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Preface


There are several excellent recent texts published in the field of pulmonary pathology, so why another? First, this book covers the whole thorax (lung, pleura and pericardium, heart, thymus, and mediastinum), as well as vascular diseases, including vasculitis. Second, its format of bulleted text and extensive illustrations is designed to make it an easy reference for a trainee or practicing pathologist looking up the common and not-so-common diseases when faced with a diagnostic question.


Within each organ, the contents are organized by disease categories such as congenital, inflammatory, infectious, and neoplastic. The text gives the salient facts in pathogenesis, epidemiology, and clinical features. Diagnostic elements of gross and microscopic pathology are emphasized. These are illustrated by gross pictures and low-, intermediate-, and high-power photomicrographs. Special stains and immunohistochemical stains are given extensively so that users can compare with their own results easily. Because electronic references are so easily accessible, only a few specific references are given.
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I


Lung









A


Normal Lung










Development of Lung






Stages of lung development






Embryonic (4-8 weeks)







• The lower respiratory system starts from a bud arising from the laryngotracheal groove; this branches into primary and secondary bronchopulmonary buds by the end of 5 weeks


• Repetitive branching continues and a primordial bronchial tree with five lobes is formed by the end of 8 weeks












Pseudoglandular phase (5-17 weeks)







• The primordial system of passage (air-conducting bronchial tree) with the terminal bronchioles is formed and is initially lined with cuboidal epithelium


• These precursor cells later differentiate into ciliated epithelium and secretory cells in respiratory ducts and also develop into type II pneumocytes in terminal bronchioles


• At this stage, the lung is composed of tubular glandular structures surrounded by undifferentiated mesenchyme












Canalicular phase (13-25 weeks)







• The lumen of tubules becomes wider and some of the lining type II pneumocytes differentiate into flattened type I pneumocytes


• Capillaries invade into the mesenchyme and surround the acini, therefore forming the foundation of the blood–air barrier


• Only by the end of this phase is the fetus able to survive outside the uterus












Terminal sac phase (24 weeks–term)







• Lung epithelium starts to produce amniotic fluid and lung maturation can be measured by surfactant, which is produced by type II pneumocytes


• Airspaces are expanded to form thin, smooth-walled saccules (primitive alveoli) at the end of each respiratory tract passage


• The primary septa between saccules are thick and contain two layers of capillaries from the neighboring saccules


• By the end of this phase (at birth), one third of alveoli are developed












Alveolar phase (36 weeks’ gestation–8-10 years)







• Sacculi are subdivided into smaller subunits (alveoli) by secondary septa, which contain elastic fibers between two capillary networks


• This alveolarization reaches its maximum level in the first 6 months of birth and is significant up to 18 months


• Some alveoli continue to be developed up to 8-10 years of age
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Fig 1 Development of lung. Pseudoglandular phase of fetal lung: low (A) and high (B) powers. Note undifferentiated mesenchyme and primitive tubular glands lined by nonciliated, glycogen-rich columnar cells with clear cytoplasm.
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Fig 2 Development of lung. Canalicular phase of fetal lung: low (A), medium (B), and high (C) powers. Note the capillary network within the mesenchyme; some of the lining epithelium cells are flattened.
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Fig 3 Development of lung. Terminal sac phase of lung development seen in this near term infant.
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Fig 4 Development of lung. Alveolar phase of lung development in a 2½-year-old.


















Normal Lung






Anatomy and histology






Airways







• The trachea with C-shaped rings of cartilage anteriorly and smooth muscle posteriorly bifurcates at the carina into the right and left mainstem bronchi, which are surrounded by discontinuous plates of cartilage


• At the level of the hilum, the right mainstem bronchus bifurcates into the superior lobar bronchus and the intermediate bronchus, which more distally bifurcates into the middle lobar bronchus and the inferior lobar bronchus


• The left mainstem bronchus bifurcates just distal to the hilum into the superior and inferior lobar bronchi


• Further branching of lobar bronchi occurs into segmental bronchi, large intrasegmental bronchi, small intrasegmental bronchi, and then bronchioles


• Cartilage plates become more sparse, typically present only at branch points more distally, until the level of the bronchioles, which are defined by the lack of cartilage


• The terminal bronchioles branch into the respiratory bronchioles, which end in the alveolar sacs and individual alveoli; this total unit is called a lobule, and the unit excluding the terminal bronchiole is called an acinus


• On cross section, the “bronchial mucosa” consists of the epithelium and basement membrane; the “submucosa” contains elastin-rich connective tissue beneath the basement membrane, smooth muscle, glands, cartilage, nerves, ganglia, and branches of the bronchial arteries


• On cross section of a bronchiole, the layers are similar as described for bronchi; however, there are no cartilage islands or bronchial glands in the bronchiole


• Individual alveoli communicate with the alveolar duct through Pores of Kohn












Interstitium







• Smooth muscle surrounds the airways to the level of the alveolar ducts, while elastic fibers surround all components, including individual alveoli


• Serous and mucinous glands are present between the smooth muscle and the cartilage


• The airway and alveolar interstitium also contains varying numbers of fibroblasts, myofibroblasts, mast cells, tissue macrophages, and nerves of the autonomic nervous system












Cells







• Bronchial epithelium contains ciliated columnar cells (respiratory epithelial cells), as well as goblet cells, basal cells, and neuroendocrine (Kulchitsky) cells


• Bronchiolar epithelium contains ciliated columnar cells and Clara cells


• Alveoli are lined by type I and type II pneumocytes and may contain alveolar macrophages in the airspace












Pleura







• The lung parenchyma is surrounded by the visceral pleura, which consists of a single layer of mesothelial cells overlying a thin layer of collagenous tissue


• Lymphatics and blood vessels are present in the pleura


• The pleura contains a discontinuous thin layer of elastic fibers, which run parallel to the surface and are important for determining pleural invasion by tumor












Vascular supply







• Bronchial arteries branch off the thoracic aorta to supply the bronchi through the terminal bronchioles, as well as the mediastinal pleura


• Bronchial veins drain into the azygos vein on the right and the accessory hemiazygos vein on the left


• The pulmonary artery branch carrying deoxygenated blood from the right side of the heart travels along the bronchus and, beginning at the level of the respiratory bronchiole, forms the capillary plexuses of alveoli


• Newly oxygenated blood is then carried by branches of the pulmonary vein traveling along interlobular septa to the left side of the heart for systemic distribution












Pulmonary lymphoid tissue and lymphatics







• Lymphatic vessels are found in the pleura, interlobular septa, and along bronchi


• Lymphatic drainage from the lungs follows the bronchi to intraparenchymal lymph nodes (levels 14 and 13) then lobar (level 12) and interlobar (level 11) lymph nodes, and hilar (level 10) lymph nodes


• From the hilum, lymphatics drain to the carinal (level 7), lower paratracheal (level 4), upper paratracheal (level 2), and finally supraclavicular (level 1) nodes


• Lymphatic fluid may also drain to aortic nodes (levels 5 and 6), inferior mediastinal nodes at the esophagus (level 8) or the pulmonary ligament (level 9), or prevascular and retrotracheal nodes in the superior mediastinum (level 3)












Incidental tissues







• Occasionally intraparenchymal lymph nodes (levels 14 and 13) may be seen as a “mass” detected on radiological imaging


• Hilar lymph nodes may harbor benign bronchial glands


• Metaplastic bone spicules can be associated with fibrosis or can be in otherwise normal parenchyma


• Megakaryocytes are often seen circulating through alveolar capillaries
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Fig 1 Normal lung. This cross section of a normal airway shows bronchial epithelium, basement membrane, a thin layer of elastin-rich connective tissue beneath the basement membrane, smooth muscle, seromucinous glands, and cartilage.
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Fig 2 Normal lung. A ganglion (A) or a single ganglion cell (B) can be found in the lung interstitium.
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Fig 3 Normal lung. The airway epithelium consists of a single layer of basal cells, ciliated columnar epithelial cells, interspersed mucin-containing goblet cells, and scattered neuroendocrine Kulchitsky cells with clear cytoplasm (right).
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Fig 4 Normal lung. Normal alveoli (left) are thin and lined by a single layer of mostly type I pneumocytes. A few alveolar macrophages are normally found in the alveolar spaces. At right is a normal bronchiole.
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Fig 5 Normal lung. A normal bronchiole has an adjacent arteriole of similar size. Discrete smooth muscle bundles are present in the airway submucosa, while the smooth muscle surrounding the arteriole is in a continuous band. Paler rounded nerves as well as a branch of bronchial artery are seen in the airway submucosa.
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Fig 6 Normal lung. The visceral pleura of the lung consists of a single layer of mesothelial cells overlying collagenous tissue containing elastic fibers, lymphatics, and blood vessels. The interlobular septae (lower right) are contiguous with the pleura and also contain lymphatics and blood vessels.
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Fig 7 Normal lung. An intraparenchymal lymph node, as seen here, may be interpreted as a mass on imaging or at surgery.
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Fig 8 Normal lung. Pulmonary lymph node with benign bronchial glands at low (A) and high (B) power. These should not be mistaken for metastatic adenocarcinoma. Also note the dense anthracosis, which is common in pulmonary lymph nodes, especially at the hilum.
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Fig 9 Normal lung. Metaplastic bone is another common incidental finding in lung biopsies. These findings are often in areas of fibrosis or lung injury but may also be seen in otherwise normal lung tissue.
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Fig 10 Normal lung. Circulating megakaryocytes are often seen in alveolar capillaries and should not be mistaken for tumor cells or viral inclusions.

















B


Incidental Findings










Meningothelioid (Meningothelial-Like/Meningothelial) Nodule






Definition







• Incidental small nodule(s) found in autopsy or surgical resection lung specimens for unrelated causes









Pathogenesis







• Unknown, may be caused by hypoxia


• May be the precursor lesion for the very rare primary meningioma of the lung















Clinical features






Epidemiology







• Found mostly in adults


• Female to male ratio is 2:1


• Associated with thromboembolic diseases, chronic obstructive lung diseases, interstitial lung diseases, and congestive heart failure


• One study shows higher incidence in lungs with malignant tumors, especially adenocarcinoma












Presentation







• Asymptomatic; incidental finding












Prognosis and treatment







• No clinical significance; no need for treatment















Pathology






Histology







• Usually single, sometimes multiple; found in all lobes


• Small clusters of epithelioid cells with round to oval nuclei and abundant eosinophilic cytoplasm; cells are bland in appearance without atypia


• Located in interstitium of lung, often associated with small blood vessels












Immunopathology/special stains







• Share same immunohistochemical and ultrastructural features with meningiomas


• Positive for EMA, PR, vimentin, and CD56


• Negative for cytokeratin, actin, S100, CD34, chromogranin, and synaptophysin












Main differential diagnosis







• Carcinoid tumorlet: small nodule of spindle cells near bronchioles; cells are darker with amphophilic granular cytoplasm and neuroendocrine nuclear features; positive for cytokeratin and all neuroendocrine markers
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Fig 1 Meningothelioid nodule. Lower power views of meningothelioid nodules with oval to spindle-shaped cells forming nests or balls within alveolar septa (A-C).
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Fig 2 Meningothelioid nodule. Medium-power views of meningothelioid nodules showing whirling appearance of the cell arrangement similar to that of meningioma (A and B).
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Fig 3 Meningothelioid nodule. High-power view of meningothelioid nodule showing the cells with bland nuclear features and abundant cytoplasm (A and B). Note occasional intranuclear inclusions in A.
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Fig 4 Meningothelioid nodule. Core needle biopsy: low power (A), medium power (B), positive EMA (C), negative CAM5.2 (D), negative TTF-1 (E), and negative chromogranin immunostains (F). Note positive staining of normal lung tissue with EMA, CAM5.2 and TTF-1.


















Osseous Metaplasia






Definition







• Calcification and ossification (mature bone formation) of lung parenchyma









Pathogenesis







• Considered to be a reactive process, often occurring within a scar















Clinical features






Epidemiology







• Incidental finding; prevalence unknown


• Usually related to chronic lung diseases like interstitial pneumonia, fibrosis, and bronchiectasis












Presentation







• Symptoms of underlying lung disease


• Asymptomatic if not related to chronic lung diseases












Prognosis and treatment







• Treat underlying lung disease


• Prognosis depends on the underlying lung disease


• No clinical significance by itself















Pathology






Histology







• Calcification and mature bone formation of normal or abnormal lung parenchyma


• More common in fibrous lung tissue, such as that in interstitial pneumonia, lung scarring, or pleural plaques


• Sometimes in normal lung parenchyma and cartilage


• Rarely present in malignant lung tissue












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Hamartoma: composed of cartilage, fat, and immature spindle cells


• Bone marrow emboli: present within blood vessels, usually after resuscitation
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Fig 1 Osseous metaplasia. Osseous metaplasia of relatively normal lung parenchyma (A) and bronchial cartilage (B).
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Fig 2 Osseous metaplasia. Ossification of scarred lung tissue.
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Fig 3 Osseous metaplasia. Calcification and ossification of pleural plaque.
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Fig 4 Osseous metaplasia. Ossification of the fibrous area of lung with usual interstitial pneumonia (UIP): low power (A) and medium power (B). Note the UIP changes of background lung with extensive bronchiolar metaplasia (upper left), honeycombing (lower left) and secondary arterial hypertensive changes.


















Corpora Amylacea






Definition







• Laminated spherical eosinophilic bodies found in lung sections or cytology specimens









Pathogenesis







• Unknown; may be related to dusting powder or products of macrophages















Clinical features






Epidemiology







• Incidental finding, prevalence unknown












Presentation







• No specific symptoms; incidental histological finding in lungs resected for other reason












Prognosis and treatment







• No clinical significance















Pathology






Histology







• Round, concentrically laminated eosinophilic acellular structures, 30 to 200 μm in size


• Usually found in airspaces, rarely within alveolar wall


• Usually free floating, sometimes surrounded by a ring of histiocytes


• Can be found in normal lung or in pathological lung sections


• Can also be seen in cytology specimens or in sputum












Immunopathology/special stains







• PAS positive; usually negative for calcium salts












Main differential diagnoses







• Actinomyces sulfur granules: usually dark purple with a filamentous edge associated with an inflammatory reaction
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Fig 1 Corpora amylacea. A and B, Low-power views of corpora amylacea: sporadic spherical to ellipsoidal eosinophilic bodies are present within alveolar spaces.
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Fig 2 Corpora amylacea. A and B, High-power views of corpora amylacea: they are concentric and laminated; some have a central purple core.

















C


Developmental and Pediatric diseases










Pulmonary Hypoplasia






Definition







• Small, underdeveloped lungs with less than normal weight and fewer than normal alveoli expected for gestational age as determined by lung weight to body weight ratio or radial alveolar count












Clinical features






Epidemiology







• True incidence is unknown but has been noted in less than 10% of neonatal autopsies


• Associated with other fetal anomalies



• Oligohydramnios secondary to renal agenesis or prolonged fetal membrane rupture



• Decreased intrathoracic space secondary to renal cystic disease or diaphragmatic hernia



• Reduced breathing secondary to anencephaly or musculoskeletal disorders












Presentation







• Usually detected on fetal ultrasound


• Severe difficulty in breathing after birth












Prognosis and treatment







• High mortality rate of 70% to 95%


• Lung weight less than 40% of normal is associated with immediate death


• In surviving patients, treatment is supportive















Pathology






Gross







• Small, underdeveloped lungs for gestational age with reduced lung weight to body weight ratio (normal ratio is 0.22)












Histology







• Histologically underdeveloped lungs for gestational age



• Acini are fewer for gestational age, but alveolar and capillary development is unaffected



• There is often an increased amount of connective tissue/mesenchyme giving an immature appearance


• Reduced radial alveolar count



• Draw a line from a terminal bronchiole to the closest septal division or pleural surface. Count the number of intersected alveoli. The mean alveolar count for term infants is 4.4 ± 0.9.












Immunopathology/special stains







• Not contributory












Main differential diagnosis







• Atelectasis: small lungs but weight is normal
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Fig 1 Pulmonary hypoplasia. X-ray film of a fetus with pulmonary hypoplasia secondary to diaphragmatic hernia.
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Fig 2 Pulmonary hypoplasia. Gross image of a fetus with pulmonary hypoplasia secondary to diaphragmatic hernia.
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Fig 3 Pulmonary hypoplasia. Lungs from the case in Fig 2 are both small; the left lung is smaller. Note that the lungs do not reach the apex of the heart—a good indication of pulmonary hypoplasia.
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Fig 4 Pulmonary hypoplasia. Cut surface of hypoplastic lungs.
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Fig 5 Pulmonary hypoplasia. Low (A) and high (B and C) powers show small lobules with fewer acini than would be expected in this term baby with renal agenesis.


















Congenital Pulmonary Airway Malformation (CPAM)






Definition







• Developmental anomaly of the lower respiratory tract


• Previously known as congenital cystic adenomatoid malformation (CCAM)









Pathogenesis







• Abnormalities of lung branching morphogenesis thought to occur at different stages and levels of lung development and classified accordingly into five types















Clinical features






Epidemiology







• Most common congenital lung lesion, 1 per 5000 to 35,000 live births


• Most occur sporadically (see Table 1 in the Appendix)












Presentation







• Affected patients may present with respiratory distress in the newborn period or may remain asymptomatic until later in life (see Table 1 in the Appendix)


• Many cases are now detected by routine prenatal ultrasound examination












Prognosis and treatment







• Spontaneous regression can occur but is infrequent


• Immediate surgical resection is indicated in symptomatic patients


• Surgery can be delayed for a few years in asymptomatic patients; there are rare case reports of bronchioloalveolar carcinoma arising in CPAM in the second and third decades















Pathology







• See Table 1 in the Appendix (gross and microscopic)









Immunopathology/special stains







• Alveolar type II cells lining CPAM4 can be highlighted by immunohistochemical analysis for TTF-1, cytokeratins, or surfactant












Main differential diagnoses







• Resolution of an abscess/necrotic process: can resolve forming cysts with lining similar to CPAM. Chronic inflammation and fibrosis are present. These cannot be definitively distinguished from CPAM with superimposed chronic inflammation unless clinical history is clear


• Cystic pleuropulmonary blastoma: cambium layer beneath the epithelial lining of the cysts contains desmin and myogenin-positive malignant cells (rhabdomyoblasts)


• Bronchogenic cyst: seen in older children, not connected to tracheobronchial tree, filled with acellular material (not air), and does not have surrounding smaller cysts


• Persistent interstitial pulmonary emphysema: cystic spaces have foreign body giant cells and no epithelial lining
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Fig 1 Congenital pulmonary airway malformation. This computed tomography scan shows a 3-cm central cyst with surrounding smaller cysts in an infant with CPAM type 1.
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Fig 2 Congenital pulmonary airway malformation. The main cyst and adjacent smaller cysts have a thick fibrous wall in CPAM type 1.
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Fig 3 Congenital pulmonary airway malformation. Multiple clusters of mucogenic cells are present in this CPAM type 1.
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Fig 4 Congenital pulmonary airway malformation. This cut surface of the lung shows type 2 CPAM with multiple small cysts and solid areas blending with normal lung.
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Fig 5 Congenital pulmonary airway malformation. Type 2 CPAM has numerous bronchiole-like spaces extending into peripheral lung tissue.
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Fig 6 Congenital pulmonary airway malformation. This type 2 CPAM has striated muscle cells in the wall.
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Fig 7 Cut surface of lung resection with CPAM type 3 shows no grossly visible cysts.
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Fig 8 Congenital pulmonary airway malformation. This type 3 CPAM resembles the canalicular stage of lung development.
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Fig 9 Congenital pulmonary airway malformation. High power of Fig 8 shows that the spaces are lined by low cuboidal cells.







[image: image]

Fig 10 Congenital pulmonary airway malformation. Type 4 CPAM: A, gross image showing large cysts; B, low power showing thin-walled cysts; and C, high power showing cyst walls lined by pneumocytes and containing histiocytic cells with clear cytoplasm, reminiscent of pulmonary interstitial glycogenosis.


(Courtesy of Dr. J.T. Stocker, Bethesda, Md.)



















Pulmonary Sequestration






Definition







• Segment of abnormal lung with no connection to the tracheobronchial tree with its own anomalous systemic arterial blood supply, most commonly occurring on the left side


• Part of the spectrum of bronchopulmonary foregut malformation complex


• Two types: intralobar sequestration (ILS), extralobar sequestration (ELS)












Clinical features






Epidemiology







• ILS is seen in older children and adults; might be acquired; male:female (M:F) ratio is 1:1


• ELS is a true congenital malformation and is seen in younger children (<1 year), M:F is 3-4:1












Presentation







• ILS patients commonly have recurrent pulmonary infections, chest pain, and coughs. Roughly 30% of the patients are asymptomatic, and the sequestration is an incidental finding on chest imaging


• ELS usually is seen in association with other congenital anomalies such as congenital diaphragmatic hernia, vertebral anomalies, congenital heart disease, pulmonary hypoplasia, colonic duplication shortly after birth












Prognosis and treatment







• Treatment is supportive. Surgery is the only definitive treatment















Pathology






Gross







• ILS: the lesion is within a lung lobe but is isolated from the tracheobronchial tree and has its own arterial blood supply


• ELS: the lesion is a discrete mass of pulmonary parenchyma, outside the lung with its own pleura and systemic arterial supply












Histology







• Intralobar (ILS)



• Sharply demarcated from the adjacent normal lung parenchyma, with no pleura



• Replacement of lung parenchyma by chronic inflammation with mucus accumulation and microcyst formation



• Remnants of bronchi and bronchioles within a dense fibrotic stroma with numerous lymphocytes



• A vascular pedicle and thickening of the overlying pleura may be present


• Extralobar (ELS)



• Circumscribed mass, covered with visceral pleura, independent of the normal lung



• Irregular, enlarged (2×-5×) bronchi, bronchioles, and alveoli



• Bronchial structures with normal to irregular lumens lined with pseudostratified columnar epithelium may be present



• No significant inflammation or fibrosis



• Dilated subpleural lymphatics may be present



• Areas of congenital pulmonary airway malformation (CPAM) type 2 can be identified in half of the cases












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Other cystic lung lesions devoid of an independent systemic blood supply


• CPAM


• Bronchogenic cyst


• Congenital lobar emphysema


• Primary lung abscess
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Fig 1 Pulmonary sequestration. Intralobar sequestration; gross image of cut surface shows large cystic space filled with mucus.
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Fig 2 Pulmonary sequestration. A 5-month-old with ILS with CPAM type 2 (microcyst formation, lined by bronchiolar epithelium).
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Fig 3 Pulmonary sequestration. ILS in an 11-year-old, associated with chronic inflammation and fibrosis; low (A) and high (B) powers.
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Fig 4 Pulmonary sequestration. ILS in a 34-year-old; elastic stain shows marked secondary pulmonary arterial hypertension with intimal fibrosis.
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Fig 5 Pulmonary sequestration. Gross image of ELS: resected specimen (A) and cut surface (B).
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Fig 6 Pulmonary sequestration. ELS, bronchial structures with normal to irregular lumens lined with pseudostratified columnar epithelium (CPAM type 2).


















Bronchogenic Cyst


See also Mediastinal Bronchogenic Cyst.






Definition







• Cystic lesion arising from anomalous budding of the tracheobronchial anlage of the primitive foregut during development












Clinical features






Epidemiology







• Rare congenital malformation, primarily diagnosed in children












Presentation







• Mostly mediastinal; however, they can be found at any point along the tracheobronchial tree, occasionally found in the lung parenchyma or within the cervical, intrapleural, or suprasternal cutaneous regions, rarely, below the diaphragm or pericardium


• Incidentally detected on chest imaging


• Rarely, patients present with obstruction of tracheobronchial tree, a ruptured cyst, or infection












Prognosis and treatment







• Surgery is curative















Pathology






Gross







• Unilocular cyst containing clear fluid or, rarely, hemorrhagic secretions


• Communication with the tracheobronchial tree is rare












Histology







• Thin-walled cyst lined by ciliated pseudostratified columnar epithelium


• Wall can contain smooth muscle, cartilage, seromucinous bronchial glands, and occasionally linear calcifications


• Squamous metaplasia and/or chronic inflammation may be present


• Bronchogenic cysts lack alveolar tissue


• Cysts do not communicate with the tracheobronchial tree












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Pulmonary sequestration


• Congenital pulmonary airway malformation


• Mediastinal cysts: esophageal cyst, enteric cyst, thymic cyst, cystic teratoma, pericardial cyst


• Abscess


• Cystic bronchiectasis


• Postinfarction cyst


• Interstitial emphysema


• Pleuropulmonary blastoma
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Fig 1 Bronchogenic cyst. Chest imaging showing a bronchogenic cyst in the mediastinum.
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Fig 2 Bronchogenic cyst. Gross image of the same bronchogenic cyst as in Fig 1.
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Fig 3 Bronchogenic cyst. Thin-walled cyst lined by ciliated pseudostratified columnar epithelium with adjacent cartilage and seromucinous bronchial glands.


















Peripheral Lung Cysts






Definition







• Small air-containing cysts at the periphery of lungs in infants and young children












Clinical features






Epidemiology







• Increased incidence in Down syndrome, especially in patients with congenital heart disease


• May be seen after pulmonary infarction, either in utero or in infancy












Presentation







• Incidental finding












Prognosis and treatment







• Same as underlying disorder















Pathology






Gross







• 0.2 to 1 cm subpleural air-filled cysts












Histology







• Cyst walls are lined by alveolar pneumocytes


• Walls have vascular connective tissue


• Postinfarction cysts may contain debris or air












Immunopathology/special stains







• Cytokeratins and TTF-1 are positive in lining cells


• Endothelial markers are negative in lining cells












Main differential diagnoses







• Pulmonary interstitial emphysema: air spaces are along interlobular septa and bronchovascular bundles and lack an epithelial lining


• Congenital pulmonary lymphangiectasis: cystic spaces are subpleural and along septa and are lined by endothelial cells
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Fig 1 Peripheral lung cysts. Small cysts are present close to the pleura.
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Fig 2 Peripheral lung cysts. Cyst lined by flattened to cuboidal alveolar cells.







[image: image]

Fig 3 Peripheral lung cysts. The epithelial lining of the cyst is positive for TTF-1.


















Infantile (Congenital) Lobar Emphysema






Definition







• Lobar hyperinflation or hyperplasia with mass effect presenting in an otherwise normal infant









Pathogenesis







• Partial or complete obstruction of the bronchus supplying the involved lobe


• Intrinsic factors such as congenital bronchial atresia, stenosis, or mucous plugging


• Extrinsic factors such as vascular malformation or neoplasms


• Most are idiopathic















Clinical features






Epidemiology







• Most patients present in the first 6 months of life


• Boys are more frequently affected than girls












Presentation







• Respiratory distress


• Left upper lobe is most commonly involved, followed by the right middle and right upper lobes in congenital cases


• Lower lobe involvement is seen in the rare acquired forms












Prognosis and treatment







• Cure is achieved by surgical excision


• Some patients are managed conservatively by decompressing the affected lobe through the use of selective intubation















Pathology






Histology







• I: Classic pattern (congenital lobar overinflation)



• Uniformly overinflated alveoli



• Has normal number of alveoli, but alveoli can reach 3 to 10 times the normal size


• II: Polyalveolar pattern



• Variable areas of overinflated alveoli



• Increase in the absolute count of acini/alveoli



• Radial count is used to count alveoli by making a line from the last respiratory bronchiole to the pleura or closest interlobular septum



• Normally the count varies between 5 to 12; in infantile lobar emphysema the counts can reach 20 to 30 alveoli












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Congenital pulmonary adenomatoid malformation (congenital cystic adenomatoid malformation): five types with variable abnormalities in airways and alveoli
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Fig 1 Infantile (congenital) lobar emphysema. Scanning view shows overinflated lung tissue and an increase in the number of alveoli characteristic of the polyalveolar pattern.
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Fig 2 Infantile (congenital) lobar emphysema. Medium-power view shows overinflation of some of the alveolar spaces that can be seen in the polyalveolar pattern.
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Fig 3 Infantile (congenital) lobar emphysema. Low-power view shows distended alveoli that are normal in number characteristically seen in the classic pattern.
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Fig 4 Infantile (congenital) lobar emphysema. All alveoli are distended in this classic pattern.
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Fig 5 Infantile (congenital) lobar emphysema. High-power view shows markedly distended alveolar space that can be seen in both classic and polyalveolar patterns. Note absence of inflammation and fibrosis.


















Interstitial Pulmonary Emphysema (IPE)






Definition







• Dissection of air into septal connective tissue, peribronchial tissue, and the perivascular sheath









Pathogenesis







• Rupture of alveoli due to mechanical ventilation allows dissection of air around bronchovascular bundles















Clinical features






Epidemiology







• Incidence is decreasing but may still occur in 5% to 10% of premature infants undergoing ventilation for respiratory distress syndrome


• Rare in healthy infants without mechanical ventilation












Presentation







• X-ray film demonstrates linear streaks and cystic spaces radiating from the hilum


• Persistent IPE (PIPE) occurs in infants with acute IPE (AIPE) for more than a week. It is usually localized but may be diffuse in association with bronchopulmonary dysplasia












Prognosis and treatment







• AIPE may dissect centrally to produce pneumomediastinum, pneumopericardium, or pneumoperitoneum or may dissect peripherally to produce pneumothorax


• AIPE may be reabsorbed or persist as PIPE


• Treatment with oxygen is usually sufficient, and resection is rarely required















Pathology






Gross







• AIPE demonstrates 0.3 to 1.0 cm air-filled subpleural blebs adjacent to interlobular septa and along bronchovascular bundles


• Diffuse PIPE demonstrates 0.1 to 0.3 cm air-filled cysts along the interlobular septa


• Localized PIPE has larger (3 to 4 cm) interconnecting air-filled cysts along interlobular septa












Histology







• In AIPE, irregular air spaces adjacent to bronchovascular bundles are lined by connective tissue


• May rupture into lymphatics, when the outline is round, but does not extend into pleural lymphatics


• In PIPE, irregular air spaces are lined by fibrous tissue with scattered foreign body giant cells












Immunopathology/special stains







• Immunohistochemistry for endothelial and epithelial markers should be negative in the lining of the cyst unless there is rupture into the lymphatics












Main differential diagnoses







• Congenital pulmonary lymphangiectasis: cystic spaces are lined by lymphatic endothelium and extend laterally along the pleura away from interlobular septa


• Peripheral cysts: represent dilated alveoli and are lined by epithelium
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Fig 1 Interstitial pulmonary emphysema. Multiple subpleural blebs due to air tracking are seen in this patient with IPE.


(Courtesy of Dr. John Hicks, Texas.)
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Fig 2 Interstitial pulmonary emphysema. IPE dissected centrally to produce pneumopericardium (arrow) in this infant.
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Fig 3 Interstitial pulmonary emphysema. Diffuse IPE can create large cysts along the septa as seen in the lung of this infant.
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Fig 4 Interstitial pulmonary emphysema. Irregularly shaped cystic spaces along the bronchovascular bundle compress a large artery.
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Fig 5 Interstitial pulmonary emphysema. The cystic spaces lack endothelial or epithelial lining.
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Fig 6 Interstitial pulmonary emphysema. The air spaces extend along the bronchovascular bundles to the pleura, and the round shape suggests that air has dissected into the lymphatics, but pleural lymphatics lateral to the septa are not involved.
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Fig 7 Interstitial pulmonary emphysema. In persistent or chronic IPE, air spaces are lined by foreign body giant cells (arrow) as seen in this low power.
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Fig 8 Interstitial pulmonary emphysema. High power of Fig 7.


















Congenital Pulmonary Lymphangiectasis






Definition







• Developmental disorder characterized by lymphatic dilatation in the lung









Pathogenesis







• Thought to be due to failure of lymphatics to regress after 20 weeks’ gestation















Clinical features






Epidemiology







• Male predominance


• May be sporadic but is frequently secondary to cardiac anomalies causing obstruction of pulmonary venous return


• Rarely associated with generalized lymphangiectasis


• Occasionally associated with other congenital anomalies in Noonan, Turner or Down syndrome












Presentation







• Respiratory distress in the newborn


• X-ray film demonstrates interstitial distention of lymphatics


• Often associated with chylous pleural effusions and pulmonary hypoplasia












Prognosis and treatment







• Previously fatal within hours to days, but advances in intensive care now allow survival depending on the underlying etiology and associated malformations















Pathology






Gross







• Irregular cystic spaces in lung parenchyma and pleura












Histology







• Cystically dilated lymphatics in interlobular septa, pleura, and along bronchovascular bundles


• There is an increase in number as well as dilatation of normally distributed lymphatic channels


• Extramedullary hematopoiesis may be present in connective tissue












Immunopathology/special stains







• D2-40 highlights lymphatic endothelium


• CD31, CD34 and von Willebrand (factor VIII–related antigen) are also positive












Main differential diagnoses







• Interstitial pulmonary emphysema: air tracks into the interstitium and interlobular septa but does not spread laterally under the pleura. Air may track into the lymphatics, but most cysts are not lined by endothelium
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Fig 1 Congenital pulmonary lymphangiectasis. Cystically dilated lymphatics extending along the interlobular septa.
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Fig 2 Congenital pulmonary lymphangiectasis. Cystically dilated lymphatics in the pleura distant from the interlobular septa.
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Fig 3 Congenital pulmonary lymphangiectasis. Cystically dilated lymphatics around the bronchovascular bundles compressing the adjacent lung parenchyma.
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Fig 4 Congenital pulmonary lymphangiectasis. Cystically dilated spaces are lined by flattened endothelial cells.
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Fig 5 Congenital pulmonary lymphangiectasis. D2-40 stains the endothelium of a markedly dilated lymphatic adjacent to an artery.


















Alveolar Capillary Dysplasia






Definition







• Abnormal location of pulmonary veins within bronchovascular bundles and increased alveolar capillaries









Pathogenesis







• Some cases are associated with mutations in STRA6 on chromosome 15















Clinical features






Epidemiology







• Rare congenital disease


• Familial cases have been described












Presentation







• Presents soon after birth with marked respiratory distress and pulmonary hypertension


• In approximately 50% of cases other anomalies are identified, such as duodenal atresia, congenital heart disease, asplenia, phocomelia, and ureteric and urethral obstruction












Prognosis and treatment







• No effective therapy; lung transplantation could be an option


• Patients usually die within the first few days or weeks of life















Pathology






Histology







• Thickened alveolar septa and increased number of alveolar capillaries


• Abnormally located capillaries within central portion of septa instead of near alveolar lumen


• Pulmonary arteries with medial hypertrophy


• Abnormally muscularized arterioles within bronchovascular bundles


• Dilated pulmonary veins abnormally located near pulmonary arteries in the bronchovascular bundles; although this feature can be focal or diffuse, it is pathognomic of alveolar capillary dysplasia












Immunopathology/special stains







• Not contributory
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Fig 1 Alveolar capillary dysplasia. Low-power view shows ectatic abnormally located pulmonary vein (arrow) adjacent to pulmonary arteries. Dilated lymphatics are also present (arrowheads).


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)
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Fig 2 Alveolar capillary dysplasia. Medium-power view shows thickened, muscularized arterioles and adjacent ectatic abnormally located pulmonary veins. Note centrally located capillaries in alveolar septae in lower left and upper right.


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)
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Fig 3 Alveolar capillary dysplasia. Medium-power view shows an ectatic vein abnormally located next to the pulmonary artery.


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)
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Fig 4 Alveolar capillary dysplasia. High-power view shows a bronchovascular bundle with thickened muscularized arterioles and ectatic abnormally located venules.


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)
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Fig 5 Alveolar capillary dysplasia. High power of alveolar walls showing centrally located dilated capillaries.


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)



















Surfactant Dysfunction Disorders






Definition







• Rare congenital defect in surfactant proteins or in proteins involved in processing and homeostasis of surfactants


• Formerly categorized as congenital pulmonary alveolar proteinosis












Pathophysiology







• Numerous different genetic defects have been described in surfactant protein (Sp)B, SpC, and ABCA3 (involved in surfactant processing and homeostasis)


• Mutations can be autosomal dominant, autosomal recessive, or sporadic












Clinical features






Epidemiology







• Rare cause of neonatal respiratory distress or pediatric interstitial lung disease


• Most often due to genetic defect of ABCA3 or SpB, and rarely SpC


• More common in patients with family history of lung disease or consanguinity












Presentation







• Term neonates presenting with severe respiratory distress lasting longer than 1 week, chest radiography similar to respiratory distress syndrome of premature neonates, and with no improvement after surfactant administration


• Patients with genetic mutation of SpC have variable clinical presentation and age at onset of symptoms, which include poor growth, decreased activity, dyspnea, and nonproductive cough


• Chest radiographic findings are typically much more severe than suggested by the clinical signs and symptoms












Prognosis and treatment







• Poor survival (days to months) in neonates with severe disease


• No specific treatment available


• Lung transplant has had some success but still carries significant mortality















Pathology






Histology







• Accumulation of PAS positive, mucicarmine negative eosinophilic granular alveolar material


• Type II pneumocyte hyperplasia, interstitial fibrosis, and alveolar simplification, which have been descriptively referred to as being consistent with pulmonary alveolar proteinosis, nonspecific interstitial pneumonia, desquamative interstitial pneumonia, or chronic pneumonitis of infancy


• Electron microscopy: disorganized or incomplete lamellar bodies (SpB or SpC defects), small lamellar bodies with eccentric electron dense inclusions with a “fried-egg” appearance (ABCA3 defects)












Immunopathology (including immunohistochemistry)







• Alveolar eosinophilic material is negative for SpB in cases with SpB deficiency and negative for SpC in cases of SpC deficiency












Main differential diagnoses







• Neonatal respiratory distress syndrome


• Pulmonary alveolar proteinosis, secondary type
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Fig 1 Surfactant dysfunction disorders. Simplification of alveolar architecture, interstitial fibrosis, and type II pneumocyte hyperplasia, seen at low power in this case of ABCA3 mutation.
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Fig 2 Surfactant dysfunction disorders. At higher power, brightly eosinophilic granular material is seen in some of the alveolar spaces.
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Fig 3 Surfactant dysfunction disorders. Electron microscopy in this case with an ABCA3 defect reveals a paucity of lamellar bodies, which are small and irregular; several have eccentric electron dense inclusions.
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Fig 4 Surfactant dysfunction disorders. Wedge biopsy from a 4-week-old with progressive respiratory distress shows typical intraalveolar granular eosinophilic material.
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Fig 5 Surfactant dysfunction disorders. Different area from same patient as in Fig 4 shows foamy macrophages in the alveolar spaces and reactive type 2 pneumocytes, illustrating the variability of surfactant accumulation.


















Hyaline Membrane Disease






Definition







• A form of acute lung injury seen in neonates as a result of immaturity and surfactant deficiency; the pathologic correlate of neonatal respiratory distress syndrome












Clinical features






Epidemiology







• Affects approximately 1% of infants born worldwide


• Incidence inversely proportional to gestational age and birth weight: 60% to 80% in infants less than 28 weeks of gestational age, 15% to 30% in those between 32 to 36 weeks, 5% in infants more than 37 weeks


• Rarely, it occurs in mature infants when it is due to dilution of surfactant (inadequate resorption of lung liquid at birth)


• Risk factors include prematurity, white race, male sex, maternal diabetes, birth by cesarean section, multiple gestation, precipitous delivery, asphyxia, cold stress, and a maternal history of prior affected infants












Presentation







• Clinical signs of respiratory distress


• Clinical presentation manifests almost always before 8 hours of age (if symptoms develop after 8 hours of normal breathing, hyaline membrane disease is excluded)


• Typical radiographic finding includes diffuse, bilateral, “granular” opacities with superimposed air bronchograms












Prognosis and treatment







• Best prevention is avoidance of premature labor and delivery


• Antenatal betamethasone therapy is helpful in preventing hyaline membrane disease


• Key treatment measures include exogenous surfactant therapy, oxygen therapy, and mechanical ventilation


• Milder cases usually peak at 2 to 3 days of age; gradual improvement follows


• Infants with severe or untreated disease may develop bronchopulmonary dysplasia or may die of the disease


• Advances in prevention and treatment have decreased mortality and the incidence of subsequent bronchopulmonary dysplasia and markedly improved chances of survival















Pathology






Gross







• Lungs are firm, solid, red, congested, and sink in water


• Relatively airless cut surface with marked atelectasis and a liver-like appearance












Histology







• Alveolar sacs lined by hyaline membranes, which consist of epithelial debris, fibrin, amniotic fluid, and transudate fluid proteins


• Although hyaline membranes start to form within 30 to 60 minutes of high oxygen and respirator therapy, it takes approximately 4 hours of breathing room air for hyaline membranes to be well developed; therefore, hyaline membranes may be inconspicuous in infants who die at less than 4 hours of age


• Hyaline membranes are not specific and may be present in other conditions (see differential diagnosis)


• Immaturity of lung tissue usually apparent (airspaces without hyaline membranes lined by cuboidal epithelium)


• Surrounding lung tissue with congestion, hemorrhage, epithelial desquamation, and lymphatic dilatation


• Atelectasis of distal airspaces and overdistension of proximal airspaces












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Other conditions with the presence of hyaline membranes, such as meconium aspiration and viral or bacterial infections
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Fig 1 Hyaline membrane disease. A section of the lung from a newborn of 24 weeks’ gestational age. Open alveolar sacs are lined by homogenous eosinophilic hyaline membranes. The surrounding alveolar sacs are atelectatic and show evidence of immaturity (lined by cuboidal epithelium).
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Fig 2 Hyaline membrane disease. High-power view of hyaline membranes involving terminal bronchiole (black arrows) and extending into alveolar sac (white arrows). Note the cuboidal epithelium is partially preserved at the bottom of the alveolar sac.
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Fig 3 Hyaline membrane disease. Collapsed airspaces lined by cuboidal epithelium are evident adjacent to (above and below) bronchiole and airspaces involved by hyaline membranes.


















Bronchopulmonary Dysplasia (BPD)






Definition







• A chronic lung disease that develops in some preterm infants who survived hyaline membrane disease









Pathogenesis







• Multiple factors play important roles in BPD:



• Lung immaturity and surfactant deficiency



• Barotrauma due to high pressure of oxygen delivery (not seen with current neonatal management)



• Oxygen toxicity (much less important with surfactant therapy and current management)



• Inflammation



• Pulmonary edema



• Nutritional deficiency


• Presurfactant therapy era: immature lungs with surfactant deficiency are more susceptible to barotrauma, which results in necrotizing bronchiolitis and alveolar septal injury


• Postsurfactant therapy: arrest of further lung development after premature birth leads to fewer alveoli that show compensatory dilatation. Fibrosis is minimal to mild















Clinical features






Epidemiology







• Highest incidence in most immature neonates (<27 weeks’ gestation) with low birth weight (<800 g)


• Occurred in 20% of newborns receiving ventilation before surfactant era


• Male infants tend to have more severe disease


• The use of surfactant therapy in preterm neonates with hyaline membrane disease has significantly decreased the incidence of BPD as well as the mortality rate












Presentation







• Early symptoms are those of hyaline membrane disease, requiring oxygen treatment and assisted ventilation


• Infants who then develop BPD have tachypnea, chest retraction, coughing, paroxysmal respiration, wheezing, and rhonchi; they continue to be oxygen dependent 28 days after birth


• Functional deficits include abnormal gas exchange, increased dead space, decreased compliance, increased work of breathing, and ventilation-perfusion mismatch, as well as mild to moderate pulmonary hypertension


• Radiology: diffuse lung haziness, consolidation, bubble-like cystic space; may be mediastinal shift and mass effect due to lobar overinflation












Prognosis and treatment







• Prevention is most important


• Symptomatic treatment includes diuretics, bronchodilators, vasodilators, and corticosteroids


• Infants with severe BPD are at high risk of pulmonary morbidity and mortality during the first 2 years of life


• Since the introduction of surfactant therapies, BPD is less severe and survival has been greatly improved















Pathology






Gross







• Pleural surface of severe BPD is irregular with a knobby or cobblestone appearance; there is shallow or deep fissure formation












Histology







• Nonsurfactant–treated



• Early phases of BPD in infants show diffuse alveolar damage (DAD) with necrotizing bronchiolitis and hyaline membranes followed by repair and organization



• Late stages show variegated pattern with some lobules with alveolar fibrosis and collapse, while adjacent lobules show overdistention and frequent interstitial air accumulation



• Lung tissue supplied by bronchioles with necrotizing bronchiolitis is relatively protected from further injury


• Since surfactant replacement therapy, the most common histological picture seen in BPD is decreased alveolarization and simplification of lung architecture; there is only minimal to mild alveolar septal fibrosis


• Superimposed infection and pulmonary hypertension (often with cor pulmonale) are usually present at autopsy












Main differential diagnoses







• Early stages with DAD


• Late stages: emphysema, fibrosing interstitial pneumonia, mild pulmonary hypertension or chronic constrictive bronchiolitis
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Fig 1 Bronchopulmonary dysplasia. Gross picture of the heart and lung from an infant with BPD. Note the presence of deep fissures and variegated appearance of pleura with dark purple indented areas and pale pink nodular areas; the heart shows right ventricular hypertrophy with prominent epicardial fat deposition.
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Fig 2 Bronchopulmonary dysplasia. Septal fibrosis of BPD: H&E (A) and trichrome stain (B) showing blue fibrotic area.
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Fig 3 Bronchopulmonary dysplasia. With surfactant therapy, lung with mild BPD showing uniformly dilated acini with thin alveolar septa and only focal interstitial fibrosis: low (A) and high (C) powers of H&E stain; low (B) and high (D) powers of trichrome stain highlighting focal fibrosis.


















Pulmonary Interstitial Glycogenosis (PIG)






Definition







• Rare infantile lung disease characterized by interstitial widening due to the presence of glycogen-laden cells









Pathogenesis







• Precise etiology remains unknown; studies suggest a developmental abnormality rather than an inflammatory/reactive process


• Thought to be a result of selective dysmaturity of interstitial cells with no defects in type II pneumocytes or endothelial cell differentiation


• PIG has no known association with systemic glycogen storage disease















Clinical features






Epidemiology







• Affects infants younger than 6 months; mostly neonates


• Associated with congenital heart disease, pulmonary hypertension, chronic neonatal lung disease due to hypoplasia or prematurity












Presentation







• Rapid onset of respiratory distress and hypoxemia with bilateral interstitial infiltrates












Prognosis and treatment







• Self-limiting disease, usually with spontaneous resolution


• Glucocorticoid therapy accelerates cellular maturation















Pathology






Histology







• Histologic findings include interstitial widening by immature, bland, glycogen-rich mesenchymal cells without significant inflammation


• Lesions can be patchy or diffuse


• Often associated with superimposed lung injury or remodeling


• Mesenchymal cells are PAS and vimentin stain–positive and contain diastase labile cytoplasmic granules












Main differential diagnoses







• Immature lung


• Bronchopulmonary dysplasia
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Fig 1 Pulmonary interstitial glycogenosis. There is interstitial widening with glycogen-laden cells.
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Fig 2 Pulmonary interstitial glycogenosis. The glycogen in interstitial cells is highlighted by PAS stain (A), which is sensitive to diastase digestion (B).
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Fig 3 Pulmonary interstitial glycogenosis. Electron microscopy reveals abundant intracytoplasmic glycogen granules.


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)



















Chronic Granulomatous Disease (CGD) of Childhood






Definition







• Group of hereditary diseases in which there is a decrease in oxidative burst when cells of the immune system are unable to form the superoxide radical that is used to kill certain ingested pathogens. This leads to the formation of granulomas in many organs.









Pathogenesis







• The inherited defect is in the gene encoding components of phagocyte oxidase


• In the X-linked variant the defect is in one of the membrane-bound components (gp91phox)


• In the autosomal recessive variant the defect is in the genes encoding two of the cytoplasmic components (p47phox and p67phox)















Clinical features






Epidemiology







• In the United States it affects 1 in 200,000 people with no race predilection


• Majority (two thirds) of cases X-linked and autosomal recessive; a few sporadic cases












Presentation







• Most patients given diagnosis of primarily gastrointestinal involvement in childhood


• Recurrent episodes of infections (diarrhea, pneumonia, skin abscesses, osteomyelitis, bacteremia, fungemia, cellulitis, and impetigo)


• Some present with atypical infections (catalase-positive bacteria, fungi)


• Lung involvement is rare and can occur at any time in the course of the disease in patients with an established diagnosis of CGD












Prognosis and treatment







• Without treatment children often die in the first decade of life


• Data indicates that X-linked CGD is more severe; most of these patients die in the third or fourth decade of life, even with treatment


• Prophylaxis with antibiotics and antifungal drugs


• Immunomodulation (e.g., interferon gamma-1b)


• Studies using gene therapy are currently under way















Pathology






Histology







• Lung involvement begins in the peribronchial or perivascular areas


• Suppurative inflammation with areas of massive necrosis and pigmented histiocytes


• Subsequently forms necrotizing granulomas


• Infrequently, foreign body and Langhans giant cells












Immunopathology/special stains







• Noncontributory for diagnosis but need to rule out infection (see Differential Diagnoses)












Main differential diagnoses







• Mycobacterial infections: need AFB stain to confirm


• Fungal infections: GMS stain demonstrates fungi


• Wegener granulomatosis: presents in young adults, classic triad (lung, nasal, and renal involvement)


• Aspiration: predominantly lower lobe involvement; foreign material identifiable


• Sarcoidosis: rare in children; usually nonnecrotizing granulomas


• Hypersensitivity pneumonitis: poorly formed granulomas, nonnecrotizing, with eosinophils
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Fig 1 Chronic granulomatous disease of childhood. CGD involving the lung in a 10-year-old: A, Scanning view shows necrotizing granulomas involving perivascular area; B, high-power view shows necrotizing granulomas surrounded by mixed acute and chronic inflammatory cell infiltrate. Note multinucleated giant cells and necrotic debris within the granulomas.

















D


Pediatric Tumors










Pleuropulmonary Blastoma (PPB)






Definition







• Rare childhood mesenchymal pleural-based tumor that often involves the lung









Pathogenesis







• Germline mutations in DICER1 have been identified in familial PPB. The mutation occurs in the benign epithelium leading to altered regulation of mesenchymal growth, which results in tumor formation















Clinical features






Epidemiology







• Mean age, 2.5 years; rarely occurs in older children and adolescents


• No gender predilection


• A quarter of patients have familial cancer syndrome like thyroid tumors, cystic nephroma, ovarian teratoma, or multiple intestinal polyps


• Type I: least common (<15%), affecting the youngest patient group with a median age of 10 months


• Type II: 40% to 50% of all PPB, affecting older children with a median age of 34 months


• Type III: 40% of all PPB, affecting older children with a median age of 44 months


• PPB progresses from type I to types II and III over time












Presentation







• Usually nonspecific symptoms include coughing, shortness of breath, or chest pain


• Some patients may present with pneumothorax or pleural effusion












Prognosis and treatment







• Treatment: surgical resection with or without chemotherapy


• Types II and III are aggressive tumors with more frequent brain metastasis than other childhood sarcomas















Pathology






Gross







• Type I: purely cystic, usually multicystic


• Type II: mixed cystic and solid pattern with thickened nodules within cystic lesion


• Type III: solid tan-white mucoid mass; partially friable, necrotic, or calcified












Histology







• The tumor is composed of malignant mesenchymal cells, which may be primitive with small undifferentiated blastemic cells or larger malignant sarcoma cells with features of rhabdomyosarcoma, fibrosarcoma, liposarcoma, chondrosarcoma, or osteosarcoma


• The epithelial component is benign and usually represents entrapped mesothelial cells or epithelial cells












Immunopathology/special stains







• Malignant mesenchymal cells are positive for vimentin and negative for cytokeratin and EMA


• Differentiated malignant mesenchymal cells may also be positive for desmin, smooth muscle actin, muscle specific actin, or S100












Main differential diagnoses







• Pulmonary blastoma



• Sarcomatoid carcinoma of adults



• Both epithelial and mesenchymal components are malignant and primitive, resembling fetal lung


• Primary sarcoma of children



• Rhabdomyosarcoma may occur in lung tissue in young patients



• Usually lacks undifferentiated blastemic component


• Metastatic Wilms tumor



• Clinical history of primary Wilms tumor



• Usually triphasic with undifferentiated blastema, fibroblast-like stroma, and epithelial components



• Positive for WT-1


• Congenital pulmonary airway malformation (CPAM)



• Also affects infants and young children and can also be cystic



• Lacks malignant mesenchymal component
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Fig 1 Pleuropulmonary blastoma. CT scan of mediastinal type I PPB: purely cystic.


(Courtesy of Dr. Bahig Shehata, Atlanta, Ga.)
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Fig 2 Pleuropulmonary blastoma. CT scan of pleural type II PPB: cystic lesion with nodular thickening.


(Courtesy of Dr. Bahig Shehata, Atlanta, Ga.)
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Fig 3 Pleuropulmonary blastoma. A and B, Low-power views of type I PPB showing cystic wall with bland epithelial lining.


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)
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Fig 4 Pleuropulmonary blastoma. Medium-power views of type I PPB: cystic wall with cartilage and area of undifferentiated mesenchymal cells (A) and rhabdomyosarcomatous area (B).


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)
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Fig 5 Pleuropulmonary blastoma. Type II PPB with solid and cystic growth: myxoid spindle and blastemic cells (A) and undifferentiated spindle cells with scattered rhabdoid cells (B).


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)
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Fig 6 Pleuropulmonary blastoma. PPB showing heterogeneous malignant mesenchymal cells with rhabdomyosarcomatous (A), blastemic (B), mixture of blastemic and rhabdomyosarcomatous (C), and fibrosarcomatous appearance (D).


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)
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Fig 7 Pleuropulmonary blastoma. PPB type III, low power showing pleural tumor with adjacent uninvolved lung (A); B, vascular invasion.


(Courtesy of Dr. John Hicks, Children’s Hospital, Houston, Tex.)



















Inflammatory Myofibroblastic Tumor (IMT)






Definition







• A tumor composed of myofibroblastic spindle cells with lymphoplasmacytic inflammation, associated with ALK gene translocations, previously referred to as inflammatory pseudotumor












Clinical features






Epidemiology







• Equal gender distribution


• Typically occurs in children but can be seen at any age


• IMT is the most common childhood mesenchymal endobronchial tumor but overall accounts for less than 1% of all lung tumors


• Some cases have been shown to be associated with a preceding human herpesvirus 8 infection












Presentation







• Peripheral tumors often asymptomatic and discovered incidentally on imaging


• Less commonly, endobronchial location, presenting with signs of airway obstruction, including coughing, wheezing, chest pain, and hemoptysis


• In many cases, patients have symptoms of an associated paraneoplastic syndrome with weight loss, fever, anemia, increased erythrocyte sedimentation rate, leukocytosis, and thrombocytosis, as well as hyperglobulinemia












Prognosis and treatment







• Complete excision usually leads to excellent survival rate


• Incomplete excision can lead to recurrence


• Extrapulmonary invasion and metastases are infrequent but are associated with a poor prognosis















Pathology






Histology







• Well-demarcated unencapsulated mass of varying size (average, 3 cm), which may focally extend beyond its circumscribed edges into the adjacent lung parenchyma


• Bland spindle cells growing in short intersecting fascicles


• Spindle cells have oval nuclei, occasional nucleoli, and abundant eosinophilic cytoplasm


• Mitotic figures are present in variable numbers, but there are no atypical mitotic figures


• Prominent inflammatory infiltrate of lymphocytes, plasma cells, and eosinophils, as well as clusters of foamy histiocytes and scattered Touton-like giant cells


• Stroma may be focally myxoid or fibrous and calcifications may be present


• Endobronchial tumors may have adjacent postobstructive pneumonia and atelectasis












Immunopathology/special stains







• Spindle cells are positive for vimentin, muscle-specific actin, calponin, smooth muscle actin, and occasionally desmin and ALK


• Spindle cells are negative for caldesmon, CD117, S100, CD34, EMA, myogenin, and myoglobin


• p53 may be positive in recurrence or malignant transformation


• Entrapped alveolar pneumocytes are cytokeratin positive












Main differential diagnoses







• Organizing pneumonia: look for characteristic Masson bodies


• Inflammatory sarcomatoid carcinoma: cytokeratin and EMA positive; muscle markers negative; also has more high-grade features: nuclear hyperchromasia, atypia, and necrosis


• Solitary fibrous tumor: CD34-positive spindle cells, less inflammation, fibrohyaline stroma


• Leiomyoma or leiomyomatous hamartoma: caldesmon positive, less inflammation


• Congenital peribronchial myofibroblastic tumor: rare, present at birth, extensively infiltrative with minimal inflammation


• Spindle cell sarcoma, NOS
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Fig 1 Inflammatory myofibroblastic tumor. Short intersecting fascicles of eosinophilic spindle cells admixed with inflammatory cells, as seen here, are characteristic of IMT.
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Fig 2 Inflammatory myofibroblastic tumor. The fascicles of spindle cells vary from loose bluish (lower right) to fibrotic (upper left).
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Fig 3 Inflammatory myofibroblastic tumor. The inflammatory infiltrate can be quite dense, as seen in this case of IMT.
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Fig 4 Inflammatory myofibroblastic tumor. At low power, this atypical IMT shows increased cellularity and cellular pleomorphism.
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Fig 5 Inflammatory myofibroblastic tumor. At higher power, the atypical cells can be seen along with the more typical features of spindle and inflammatory cells.
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Fig 6 Inflammatory myofibroblastic tumor. On this frozen section of an IMT, spindle cells are seen admixed with lymphocytes and plasma cells.
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Fig 7 Inflammatory myofibroblastic tumor. Spindle cells are positive for SMA. Note positive staining for vascular smooth muscle at bottom right.







[image: image]

Fig 8 Inflammatory myofibroblastic tumor. ALK-1 shows both granular cytoplasmic and membranous staining.


















Congenital Pulmonary Myofibroblastic Tumor






Definition







• A benign spindle cell tumor of the lung presenting at birth or in neonatal life with clinical features of respiratory distress and mediastinal shift


• It has also been termed congenital peribronchial myofibroblastic tumor












Clinical features






Epidemiology







• Rare neoplasm; less than 40 cases reported in the literature












Presentation







• Mass effect leads to respiratory distress


• Has been incidentally detected on prenatal ultrasonography












Prognosis and treatment







• It is a benign tumor that is cured with surgical resection


• Mortality is related to mediastinal shift (preoperatively) or due to complications of surgery (intraoperative and postoperative)















Pathology






Histology







• Well-circumscribed, usually nonencapsulated tumor with broad-pushing front; small foci of infiltrative growth may be present


• Interlacing fascicles of bland spindle cells of variable density; cells lack anaplasia


• Stroma may show myxoid change


• Foci of necrosis and dystrophic calcification may be present


• Mitotic activity varies from zero to four per 10 high-power fields


• Vascularity may be prominent focally and may show a hemangiopericytoma-like pattern


• Entrapped respiratory structures and cartilage usually present












Immunopathology/special stains







• Spindle cells positive for vimentin and may be positive for smooth muscle actin. Hence, in older literature, it was thought to represent a “congenital leiomyosarcoma”


• Desmin and S100 are negative


• Electron microscopy suggests myofibroblastic differentiation, in that the tumor cells have disrupted basal lamina, lack micropinocytotic vesicles, contain bundles of fine actin-like filaments and have crenated nuclei. Others have reported elongated cells with some cytoplasmic processes












Main differential diagnoses







• Sarcomas such as leiomyosarcoma (these will be desmin-positive) and malignant peripheral nerve sheath tumors (at least focally S100 positive). Sarcomas commonly show anaplasia, unlike congenital pulmonary myofibroblastic tumors


• Pleuropulmonary blastoma (PPB): types 1 and 2 PPB have a cystic component. Solid (type 3) PPB is sarcomatous and commonly shows features of a rhabdomyosarcoma
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Fig 1 Congenital pulmonary myofibroblastic tumor. Low power shows nodules of tumor with irregular cartilage plates.
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Fig 2 Congenital pulmonary myofibroblastic tumor. Intermediate power shows relatively bland tumor cells with islands of cartilage.
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Fig 3 Congenital pulmonary myofibroblastic tumor. High power shows uniform spindle cells with one mitotic figure.


















Metastatic Pediatric Tumors






Definition







• Secondary malignant lung tumors in pediatric patients












Clinical features






Epidemiology







• Metastatic tumors account for approximately 80% of all lung tumors in children and more than 95% of malignant tumors


• The ratio of primary malignant to secondary malignant neoplasms is 1:12


• Most common pediatric metastases are from osteosarcoma and Wilms tumor, followed by Ewing/primitive neuroectodermal tumor (PNET), neuroblastoma, malignant peripheral nerve sheath tumor (MPNST), hepatoblastoma, rhabdomyosarcoma, and, rarely, other sarcomas and carcinomas


• With the exception of osteosarcoma, the lung is rarely the initial or only site of metastasis for pediatric tumors












Presentation







• Osteosarcoma: solitary or multiple nodules with cavitation and calcification causing coughing, wheezing, and hemoptysis


• Soft tissue sarcomas: multiple peripherally located sharply outlined nodules with central necrosis or endobronchial masses with asthmalike symptoms


• If nodules are subpleural, they can cause formation of bronchopleural fistula and pneumothorax with severe chest pain/Pancoast syndrome


• The lower lobes are more frequently involved in hematogenous metastases


• A reticular or miliary pattern occurs in tumors spreading via lymphatics












Prognosis and treatment







• Metastasectomy (wedge excision) is the mainstay treatment for osteosarcoma, improving 3-year survival rates from 5% to 45%


• Surgical excisions are also used for diagnosis and staging and for tumors resistant to chemotherapy and radiotherapy such as adrenocortical carcinoma, chondrosarcoma, and alveolar soft part sarcoma


• Wilms, Ewing/PNET, neuroblastoma, rhabdomyosarcoma, and germ-cell tumors are treated with chemotherapy and radiotherapy


• Disease-free survival remains poor, except for Wilms tumor and solitary metastases of osteosarcoma















Pathology






Gross







• Well-circumscribed nodules that are either pleural-based or in lymphatic distribution


• Majority are firm, gray, glistening with “fish-flesh” cut surface


• Osteosarcomas commonly have firm, fleshy, and gritty appearance due to osteoid and chondroid production, as well as cystic hemorrhagic spaces and geographic necrosis












Histology







• Histopathology of metastatic tumors is usually similar to that of the primary site; however, chemosensitive tumors could show cellular maturation phenomenon, necrosis, fibrosis, or hemosiderin deposition


• It is critical to assess the percentage of necrosis as an indicator of treatment efficacy












Immunopathology/special stains







• Virtually all sarcomas are vimentin positive


• The most useful immunohistochemical (IHC) markers for metastatic pediatric tumors are listed in Table 2 in the Appendix












Main differential diagnosis







• Pleuropulmonary blastoma: very rare, always involves pleura, no tendency to entrap normal respiratory epithelium, and no history of prior sarcoma elsewhere
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Fig 1 Metastatic pediatric tumors. Metastatic osteosarcoma with malignant osteoid production; pleomorphic polygonal cells with abundant cytoplasm and high grade nuclei (A). Note formation of cystic hemorrhagic spaces characteristic in telangiectatic osteosarcomas (B).
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Fig 2 Metastatic pediatric tumors. Ewing sarcoma/PNET lung metastasis: vague lobular pattern of monotonous population of small blue cells (A); higher magnification shows scant cytoplasm, round nuclei, small inconspicuous nucleoli, mitotic figures, and apoptotic bodies (B).
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Fig 3 Metastatic pediatric tumors. Another example of metastatic Ewing/PNET seen as a large endobronchial mass: low power (A) and higher magnification (B) demonstrate large atypical cells with irregular nuclear outline, conspicuous nucleoli, high pleomorphism, and spindling consistent with atypical large cell variant.
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Fig 4 Metastatic pediatric tumors. Well-circumscribed metastatic nodule of MPNST. A, Low power showing long fascicles of uniform, closely spaced, hyperchromatic spindle cells. B, At higher power one can appreciate nuclear atypia, multinucleation, large vesicular nuclei with macronucleoli, and numerous atypical mitotic figures.

















E


Obstructive Lung (Airway) Diseases










Bronchiectasis






Definition







• Permanent dilatation of the cartilaginous bronchi often accompanied with inflammatory changes












Clinical features






Epidemiology







• Worldwide problem; less prominent in the United States


• Most common noninherited causes are infection (viral or bacterial), obstruction (tumor or aspiration), and allergic bronchopulmonary aspergillosis


• No age or sex predilection


• Most patients are in their mid 50s at the time of diagnosis


• Younger patient may have inherited disease, such as cystic fibrosis or primary ciliary dyskinesia or immunodeficiency syndromes (inherited or acquired)












Presentation







• Productive cough with purulent sputum, dyspnea, fever and hemoptysis


• Radiographic findings: chest X-ray film may show classic parallel linear opacities (tram tracks) corresponding to thickened bronchial walls; tubular opacities reflect mucus-filled bronchi












Prognosis and treatment







• Irreversible disease


• Treat the underlying causes of the disease (e.g., airway obstruction [tumor or foreign body], infection, or cystic fibrosis)


• Symptomatic treatment















Pathology






Histology







• Grossly dilated bronchi with scarring are filled with mucopurulent material and extend almost to the pleural surface


• Histological findings vary significantly: some cases show minimal changes and some show bronchial dilation, mucopurulent stasis, and acute and chronic inflammation


• In severe cases, the entire bronchial wall can be disrupted, including mucosa, submucosa, muscularis propria, and cartilage












Immunopathology/special stains







• Not contributory








[image: image]

Fig 1 Bronchiectasis. Gross photograph of cut surface of explanted lung showing dilated bronchi extending up to the pleural surface. Some of them contain purulent exudates. Middle lobe is solidified and fibrotic. Prominent anthracotic pigment is present.
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Fig 2 Bronchiectasis. Lowest power (A) and low power (B) photomicrographs show dilated airways and fibrosis of adjacent lung. Note organized polypoid inflammatory tissue within the airways.
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Fig 3 Bronchiectasis. There is acute and chronic inflammation and ulceration of the airway in this 3-year-old patient with postinflammatory localized bronchiectasis.


















Cystic Fibrosis






Definition







• Autosomal recessive disease with mutation of cystic fibrosis transmembrane conductance regulator (CFTR) gene and multisystem involvement. Patients have abnormal transport of chloride and sodium across the respiratory epithelium, resulting in thickened airway secretions and susceptibility to recurrent infections












Clinical features






Epidemiology







• Common hereditary disease in whites, affecting approximately 1/3000 live births


• Less common in blacks, occurring in approximately 1/17,000 live births


• Rare among Asians, seen in approximately 1/90,000 live births












Presentation







• Clinical presentation and severity vary considerably


• Pulmonary manifestations: wheezing, chronic cough, atelectasis, recurrent pneumonia, and bronchiolitis


• Extrapulmonary manifestations: meconium ileus, steatorrhea, malabsorption, recurrent pancreatitis, nasal polyps, absence of sperm in semen












Prognosis and treatment







• Dramatically improved survival with advanced multidisciplinary management


• Management of pulmonary disease includes controlling infection and maintaining airway clearance















Pathology






Histology







• Gross pathologic findings for endstage disease: widespread bronchiectasis (more severe in upper lobe) with thick mucus plugs, pleural fibrosis/adhesions, pneumonic consolidation, and lobar atelectasis


• Microscopic findings: acute and chronic inflammation involving the large and small airways associated with bronchial gland and goblet cell hyperplasia, squamous metaplasia, and mucostasis












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Recurrent pneumonia and bronchitis, bronchiectasia in non–cystic fibrosis patients: may share similar clinical, radiographic and histological features but no CFTR gene mutation
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Fig 1 Cystic fibrosis. Cut surface of the explanted lung specimen shows severely dilated airways with thick fibrotic walls and purulent mucous plugs; the lung parenchyma is solidified with significant fibrosis.
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Fig 2 Cystic fibrosis. A, The bronchiolar wall is fibrotic and infiltrated with mixed inflammatory cells; the bronchial epithelium is hyperplastic with goblet cell hyperplasia. Intraluminal mucostasis and numerous neutrophils are also present. Note secondary pulmonary arterial hypertensive changes in upper left. B, Florid acute inflammation of a bronchiole and intraluminal neutrophilic abscess. Adjacent alveoli are relatively spared.







[image: image]

Fig 3 Cystic fibrosis. At the late stage of the disease, concentric fibrosis of bronchiolar wall (A) and complete obliteration of the bronchiolar lumen (B) are seen (shown in this explanted lung).


















Chronic Bronchitis






Definition







• Clinically defined as a productive cough, occurring on most days for 3 or more months for at least 2 successive years in the absence of any known cause of chronic cough












Clinical features






Epidemiology







• Commonly affects middle-aged adults but can be seen at any age


• Affects approximately 5.4% of the population in the United States


• High-risk population includes people who smoke and those exposed to high concentrations of dust and irritating fumes












Presentation







• Chronic productive cough, dyspnea, wheezing


• Physical examination: coarse rhonchi and wheezes












Prognosis and treatment







• Stop smoking and avoid exposure of stimulating dust and irritating fumes


• Relieve symptoms and prevent complications with bronchodilators and anticholinergics


• 5-year survival is approximately 50% if FEV1 falls below 50% of predicted values















Pathology






Histology







• Chronic bronchitis with mucostasis, submucosal glandular hyperplasia with increased Reid index (>0.5), goblet cell metaplasia/hyperplasia and chronic inflammation


• Chronic respiratory bronchiolitis












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Because it is defined clinically and the pathological features are nonspecific, the differential is also based on clinical presentation
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Fig 1 Chronic bronchitis. Low-power view shows bronchus with goblet cell and mucous gland hyperplasia. Note that some of the mucous glands are small due to adjacent fibrosis.
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Fig 2 Chronic bronchitis. High-power view shows goblet cell hyperplasia and chronic inflammation in the submucosa and acute inflammation mixed with intraluminal mucus.
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Fig 3 Chronic bronchitis. This patient was followed up in a high-risk clinic (because of a long history of smoking) and had this endobronchial biopsy, which shows squamous metaplasia.


















Asthma






Definition







• A chronic inflammatory disorder of the airways in which many cells and cellular elements play a role. In susceptible individuals, this inflammation causes recurrent episodes of wheezing, breathlessness, chest tightness, and coughing, particularly at night and in the early morning. These episodes are usually associated with widespread but variable airflow obstruction that is often reversible either spontaneously or with treatment.












Clinical features






Epidemiology







• A major health problem affecting more than 15 million people in the United States


• The incidence and prevalence has increased in the last 3 to 4 decades












Presentation







• Recurrent episodes of shortness of breath, wheezing, coughing, and chest tightness


• These symptoms are associated with airflow obstruction, which is reversible either spontaneously or with treatment


• Spirometry measurement shows significant reversibility of airflow obstruction












Prognosis and treatment







• Children with mild disease have a good prognosis. Approximately half of patients will no longer have the diagnosis after a decade


• Quick-relief medications used to treat acute symptoms (e.g. short-acting β2-adrenoceptor agonists) and long-term control medications used to prevent further exacerbation (e.g., inhaled glucocorticoids)















Pathology






Histology







• Gross autopsy findings of patients with status asthmaticus: mucous plugs occluding primarily medium-sized and small bronchi, associated with overinflation of the lungs


• Small bronchi are usually most severely affected and filled with mucous plugs. The mucus is mixed with eosinophils, shedding epithelium and Charcot-Leyden crystals


• Bronchial epithelium often desquamated but basal layer remains


• Prominent basal membrane thickening, goblet cell hyperplasia, and smooth muscle hyperplasia


• Squamous metaplasia may be seen


• The airways are infiltrated with eosinophils and mixed inflammatory cells


• Chronic asthma



• Constrictive bronchiolitis with submucosal scarring, concentric luminal narrowing, adventitial scarring, and chronic inflammation



• Bronchiectasis: walls of the cartilaginous bronchi are permanently destroyed, which results in permanent dilation of the airways and accompanied inflammatory changes












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Chronic bronchitis: clinically defined as a productive cough of unknown cause, occurring on most days for 3 or more months for at least 2 successive years; often associated with history of smoking; histologically characterized by chronic inflammation with basement membrane thickening, bronchial epithelial hyperplasia, and goblet cell metaplasia


• Eosinophilic pneumonia: clinical presentation is different from asthma. Patients usually do not have recurrent episodes of wheezing, shortness of breath, and coughing. Also they do not respond well to bronchial dilators. Eosinophilic pneumonia can be idiopathic or secondary to infections, drug administration, or associated with immunologic diseases. Clinical history and accessory tests (e.g., pulmonary function test) are helpful for differential diagnosis
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Fig 1 Asthma. Endobronchial biopsy shows asthmatic changes including epithelial sloughing, basement membrane thickening, and marked eosinophilic inflammation.










[image: image]

Fig 2 Asthma. A, Bronchiole is severely affected. It has epithelial hyperplasia, prominent goblet cell metaplasia, basement membrane thickening, smooth muscle hyperplasia, and inflammatory cell infiltration with predominant eosinophils. B and C, Same patient with bronchial involvement. Histological findings are similar to that in the bronchiole.
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Fig 3 Asthma. Squamous metaplasia of the bronchiolar epithelium is seen in this treated asthmatic patient without inflammation.
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Fig 4 Asthma. Hyperplastic bronchial mucous glands are seen in this patient with history of asthma.


















Allergic Bronchopulmonary Aspergillosis






Definition







• Clinical syndrome occurring predominantly in patients with chronic asthma or, less often, bronchiectasis who develop hypersensitivity to Aspergillus fumigatus












Clinical features






Presentation







• Individual with asthma develops peripheral blood eosinophilia, transient pulmonary opacity, elevated total serum IgE, immediate cutaneous reaction to Aspergillus, elevated serum IgG and IgE to Aspergillus, as well as central bronchiectasis


• May have positive sputum culture for aspergillosis












Prognosis and treatment







• Corticosteroid is the main treatment. Itraconazole may play a role in patients with resistance to corticosteroids


• Control the underlying asthmatic disease















Pathology






Histology







• “Allergic mucin” is considered the hallmark of the disease. It is composed of abundant eosinophilic mucin, mixed with eosinophils, eosinophil cytoplasmic debris, occasional Charcot-Leyden crystals as well as calcium oxalate crystals


• Rare fungal hyphae are present in the mucin but do not involve the lung parenchyma or vessels


• Various combinations of asthmatic changes, bronchocentric granulomatosis, and eosinophilic pneumonia are commonly seen












Immunopathology/special stains







• GMS stain highlights the fungal hyphae in most cases, but these are sometimes not identified












Main differential diagnoses







• Eosinophilic pneumonia: eosinophilic inflammation of lung and airways


• Hypersensitivity pneumonia: chronic inflammatory interstitial pneumonia accompanied by poorly formed granulomas with interspersed eosinophils and bronchiolitis


• Invasive fungal pneumonia: granulomatous inflammation with fungal hyphae infiltrating the lung parenchyma and vascular wall


• Churg-Strauss syndrome: combination of eosinophilic pneumonia, asthmatic bronchitis, granulomatous inflammation (allergic granulomas), eosinophilic vasculitis as well as eosinophilic abscesses


• Wegener granulomatosis: systemic disease usually manifested by upper respiratory tract and lung involvement along with glomerulonephritis; associated with increased serum c-ANCA; geographically necrotizing granulomatous inflammation with prominent parenchymal necrosis and vasculitis
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Fig 1 Allergic bronchopulmonary aspergillosis. At low power, layers of mucin and inflammatory cells are seen in this plug removed from a 10-year-old with asthma.
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Fig 2 Allergic bronchopulmonary aspergillosis. Depending on the preservation of cells and staining, eosinophils may be difficult to identify as in this figure; binucleation is helpful when the granules are pale.
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Fig 3 Allergic bronchopulmonary aspergillosis. High power shows the characteristic “allergic” mucin, which is pale blue and intermixed with numerous eosinophils.
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Fig 4 Allergic bronchopulmonary aspergillosis. Charcot-Leyden crystals are seen in this high power of allergic mucin.
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Fig 5 Allergic bronchopulmonary aspergillosis. GMS stain will often stain parts of the mucin as seen here on the left. Fragmented fungal hyphae are present in the middle.
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Fig 6 Allergic bronchopulmonary aspergillosis. GMS stain: overstained hyphae can be difficult to identify as seen here.







[image: image]

Fig 7 Allergic bronchopulmonary aspergillosis. GMS stain: branching helps to confirm that these black structures are indeed fungal hyphae.


















Acute Bronchiolitis






Definition







• Acute inflammation of bronchioles with variable epithelial sloughing












Clinical features






Epidemiology







• Most often associated with infections, especially in infants and children, toxic fume or gas inhalation, chemotherapy, or acute aspiration












Presentation







• Children with viral infections present with tachypnea, wheezing, and prolonged expirations


• Adults tend to have few specific symptoms












Prognosis and treatment







• Most patients fully recover, especially from infectious causes


• Patients with an idiopathic cause may respond to antibiotics and immunosuppressive therapy but often progress to decreased lung function















Pathology






Histology







• Extension of acute inflammation into the walls of bronchioles and intraluminal collections of neutrophils as well as mucus


• Frequently associated with chronic bronchiolitis












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Bronchopneumonia: acute inflammation extending from the airways into the adjacent alveoli
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Fig 1 Acute bronchiolitis. A, Inflammatory cells infiltrate predominantly the bronchiolar wall; mucostasis with abundant neutrophils in the lumen. B, High magnification reveals that mixed inflammatory cells, with neutrophils predominant, expand the subepithelial space; the bronchiolar epithelial cells are attenuated and focally detached; accumulated mucus with mixed numerous neutrophils.
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Fig 2 Acute bronchiolitis. Mixed acute and chronic inflammation with mucostasis is seen here. The inflammation extends into peribronchiolar connective tissue, but most of the adjacent alveolar spaces are open.


















Chronic Bronchiolitis






Definition







• Chronic inflammation of the small airways characterized by mixed chronic inflammatory cells within and surrounding the bronchiolar walls












Clinical features







• Nonspecific histological finding, usually associated with a wide variety of lung diseases, including infection, autoimmune diseases, asthma, drugs, radiotherapy, chemotherapy, and transplantation


• Infrequently encountered as the only abnormality on a lung biopsy specimen; its clinical significance is unclear









Prognosis and treatment







• Varies depending on underlying diseases















Pathology






Histology







• Chronic inflammatory cells infiltrating the bronchiolar wall and surrounding peribronchiolar connective tissue


• May see accompanying goblet cell hyperplasia, smooth muscle hyperplasia, and mild luminal narrowing


• Sometimes, prominent accumulation of foamy macrophages infiltrate the bronchiolar walls and accumulate in the lumens












Immunopathology/special stains







• Not contributory












Main differential diagnosis







• Follicular bronchiolitis: chronic inflammation of the small airways with formation of lymphoid follicles containing germinal centers
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Fig 1 Chronic bronchiolitis. The mixed chronic inflammatory cells infiltrate the submucosa and are present through the smooth muscle layer of the small airway. The bronchiolar epithelium and adjacent alveoli are unremarkable.
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Fig 2 Chronic bronchiolitis. The airway is surrounded by lymphocytic infiltrate and variable distortion with focal bronchiolar epithelial sloughing and luminal mucus mixed with neutrophils. Atelectasis is present in the adjacent alveoli.
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Fig 3 Chronic bronchiolitis. Mild fibrosis is present in the submucosa accompanied by minimal luminal narrowing. Chronic inflammation is less prominent.
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Fig 4 Chronic bronchiolitis. In this case, predominant foamy macrophages infiltrate the bronchiolar wall and extend into the adjacent lung. There are very few inflammatory cells. The bronchiolar epithelial cells are largely sloughed.


















Follicular Bronchiolitis






Definition







• Presence of lymphoid follicles next to and confined to the walls of the airways and associated peribronchial tissues












Clinical features






Epidemiology







• May be associated with collagen vascular diseases (e.g., rheumatoid arthritis), immunodeficiency syndromes (e.g., IgA deficiency, congenital variable immunodeficiency, AIDS), bronchiectasis, obstructive pneumonias, chronic infection, and hypersensitivity syndromes












Presentation







• Varies depending on the underlying disease












Prognosis and treatment







• Varies depending on the underlying disease















Pathology






Histology







• Lymphoid follicles containing reactive germinal centers are present in the walls of bronchioles and occasionally pleura, especially in patients with rheumatoid arthritis


• There may be postobstructive changes such as mucostasis and organizing pneumonia


• Absence of significant lymphoid infiltrate in the adjacent lung parenchyma












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Lymphoid interstitial pneumonia: diffuse interstitial infiltrate of mature lymphocytes and admixture of chronic inflammatory cells; associated with infections (HIV, Epstein-Barr virus, hepatitis viruses) and autoimmune diseases (Sjögren); the spectrum of radiographic changes varies from bilateral streaky densities to reticulonodular opacities


• Nodular lymphoid hyperplasia: considered to be late stage of a healing inflammatory process; nodular lymphoid proliferation associated with fibrosis; masslike lesion on radiographic image


• Lymphomas: clonal expansion of neoplastic lymphoid cells with abnormal immunophenotype and cytogenetic or molecular studies; commonly encountered lymphomas include chronic lymphocytic lymphoma, follicular center cell lymphoma, mantle cell lymphoma, MALT lymphoma, Hodgkin lymphoma
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Fig 1 Follicular bronchiolitis. Lymphoid follicles confined to the wall of airway; no significant lymphoid involvement in the adjacent lung parenchyma. The airway is dilated and has mucostasis.
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Fig 2 Follicular bronchiolitis. Follicular bronchiolitis with adjacent lung parenchyma showing foci of organizing pneumonia, probably after obstruction.
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Fig 3 Follicular bronchiolitis. Follicular pleuritis is seen in this patient with rheumatoid arthritis.


















Bronchiolitis Obliterans/Constrictive Bronchiolitis Obliterans/Constrictive Bronchiolitis






Definition







• Small airway disease in which variable narrowing or obliteration of airway lumens is seen












Clinical features






Epidemiology







• Most often seen as a manifestation of chronic rejection and graft-versus-host disease in lung transplant and bone marrow transplant recipient, respectively (see Lung Transplantation)


• Associated with different causes, such as infection, drug reaction, radiation, toxic fume exposure (discussed here)












Presentation







• Progressive dyspnea and cough


• Pulmonary function tests show airway obstruction with variable restrictive defects


• Variable chest X-ray findings: ground glass opacities, bronchial wall thickening, overinflation, usually without infiltrates












Prognosis and treatment







• Progressive disease; many patients undergo lung transplantation


• Immunosuppressant and cytotoxic therapy















Pathology






Histology







• In the early stages: concentric and “onion skin” fibrosis beneath the bronchiolar epithelium. Bronchiolar epithelium is compressed and lumen is narrowed


• In the late stages: the lumen is completely occluded by the fibrosis


• Uninvolved lung parenchyma shows obstructive changes or is unremarkable












Immunopathology/special stains







• Not contributory












Main differential diagnoses







• Bronchiolitis obliterans–organizing pneumonia: old term for cryptogenic organizing pneumonia that has intraluminal Masson bodies


• Chronic bronchiolitis: predominant peribronchiolar inflammation and periluminal fibrosis
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Fig 1 Bronchiolitis obliterans. A, Subtle subepithelial fibrosis and no significant inflammation of bronchiole and alveolar spaces; the lumen is widely open. B, The trichrome stain shows concentric subepithelial fibrosis.
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Fig 2 Bronchiolitis obliterans. A, The lumen is narrowed by the concentric subepithelial fibrosis. Smooth muscle layer is distorted, and epithelium is partially attenuated. The adjacent pulmonary acini are unremarkable. B, Trichrome stain highlights fibrosis.
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Fig 3 Bronchiolitis obliterans. The lumen is obliterated by the fibrosis. The bronchiole is identifiable only by the presence of smooth muscle bundles or discontinuous elastic tissue around a central scar.


















Emphysema






Definition







• Destruction of acinar walls resulting in permanent enlargement of airspaces that are distal to terminal bronchioles; usually no significant fibrosis


• Subclassified into three types according to the portion of affected pulmonary acini: proximal acinar (centrilobular) emphysema, panacinar emphysema, and distal acinar emphysema












Clinical features






Epidemiology







• Tobacco smokers most often have proximal acinar emphysema


• Patients with α1-antitrypsin (A1AT) deficiency usually develop panacinar emphysema


• Patients with spontaneous pneumothorax have distal acinar or irregular emphysema


• Other risk factors include marijuana abuse and dust and chemical exposure












Presentation







• Progressive dyspnea


• Decreased breath sounds, crackles at the bases, distant heart sounds, and depressed diaphragm


• Radiographic images: evidence of overinflation characterized by increased radiolucency of the lungs, flat diaphragm, decreased heart shadow


• Pulmonary function tests: airflow obstruction












Prognosis and treatment







• Stop smoking and avoid adverse stimulators to halt further lung damage


• Patient with A1AT deficiency: goal of treatment is to increase A1AT level in serum and lung interstitium; current major approach is intravenous augmentation therapy by infusion of pooled human A1AT


• Treated symptomatically with anticholinergics, bronchodilators, corticosteroids as well as supplemental oxygen


• At the late stage of the disease, the damage becomes irreversible; patient may need lung volume reduction surgery or a lung transplant















Pathology






Gross







• Terminal airways are dilated and form many cavities












Histology







• Microscopically, there is destruction of acinar walls and dilatation of the airspaces


• Bronchial metaplasia is often present


• Usually not associated with significant inflammation or fibrosis


• Panacinar emphysema: the acinus is uniformly involved; the lower lobes are more predominantly involved


• Proximal acinar emphysema: proximal portion of the acinus around respiratory bronchiole is predominantly involved; upper lobes are more severely affected


• Distal acinar emphysema: the distal acinus, along the interlobular septa and close to pleura, is affected; may form blebs and bullae; spontaneous pneumothorax












Immunopathology/special stains







• Not contributory












Main differential diagnosis







• Congenital lobar emphysema: occurs in infants, congenital malformation of the lung characterized by hyperinflation of one or more pulmonary lobes
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Fig 1 Emphysema. Gross photograph of cut surface of formalin-inflated lung shows relatively uniform enlarged acini in this patient with A1AT deficiency.
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Fig 2 Emphysema. Alveolar spaces are markedly enlarged while the alveolar walls are of normal thickness (i.e., without fibrosis).
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Fig 3 Emphysema. Emphysema and bronchial epithelial metaplasia (occurring in a smoker): some of the alveolar walls are lined by metaplastic bronchial epithelium; low (A) and high (B) powers. Note focal interstitial fibrosis.
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Fig 4 Emphysema. Anthracotic pigment is often present in smokers with emphysema, as seen here.
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Fig 5 Emphysema. Pulmonary hypertensive changes (intimal fibrosis and muscle hyperplasia) are present in this patient with emphysema.
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Restrictive (Interstitial) Lung Diseases










Pulmonary Edema






Definition







• An abnormal accumulation of fluid in pulmonary interstitium and alveoli









Pathogenesis







• Increased vascular permeability due to a spectrum of endothelial and epithelial injuries of the lung leading to one or more of the following:



• Increased capillary hydrostatic pressure



• Increased capillary permeability



• Decreased plasma oncotic pressure



• Lymphatic obstruction















Clinical features






Epidemiology







• Incidence varies with inciting cause; left-sided heart failure is the main cause


• Other reasons include lung injury, pneumonia, toxins, medications, and living at high altitude












Presentation







• Shortness of breath, anxiety, and a feeling of drowning


• In patients with long-standing pulmonary edema there may be dyspnea on exertion, orthopnea, paroxysmal nocturnal dyspnea, or coughing


• Radiological features include butterfly pattern of lung infiltrates, pleural effusion(s), Kerley B lines, and loss in radiological sharpness of the vasculature
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