to the previously identified BAV. Cardiac MRI confirmed the presence of BAV with clear obstruction at the valve level (Figure 3A) and LVH up to 16 mm (Figure 3B), with no indications of HCM, including no evidence of late gadolinium enhancement, and only mild diffuse fibrosis observed via borderline higher T1 values of the myocardium, with myocardial thickness appearing normal. 
The diagnostic process for these patients is crucial and requires a multidisciplinary approach. A team of cardiologist, cardiac surgeon, and radiologist need to collaborate in order to evaluate the patient's condition and determine the appropriate diagnostic methods for establishing an accurate diagnosis.

DIFFERENTIAL DIAGNOSIS AND TREATMENT
In patients with significant hypertrophy of LV and high doppler gradient localized on the aortic valve and in the LVOT, although bicuspid aortic valve and stenosis are known, it is important to exclude other possible causes of LVOT obstruction, possible at sub- or supra-aortic level, and such as hypertrophic cardiomyopathy. It is a particular challenge to make a diagnosis when the patient has certain elements that do not completely fit together. Except TTE and TEE examinations and their characteristics (e.g., systolic anterior movement, ‘’dagger’’-shape Doppler), additional imaging like cardiac MRI has a key role in establishing a diagnosis. Making the right diagnosis is crucial because depending on the diagnosis, there are many different treatment options (valve replacement – BAV without HCM, myectomy and valve replacement – stenotic BAV + HCM, alcohol septal ablation and later valve replacement – obstructive HCM with preserved BAV function). The multidisciplinary team recommended in the presented case a surgical procedure that included the implantation of a mechanical aortic valve, along with resection and reconstruction of the ascending aorta using a straight graft (Video 2). A potentially useful fact for differential diagnosis in this case is that the patient has an identical twin sibling who underwent a TTE and had normal findings. 
The choice of treatment will depend on individual patient characteristics and severity of the condition. In patients with a combined maximal instantaneous gradient of > 40 mmHg across the LVOT and aortic valve, and medically refractory symptoms despite maximal therapy, a surgical approach is the recommended course of action[10]. Surgical myectomy is favored over alcohol septal ablation due to its ability to simultaneously address aortic valve dysfunction and aortic pathology. However, if the patient is not a candidate for surgery and alcohol septal ablation is being considered, hemodynamic catheterization can provide valuable information as non-invasive quantitation of serial stenoses using doppler echocardiography has its limitations[10]. Additionally, innovative medicament treatment options are being used in this field. Such example are cardiac myosin inhibitors, a class of drugs that target the sarcomere, the basic contractile unit of cardiac muscle cells[6]. Mavacamten is a specific cardiac myosin inhibitor that has been approved by the FDA for the treatment of obstructive HCM in adult patients with New York Heart Association class II-III symptoms[6]. Mavacamten works by reducing the hypercontractility of the heart muscle, which can help to improve blood flow and alleviate symptoms in patients with obstructive HCM. It is taken orally and is usually prescribed in combination with other medications that help to manage symptoms and reduce the risk of complications[6].

THE IMPORTANCE OF FOCUSING ON AORTA AND LEFT VENTRICLE IN PATIENTS WITH BAV
The pathogenesis of BAV remains incompletely understood, but there is evidence of genetic predisposition, with several genes identified as potential contributors[16,17]. Additionally, the interplay between genetic factors and hemodynamic stresses has been proposed as a mechanism in the development of BAV[18]. BAV is often associated with aortopathy, a recent study shows up to 33%[19], suggesting that is a malformation involving the aorta[19,20]. The dilatation of the aortic root and ascending aorta is a common occurrence in individuals with BAV[21], particularly in certain morphology patterns [right-left vs right-noncoronary (RN) cusp fusion is associated with larger sinus of Valsalva diameter][22], and this condition can result in the formation of aneurysms, aortic dissection, or aortic rupture, even in the absence of significant valvular changes[23]. In the presence of root asymmetry (≥ 5 mm between cusp-to-cusp diameters), which is common in over 50% of BAV patients without raphe and over 40% of BAV-RN morphotype[24], it is possible to underestimate the diameter of the aortic root when measuring it using TTE with leading-leading edges. In such cases, it may be necessary to use more precise imaging techniques such as magnetic resonance imaging or CT to obtain the most accurate measurement of the largest aortic root diameter, especially in patients with BAV-RN and those without a raphe[25]. 
Research on BAV has not only focused on the valve itself, but also its effects on the left ventricle and associated remodeling[26-29]. Changes in left ventricular geometry and function, particularly impaired diastolic function, have been linked to symptom severity and poor clinical outcomes[29]. LV changes associated with BAV can include concomitant specific cardiomyopathies, as shown in a recent study with a prevalence of up to 5.6%[11]. It is important to consider this possibility as a potential associated anomaly in BAV patients, as we have highlighted.
Recent literature review[25] emphasizes the significance of utilizing various diagnostic techniques and a multimodality approach in the comprehensive evaluation of BAV morphology, identification of associated anomalies, assessment of LV, risk stratification, and therapy guidance[23,30].

CONCLUSION
In addition to classical, clear-cut cases of degenerative, stenotic BAV, and associated hypertrophy of the LV, there is a possibility of "entity overlap", where only a thorough multimodal diagnostic workup by the multidisciplinary team can lead to a clear diagnosis, enabling the planning of therapeutic options and appropriate management of such patients. Multimodality imaging is essential for accurate diagnosis, follow-up, and surgical management in patients with BAV, given the potential for associated aortic and LV anomalies that need to be ruled out or identified.
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Figure 1 Electrocardiogram.
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Figure 2 Preoperative ECHO images. A: Aortic gradient peak gradient 93 mmHg; B: Parasternal short axis - valve with calcification; C: M- mode parasternal long axis; D: Left ventricular outflow tract doppler 12 mmHg. 
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Figure 3 Cardiac magnetic resonance imaging was acquired on a 1.5T scanner. A: Systolic jet of aortic stenosis (arrow) can be observed on a 3-chamber view cine steady-state free precession image; B: The left ventricular myocardium was hypertrophic with a 15.8-mm-thick interventricular septum on a short-axis SSFP enddiastolic image. LA: Left atrium; LV: Left ventricle; RV: Right ventricle; LV: Left ventricle.
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