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            Abstract

            
               
Pulmonary agenesis is an extremely rare congenital malformation with an estimated frequency of 1 in 10000-15000 autopsies
                  and 34 per million live births. In 50% cases it is associated with other malformations i.e. cardiovascular, musculoskeletal,
                  gastrointestinal and renal. We report a rare case of a male neonate with right pulmonary agenesis associated with VACTERL
                  sequence (L5 hemi-vertebra, right absent kidney with left ectopic kidney and right radial agenesis). This association was
                  never reported in published literature.
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               Case Report

            A 35-w small for gestational age (SGA) male neonate was born to 25-y-old mother by non-consanguineous marriage with uneventful
               antenatal period. Baby was referred for respiratory distress soon after birth and had right upper limb deformity (Figure  1A). Baby had absent breath sound over right hemi-thorax and respiratory distress, managed with continuous positive airway
               pressure (CPAP) ventilation. On cardiac examination heart sounds were shifted to right with no evidence of murmur and pulses
               were palpable in all 4 limbs. Chest radiography showed opaque right hemi-thorax with ipsilateral mediastinal shift; initially
               managed as pneumonia. Sepsis screen and pulse oximetry screening was negative. In view of congenital malformations, infantogram
               done showed hypoplastic ulna, absent radius and thumb; L5 hemi-vertebra and non-resolving opacity on right hemithorax (Figure  1B). Ultrasound abdomen showed left ectopic kidney in left iliac region with absent right kidney and ultrasound chest showed
               absent lung tissue on right hemi-thorax. These were confirmed on computed tomography (Figure  1C). Echocardiography showed structurally normal heart with right shifting of heart. Ophthalmological and hearing screening
               was normal. Neonate was discharged on 8-d of life in stable condition with advice of regular multi-disciplinary follow up.
            

            
                  
                  Figure 1

                  (A) Picture of 35weeks male neonate showing hypoplastic right forearm; (B) Radiogram showing opaque right hemi-thorax with
                     herniation of left lung, hypoplastic right ulna with absent radius and thumb bone, L5 hemi-vertebra (green circle); (C) Cut
                     section of CT chest confirming findings of chest radiogram suggestive of pulmonary agenesis.
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               Discussion

            Pulmonary agenesis (PA) is extremely rare congenital malformation of lung development with sporadic occurrence; though parental
               consanguinity was also reported.1 First case of PA was described by De Pozze in 1673 on autopsy in adult female.2 This results from development arrest or development imbalance between lung buds in early embryological life. Boyden3 classified PA into 3 categories on the basis of development of lung bud, (i) agenesis, in which there is complete absence
               of lung tissue, bronchus and blood supply to affected side (ii) aplasia, in which rudimentary bronchus is present but no lung
               tissue is present, and (iii) hypoplasia, in which variable amount of lung parenchyma, bronchial tree, and vasculature are
               present and under-developed.
            

            PA affects left lung and male predominantly. Cases of isolated PA are recognized incidentally during routine examination or
               due to recurrent respiratory infections or pneumothorax.4, 5, 6 Children with associated malformation are usually recognized early. 
            

            Presently, Contrast CT is standard investigation to diagnose and differentiate from other forms of mal-development; bronchoscopy
               and pulmonary angiography are rarely needed. Typical CT findings are opaque hemi-thorax with mediastinal shift towards affected
               side with absence of lung parenchyma, pulmonary artery and bronchial tree, as seen in our case.4 This may mimic pleural effusion, consolidation, collapse or diaphragmatic hernia. In absence of strong clinical suspicion;
               diagnosis of PA may be missed leads to mismanagement and even mortality. Reports are available as these patients were tried
               for pleural aspiration or treated as recurrent pneumonia.4

            PA is associated with other malformation in 50% cases and seen more with right sided agenesis. Among cardiovascular malformations,
               patent ductus arteriosus, septal defects and tetralogy of fallot; in musculoskeletal abnormalities hemi-vertebrae, absence
               of ribs or radius, in digestive tract, tracheoesophageal fistula and imperforate anus; in renal anomalies absent or polycystic
               kidney are commonly seen.2, 4, 6

            PA with VACTERL sequence (L5 hemi-vertebra, right absent kidney with left ectopic kidney and right radial agenesis), as seen
               in our case, was never reported in published literature. VACTERL association is defined by presence of at least three of the
               following: vertebral defects, anal atresia, cardiac defects, tracheo-esophageal fistula, renal anomalies and limb abnormalities.7 
            

            The exact etiology of PA remains unknown, but it may be the result of one or multiple factors i.e. genetic, intrauterine infections,
               teratogenic insults, vitamin A deficiency and mechanical insult. In our case, right PA, right renal agenesis with left ectopic
               kidney, L5 hemi-vertebra and right radial agenesis might be a result of unilateral mesodermal defect caused by an unknown
               agent.
            

            Management of PA is essentially symptomatic. Asymptomatic cases don’t require intervention, however early and aggressive treatment
               of lung infection is required. Pulmonary hypertension is an early complication that requires attention. Significant mediastinal
               shift may require inflatable prosthesis placement or diaphragmatic translocation and/or aortopexy.4, 8 Hemi-vertebra is the most common etiology of congenital scoliosis, it usually requires surgical correction if located from
               thoraco-lumbar to lumbo-sacral junction. So, multi-disciplinary follow up is required.9 Palivizumab prophylaxis for respiratory syncytial virus and vaccination for influenza and pneumococcal infections are recommended.5

            Bilateral agenesis is incompatible with life; however it is entirely compatible in unilateral agenesis, if present on left
               side and not associated with other malformations. Cardiac malformations affects prognosis to a greater extent and right-sided
               agenesis has a poor prognosis due to carinal mal-rotation, distortion of bronchi and vascular structures, and deviation of
               heart and mediastinum.6 More than 50% PA patients die before first 5-y of age.
            

         

         
               Conclusion

            PA is extremely rare congenital malformation and never reported before as seen in our case. Strong suspicion and recognition
               of PA is required to prevent mismanagement and mortality.
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