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Case Report: A rare case of Noonan syndrome with multiple lentigines manifesting as cardiac enlargement
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Noonan syndrome with multiple lentigines (NSML) is a rare autosomal dominant disorder, primarily caused by variants in the PTPN11 gene. Characterized by multiple lentigines, hypertelorism, short stature, and hearing loss, its common cardiac manifestations include pulmonary stenosis, hypertrophic cardiomyopathy (HCM), atrial septal defect, and left-sided heart lesions. We report a 58-year-old female diagnosed with NSML presenting with bilateral atrial and ventricular chamber enlargement and atrial fibrillation, which are uncommon cardiac phenotypes of NSML.
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Background

Noonan syndrome with multiple lentigines (NSML), previously known as LEOPARD syndrome, is a rare multisystem autosomal dominant disorder first described in 1969. It is characterized by lentigines, electrocardiographic conduction abnormalities, hypertelorism, pulmonary stenosis, genital anomalies, growth retardation, and deafness (1, 2). Approximately half of the cases are due to variants in the PTPN11 gene, affecting the RAS-MAPK signaling pathway, which influences cell proliferation, migration, and differentiation (3). Around 85% of patients have cardiac defects, most commonly HCM and pulmonary stenosis, with occasional aortic and mitral valve anomalies (4). The electrocardiogram (ECG) shows not only abnormalities associated with hypertrophic cardiomyopathy but also conduction abnormalities (4). However, the clinical features and genetic heterogeneity of this condition vary significantly among patients (3).



Case presentation

A 58-year-old female presented with a 10-year history of exertional dyspnea, progressively worsening bilateral lower extremity edema, and new-onset orthopnea. She had a history of congenital bilateral hearing loss. Diffuse brown pigmented macules appeared on the face, trunk, and limbs since childhood, with clear borders and varying sizes and shapes. Physical examination revealed short stature (height: 158.5 cm), high forehead hairline, hypertelorism, ptosis, low-set ears, short neck, dental malalignment, and pectus excavatum. Left-sided talipes equinovarus was also noted (Figure 1). Her intellectual development was normal. Cardiac examination showed an enlarged heart, irregular rhythm, and grade 3/6 systolic murmurs at the mitral and tricuspid areas. Jugular venous distention and significant bilateral lower extremity edema were also found. The patient had eight siblings. Through telephone communication and photographic evidence, none of them had a history of heart disease, generalized macules, or developmental anomalies. Her first husband was intellectually disabled, and they had a son who was also intellectually disabled with multiple lentigines. With her second husband, she had a daughter who was physically and intellectually normal and had no lentigines.
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FIGURE 1
Clinical features of the patient. (a,b) Facial characteristics; (c) Lentigines and pectus excavatum; (d) Facial lentigines and dental malalignment; (e) Left foot deformity.


Laboratory tests showed brain natriuretic peptide (BNP) 845 pg/ml and high-sensitivity cardiac troponin I (hs-cTNI) 9.0 ng/L. Echocardiography (UCG) and chest x-ray (Figure 2) revealed global cardiac enlargement (left atrium: anteroposterior diameter 6.4 cm, superior-inferior diameter 8.9 cm, transverse diameter 5.9 cm; right atrium: superior-inferior diameter 9.2 cm, transverse diameter 6.6 cm with an interatrial membrane; left ventricle: end-diastolic diameter 5.8 cm, end-systolic diameter 3.3 cm, posterior wall thickness 1.1 cm, interventricular septum 1.0 cm; right ventricle: anteroposterior diameter 2.4 cm, transverse diameter 5.1 cm), left ventricular ejection fraction 73.7%, severe mitral and tricuspid regurgitation, and an inferior vena cava diameter of 3.6 cm. Septal defect or pulmonary artery stenosis was not found. ECG indicated atrial fibrillation with a ventricular rate of 117 bpm (Figure 3). 1,530 premature ventricular contractions (PVCs) of various morphologies and 4 short runs of ventricular tachycardia were recorded by Holter ECG throughout the day (Figure 3). Furthermore, the patient reported no history of alcohol, drug, or tobacco use, and there was no diagnosis of hypertension. While coronary imaging could not be performed due to the patient's personal preference, bilateral carotid artery ultrasound revealed no atherosclerotic plaques, suggesting a low likelihood of coronary artery disease as a contributing factor. Whole exome sequencing was performed due to suspicion of NSML, revealing a heterozygous pathogenic variant in PTPN11, exon 12, c.1403 C>T (p.Tyr468Met) in the blood samples of both the patient and her son (Figure 4). However, this mutation was not detected in her daughter's blood sample (Figure 4). Genetic testing was not performed on her siblings. Other pathogenic genetic alterations related to cardiomyopathy and arrhythmias were not found to have significant relevance, especially genes for the Rasopathies and the cardiovascular phenotype based on the American College of Medical Genetics and Genomics and the Association for Molecular Pathology guidelines (5). The patient was treated with oral anticoagulants, beta-blockers, and diuretics. Symptoms improved, and the patient was discharged with a follow-up plan. The first follow-up visit was conducted after 15 months. The patient's heart rate is well-controlled, with a mean ventricular rate of 79 beats per minute on Holter monitoring, which indicated 24 h of atrial fibrillation and 26 premature ventricular contractions. The left ventricular end-diastolic diameter remained unchanged at 5.6 cm, leading us to conclude that the likelihood of tachycardia-induced cardiomyopathy is low.
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FIGURE 2
Cardiac imaging findings. (a) Apical four-chamber view: the left atrium has a vertical diameter of 8.9 cm and a transverse diameter of 5.9 cm; the right atrium has a vertical diameter of 9.2 cm and a transverse diameter of 6.6 cm. (b) Left ventricular long-axis view: left ventricular end-diastolic diameter (LVEDD) is 5.8 cm, left ventricular posterior wall thickness (LVPWT) is 1.1 cm, interventricular septal thickness (IVS) is 1.0 cm, and right ventricular anteroposterior diameter is 2.4 cm. (c) Anteroposterior chest x-ray showed significant heart enlargement.
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FIGURE 3
Electrocardiographic findings. (a) ECG on admission: atrial fibrillation. (b) Holter monitoring: multiple premature ventricular contractions of varying morphologies, some occurring in pairs, and short runs of ventricular tachycardia.
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FIGURE 4
Sanger sequencing of the PTPN11 variant, exon 12, c.1403 C>T (p.Tyr468Met). (a) Proband: Heterozygous mutation detected at the indicated position (red arrow). (b) Proband's son: Heterozygous mutation detected at the same position (red arrow). (c) Proband's daughter: No mutation detected at this position.




Discussion

In this case report, we highlight the cardiac manifestations of a patient with NSML. Unlike most NSML patients, this patient did not exhibit common cardiovascular manifestations such as hypertrophic cardiomyopathy or pulmonary stenosis. Instead, the primary manifestations were whole cardiac enlargement, heart failure with preserved ejection fraction, and atrial fibrillation. As far as we know, previous NSML cases have not reported such a cardiac phenotype with whole cardiac enlargement (4, 6–8). This case contributes to a broader understanding of the cardiac manifestations of NSML.

NSML is known as Leopard syndrome previously and is classified as a RASopathy, which refers to a group of related disorders caused by variants in genes within the Ras/mitogen-activated protein kinase (Ras/MAPK) pathway (9). The prevalence of NSML is unknown, but it is considered a rarer phenotype among RASopathies. Multiple gene variants can cause Noonan Syndrome/NSML, including PTPN11, BRAS, and RAF1, with PTPN11 variants being the most common one. Variants in exon 7 and exon 12 of the PTPN11 gene, particularly the Tyr279Cys and Thr468Met varitants, are most frequent (10). The cardiac phenotype of patients may be related to specific exon variants. For example, variants in exon 7 and exons 12 and 13 are associated with the septal morphology of hypertrophic cardiomyopathy (11). The protein product of PTPN11, the protein tyrosine phosphatase (SHP2), plays a clear role in valve morphogenesis. In mouse models, cardiac defects are caused by the activation of mutant SHP2 in the developing endocardium, which further affects downstream signaling (12). Histologically, myocardial tissues from PTPN11 mutant mice showed hypertrophy of myocardial cells, disarrayed myocardial fibers, and infiltration of inflammatory cells in the intercellular spaces. As the mice aged to 52 weeks, significant left ventricular hypertrophy transitioned to a dilated cardiomyopathy phenotype, characterized by cardiac enlargement, thinning of the ventricular walls, and impaired cardiac contractility (13) Currently, there is no clear experimental evidence to explain the molecular mechanism underlying the whole cardiac enlargement observed in NSML patients. In one NSML family, elderly patients did not show a cardiac enlargement phenotype (14), but variants in exon 7 of PTPN11 primarily caused the pathogenic gene in this family. There may still be differences in clinical phenotypes and disease progression among NSML patients with different variants. Besides, current diagnostic tools cannot entirely rule out coronary artery disease or unknown genetic variants that may be contributing to the patient's cardiac enlargement.

In terms of electrophysiological phenotype, multifocal and ectopic atrial tachycardia has been reported in pediatric patients with RASopathies, and some patients respond well to flecainide treatment, suggesting that these patients may have dysregulated calcium ion release, which could lead to cardiomyopathy and heart failure (15). More common ECG findings include ventricular hypertrophy, Q waves, prolonged QT intervals, and repolarization abnormalities (4). There have also been reports of NSML patients exhibiting non-sustained ventricular tachycardia, and it seems that patients without PTPN11 variants do not have an increased risk of arrhythmia. These patients also have left atrial enlargement, which may be related to diastolic dysfunction or outflow tract obstruction (16). There is no experimental evidence to clarify the mechanism of arrhythmia in NSML patients. We hypothesize that the atrial fibrillation and polymorphic PVCs in this patient may be secondary to cardiac structural changes caused by whole cardiac enlargement.



Conclusion

We report a patient with distinctive facial features and multiple lentigines who was diagnosed with NSML through genetic testing. The heart is a commonly affected organ in NSML, but the manifestation of whole cardiac enlargement is rare. This case is significant as it emphasizes the importance of recognizing the various cardiac manifestations in NSML, especially in patients with exon 12 of the PTPN11 mutation, and highlights the need to consider differential diagnoses in heart failure patients with distinctive facial features.
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