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			Abstract

			Pulmonary sequestration (PS) is a rare congenital lung malformation presented as non-functioning lung mass, abnormally supplied by an aberrant systemic artery. The diagnosis of PS requires a high index of clinical suspicion. Patients may be asymptomatic or have wide range of clinical manifestations including recurrent pneumonia, hemoptysis, chest pain and respiratory distress. The gold standard diagnostic tool of PS is CT angiography (CTA). The treatment includes open surgical resection, video-assisted thoracoscopic surgery (VATS), and endovascular embolization. This mini-review highlights the literature for the contemporary methods of diagnosis and treatment of PS. 
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			Introduction

			Pulmonary sequestration (PS) accounts for 0.15-6.4% of pulmonary malformations, and it is a considered as one of the surgically correctable causes of respiratory distress in neonates [1]. It represents non-functioning parenchyma mass covered by visceral pleura and supplied by anomalous systemic arteries [2]. As a developmental malformation, PS results from formation of an abnormal accessory lung bud inferior to the normal lung buds [3]. There are two main subtypes of PS: intralobar sequestration (ILS) and extralobar sequestration (ELS), in accordance to presence of pleural covering [4]. The cases of ILS account for more than 75% of all PS [3]. Extralobar PS is frequently located between the left lower lobe and diaphragm, and for rare instances it may locate intraadiaphragamtic, infradiaphragmatic, intraabdominal, intrapericardial, mediastinal or in the upper thoracic region. In contrast to ILS, more than 50% of ELS cases have other pulmonary anomalies such as bronchogenic cysts, lung hypoplasia, congenital cystic adenomatoid malformation, and congenital diaphragmatic hernia [5,6]. 

			Diagnosis of PS

			Antenatal, ultrasound is a useful tool for diagnosis of PS starting at 18 weeks of gestational age. It has been recommended as the first diagnostic modality to evaluate a suspected supraphrenic pulmonary mass, because it is simple, non-invasive, non-radioactive and can be done as a bed-side procedure [6,7]. The substantial or complete regression of the lesion on sequential scanning has been reported through pregnancy. The postnatal persistence of the lesion requires further imaging procedures to delineate the aberrant blood supply [6]. However, antenatal PS may disappear on ultrasound but still present by 

postnatal CT, as it becomes isoechogenic with adjacent normal lung parenchyma [7]. After birth, the diagnosis of PS requires a high index of suspicion. There is a frequent misdiagnosis of PS by pulmonary cyst and lung cancer. The reported mean of incorrect preoperative diagnosis rate is 58.63% [8]. In misdiagnosed cases, the interval between initial symptoms and diagnosis may exceed 5 years. Despite the current advent and use of more accurate imaging modalities, recent studies reported only 37.5% of cases diagnosed before surgery [9].

			Most of cases with PS are diagnosed before the age of 20 years. Pediatric patients acquired symptoms more frequently than the adult patients. Patients with ILS often present with productive cough, fever, hemoptysis and chest pain as a result of pulmonary infections, however, ELS is accidentally discovered in asymptomatic patients [8,10]. Pulmonary infection is a common complication of PS, however, symptoms of infection are misinterpreted as common infection as it can be a presenting complaint for lung tumors, chronic obstructive pulmonary disease, or tuberculosis [11]. The cultured microorganisms of concurrent infection with PS include: Pseudomonas aeruginosa, nocardia and aspergillosis [9].

			Patients with PS may present with manifestations related to its mass effect. Recently, a case of multiloculated-multiseptated pneumomediastinum with ELS has been reported, that is explained by “Macklin effect” which is the centripetal dissection of released air from ruptured alveoli defining the passage of air through perivascular spaces [12]. The routine evaluation of pulmonary function in patients of PS is not required, however, the contemporary available evaluation of FEV1 in adults revealed the possibility of mild to moderate obstructive ventilation dysfunction due to smoking, PS itself and/or concurrent infection [9]. 
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			On imaging studies for PS, there may be no specific findings on chest X-ray examination, however, there may be a pulmonary abnormality which is usually solid opacity and occasionally it may be air filled with or without air fluid level due to fistula formation to adjacent bronchi or air drift through the channels of Lambert [13,14]. Nowadays, the useful diagnostic methods of PS are CT angiography (CTA), magnetic resonance angiography (MRA), and digital subtraction angiography (DSA) which allow identification of the aberrant arterial supply (Figures 1 & 2) [8]. 

			The standard computed tomography (CT) scan may show indirect signs of abnormal arteries in cases with PS, which may indicate further use of contrast-enhanced CT scan or enhanced MRI if the affected pulmonary area and thoracic aorta are connected by rat-tailed tissue. The use of CTA has the advantage of an optimal detection of the parenchymal abnormality as well as the arterial and venous anatomy with shorter scan times than those of MRI decreasing the need for prolonged sedation in children; however, MRI has an advantage of the absence of radiation risks [15].

			 Coronary angiography may be a part of diagnostic workup for PS, in adult patients present with chest pain or worsening dyspnea. Cases of PS with abnormal supply from the right or the circumflex coronary artery have been described, including cases of unilateral PS fed by both arteries or bilateral PS supplied by abnormal vessels originating separately from each artery [15,16]. Coronary angiography in such cases is important to avoid intra-operative ligation of the feeding vessels from coronary artery and to prevent subsequent fatal outcome.

			Treatment of PS

			A controversy remains about the choice between observation and surgical management of asymptomatic PS, however, the most frequent decision is for surgical resection to avoid the unfavorable outcomes of subsequent infection and hemorrhage [17]. In symptomatic patients, surgery is indicated for recurrent pulmonary infection or when cancer is not excluded. Mass resection is sufficient for ELS, while lobectomy is required for ILS, with an attention to suture all abnormal arterial blood supply [8]. In cases of severe infected ILS, segmentectomy or ligation of the aberrant artery is not sufficient with a favor for lobectomy to avoid contamination [18]. However, some authors reported the feasibility of sublobar resections (wedge resection or anatomical segmentectomy), particularly for limited basal segment locations, which depend on delimitation of PS and surgeon experience [19].

			Timing of surgery for PS remains controversial. However, early surgery is argued before the age of 5 years to avoid compression of PS mass on the new formed or growing alveoli. Presence of symptoms, rapid growth of PS and difficult to distinguish PS from CCAM are acceptable indications of early surgical resection [20]. The surgical resection can be performed through open postero-lateral thoracotomy or via video-assisted thoracic surgery (VATS). Currently, VATS has been proved as a safe and effective procedure for the surgical resection of PS, with advantages of smaller incision, quicker recovery, and better cosmetic outcomes over the open procedure [8]. 

			The presence of pleural adhesions has not been an absolute contraindication of VATS. It can be separated under direct visualization with identification and ligation of the abnormal arterial supply, which provide clear surgical field [21]. Moreover, the emerging uniportal VATS approach has been used for resection of ELS and complete lobectomy in cases with ILS, even with multiple feeding arteries and extensive post-inflammatory adhesions [22]. Reducing the rate of postoperative complications after VATS resection of PS can be achieved by: preoperative full anti-inflammatory therapy for cases with acute or sub acute inflammation, careful dissection and isolation of the abnormal systemic feeding artery to avoid its rupture and bleeding, securing the aberrant arteries by ligation, clipping or both before applying of the endo-stapler, preoperative prediction of the number and position of the aberrant arteries by enhanced CT scan and 3-D reconstruction with extension of the view under the diaphragm to detect arteries arising from the abdominal aorta, avoiding the injury of esophagus if it is interlinked with ELS, and conversion of VATS to the open procedure if there are severe adhesions or vascular injuries [21,22].

			Robot-assisted thoracoscopic resections have been reported to provide encouraging outcomes in management of certain intra-thoracic pathologies, which can be applied for cases with PS with no complications or mortality [23-26]. The contemporary reported favorable outcome with robot-assisted thoracoscopic resections of ILS is attributed to its better manageability and view, which is ideal in limited spaces. It has a useful role in PS cases of difficult dissection and aberrant artery control, allowing safe sublobar resection and reducing the risk of vascular injury [26]. 
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			The basis of endovascular embolization for PS is related to infarction of the sequestrated mass subsequent to progressive fibrosis of the dysplastic lung tissue and feeding vessel after occlusion of the arterial blood supply (Figure 3). Embolization has been reported as a non-invasive definitive treatment of ILS with reduced the risk of intra-operative bleeding, in children and young adult patients [27]. With an evidence of ILS and arteriovenous shunting and heart failure, embolization has been reported as a successful alternative to surgery, while surgical resection is a preferred strategy for cases with recurrent chest infection [27,28]. 

			Combination of embolization with surgery has been reported to prevent intra-operative bleeding as preoperative embolization obliterates the aberrant artery which may be friable due to chronic inflammation leading to massive bleeding if the surgery stands alone [29]. However, there is a need for more experience and long-term follow up to suggest the ability of embolization as a stand-alone treatment and as an alternative to surgery [30]. The currently used materials for embolization in PS include: coils, vascular plugs, N-butyl cyanoacrylate, gelfoam, Amplatzer occlusion device, polyvinyl alcohol and Onyx [27,31]. 

			Despite its encouraging results, endovascular embolization had potential complications include: fever, pain, transient hypertension, access site thrombosis, transient limb ischemia, distant migration, non-target embolization, incomplete mass regression, and pediatric risk of radiation exposure. There may be a need to repeat the procedure for incomplete embolization associated with recurrence of symptoms. The feeding artery may be occluded after embolization but the formation of collateral blood supply may lead to incomplete embolization [27,31].

			Conclusion

			To reduce the rate of misdiagnosis and to improve the outcome after treatment, there should be a clear strategy of diagnosis and treatment of PS. In the contemporary practice, surgical resection of PS is preferred regardless of the presence of symptoms. A controversy remains regarding the long-term outcomes after surgery and endovascular embolization.
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Figure 3: A view of angiography shows complete occlusion
of the feeding artery (star) arises from descending aorta, after
intra-arterial embolization by a coil,
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Figure 2: A view of Magnetic resonance angiographic (MRA)
shows an aberrant artery arises from descending aorta and
extends toward the left lower lobe (arrow)
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