Clinical and Imaging Features of Scimitar Syndrome in a 15-year-old boy: A Case Report
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Abstract
Horseshoe lung (HL) and Scimitar syndrome are both rare congenital anomalies of the cardiopulmonary system, and their coexistence is extremely uncommon. We report a 15-year-old boy who presented with syncope and hemoptysis during physical activity. Imaging revealed features consistent with Scimitar syndrome associated with HL, including PAPVC, right lung hypoplasia, pulmonary sequestration, and a midline parenchymal isthmus. The patient underwent embolization and segmentectomy, followed by planning for definitive cardiac repair. This case highlights the diagnostic and therapeutic challenges of combined cardiopulmonary malformations.
Introduction
Horseshoe lung (HL) is an extremely rare congenital pulmonary malformation with a midline parenchymal isthmus connecting the basal segments of the right and left lungs(1). The isthmus is typically posterior to the heart and anterior to the aorta, esophagus, and vertebral column(2). The malformation was first described by Spencer in 1962 and has been documented in fewer than 100 cases in the literature(3). HL is most commonly diagnosed in infancy or early childhood and is typically associated with other congenital anomalies, particularly of the cardiovascular and pulmonary systems(4).
One of the most common and important associations is with scimitar syndrome, a rare variant of partial anomalous pulmonary venous return (PAPVR). Scimitar syndrome is abnormal drainage of one or more pulmonary veins into the right atrium or inferior vena cava, hypoplasia of the right lung, and usually systemic arterial supply to the right lung from the aorta (pulmonary sequestration)(5). The term "scimitar" refers to the curved, sword-like appearance of the anomalous vein on imaging. The prevalence of scimitar syndrome has been reported to be 1–3 per 100,000 live births, constituting approximately 0.5–1% of all congenital heart diseases (6, 7).
The association of HL and scimitar syndrome is extremely rare, and its clinical presentation can vary from asymptomatic incidental findings to infantile onset of severe respiratory distress and heart failure (3, 6). Imaging modalities, particularly computed tomography (CT) and magnetic resonance imaging (MRI), play a very significant role in the diagnosis and subsequent anatomical definition of these anomalies(8).
We report a rare case of a patient who had horseshoe lung in combination with scimitar syndrome, diagnosed based on characteristic radiologic findings. The case highlights the importance of detailed imaging and multidisciplinary evaluation in the workup of complex congenital cardiopulmonary anomalies.
Case presentation
A healthy 15-year-old boy with no relevant past medical history was hospitalized last December following a syncopal attack in school during sport activities and football. The attack was followed by generalized weakness, palpitations, and loss of consciousness. He initially presented at the emergency department of a local hospital in Birjand, where initial management was provided. Physical examination revealed the presence of a cardiac murmur, prompting transthoracic echocardiography (TTE), which revealed right ventricular (RV) enlargement with normal systolic function (EF: 70%) and mild tricuspid regurgitation. 
On the basis of these findings, the patient was referred to a tertiary care center in Mashhad for further evaluation. During the referral to the referral hospital, the patient had repeated attacks of hemoptysis and was subsequently admitted to the pediatric pulmonology ward of Akbar Children's Hospital, Mashhad.
A plain chest posteroanterior radiograph demonstrated a curvilinear vascular in the right lower lung zone, a mild volume loss in the right lung and the heart is mildly displaced toward the right side (Figure 1). Follow-up echocardiogram I Mashhad: Right heart enlargement, two pulmonary veins draining anomalously into the IVC and subsequently into the RA (PAPVR), a small patent ductus arteriosus (PDA), and mild PH. The presence of both pulmonary and cardiac abnormalities led us to perform a CT angiography for the next steps (Figure 2). The patient was scanned, and partial anomalous pulmonary venous connection (PAPVC) and right heart enlargement were confirmed. In addition, there was a coil-shaped density within a branch from the abdominal aorta that coursed in the direction of the right hemithorax, suggestive of pulmonary sequestration and horseshoe lung. An ectatic bronchiolar structure with the sequestration was also observed, which may be responsible for the recurrent hemoptysis attacks (Figure 2).
These findings were confirmed by perfusion/ventilation nuclear scan, a misperfused defect of the abnormal pulmonary segment that confirmed the diagnosis of sequestration.
Because both intralobar pulmonary sequestration and PAPVC coexisted, the patient was diagnosed with Scimitar syndrome. The patient was first treated with angioembolization of the arterial supply associated with sequestration (Figure 3). Three weeks later, the patient developed recurrent hemoptysis. Thus, a segmentectomy of the sequestered segment was done by surgery. The patient was then evaluated and prepared for open-heart repair of the defect of PAPVC.
Discussion
Horseshoe lung (HL) is a rare congenital pulmonary malformation featuring the existence of a parenchymal isthmus between the basal segments of the two lungs. The bridging lung tissue typically traverses the midline posterior to the heart and anterior to the aorta, esophagus, and vertebral column (2, 9). First described by Spencer in 1962, HL remains an uncommon diagnosis, typically established in infancy or early childhood and most frequently associated with other congenital anomalies, most commonly scimitar syndrome(10).
Scimitar syndrome is a type of partial anomalous pulmonary venous return (PAPVR), with anomalous drainage of the pulmonary veins—most commonly from the right lung—into the inferior vena cava or, less commonly, the right atrium, instead of the left atrium(5). It is typically associated with hypoplasia of the right lung, dextroposition of the heart, and sometimes systemic arterial blood supply to the affected lung(1). The curved shape of the anomalous vein on chest radiographs bears a resemblance to the Turkish scimitar sword, hence the name(11).
HL and scimitar syndrome have a well-documented association in the literature, and it is of immense clinical importance. It is reported that a high 80–85% of patients with scimitar syndrome may also have horseshoe lung. However, this association remains relatively unusual in the overall context of congenital cardiopulmonary malformations(12). 
The clinical course of HL—particularly in the context of scimitar syndrome—can be extremely variable. Some patients are asymptomatic, and the malformation is described incidentally on imaging examinations performed for other reasons. By contrast, others present with severe respiratory symptoms such as recurrent lower respiratory tract infections, wheezing, dyspnea, or signs of pulmonary hypertension and heart failure, especially in infancy. Clinical severity usually correlates with the severity of the pulmonary hypoplasia and the complexity of the associated vascular anomalies(13).
[bookmark: _GoBack]The modern imaging techniques have significantly improved the detection and characterization of these anomalies. Multidetector computed tomography (MDCT) and magnetic resonance imaging (MRI) allow for high-resolution, three-dimensional visualization of lung parenchyma, bronchial anatomy, and vascular structures and thus have a primary role in diagnosis. The parenchymal isthmus of HL is best visualized on axial and coronal CT slices, while scimitar syndrome is diagnosed based on the anomalous venous drainage pattern, typically confirmed by CT angiography or cardiac MRI. Bronchoscopy may also assist by showing anomalies of the bronchi or hypoplasia (7, 14).
Diagnosis should be precise and also timely since it directly affects clinical management. In asymptomatic or mildly symptomatic patients, management can be conservative with close observation and follow-up. In cases with severe respiratory compromise, pulmonary hypertension, or heart failure, however, surgical or interventional procedures are indicated. These can range from redirection of the anomalous pulmonary veins, resection of sequestered lung segments, or repair of associated cardiac defects (11, 13).
Our case contributes to the limited but growing number of reports describing the rare combination of HL and scimitar syndrome. It highlights the importance of a high index of suspicion, especially in patients with unexplained respiratory symptoms and radiographic abnormalities. The case also demonstrates the advantage of a multidisciplinary team, including pediatric pulmonologists, cardiologists, radiologists, and thoracic surgeons, for the optimal diagnosis, management, and follow-up of such a complex congenital anomaly.
Also, this case highlights the need for a multidisciplinary team, including pediatric pulmonologists, cardiologists, radiologists, and thoracic surgeons, for the optimal diagnosis, management, and follow-up of such complex congenital anomalies.
Conclusion 
In conclusion, the rare association of horseshoe lung and scimitar syndrome presents unique diagnostic and therapeutic challenges. Continued advancement in imaging techniques and ever greater understanding of embryologic development are required to better diagnose and guide individualized treatment planning. Early diagnosis and individualized patient-specific approach are crucial to optimize outcomes in such patients.
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