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One Picture Is Worth Ten Thousand Words

— Frederick Barnard, 1927

Remarkable progress has been made in anatomic and surgical pathology during the last 10 
years. The ability of surgical pathologists to reach a definite diagnosis is now enhanced by 
immunohistochemical and molecular techniques. Many new clinically important histopatho-
logic entities and variants have been described using these techniques. Established diagnostic 
entities are more fully defined for virtually every organ system. The emergence of personalized 
medicine has also created a paradigm shift in surgical pathology. Both promptness and preci-
sion are required of modern pathologists. Newer diagnostic tests in anatomic pathology, how-
ever, cannot benefit the patient unless the pathologist recognizes the lesion and requests the 
necessary special studies. An up-to-date Atlas encompassing the full spectrum of benign and 
malignant lesions, their variants, and evidence-based diagnostic criteria for each organ system 
is needed. This Atlas is not intended as a comprehensive source of detailed clinical information 
concerning the entities shown. Clinical and therapeutic guidelines are served admirably by a 
large number of excellent textbooks. This Atlas, however, is intended as a “first knowledge 
base” in the quest for definitive and efficient diagnosis of both usual and unusual diseases.

The Atlas of Anatomic Pathology is presented to the reader as a quick reference guide for 
diagnosis and classification of benign, congenital, inflammatory, nonneoplastic, and neoplastic 
lesions organized by organ systems. Normal and variations of “normal” histology are illus-
trated for each organ. The Atlas focuses on visual diagnostic criteria and differential diagnosis. 
The organization is intended to provide quick access to images and confirmatory tests for each 
specific organ or site. The Atlas adopts the well-known and widely accepted terminology, 
nomenclature, classification schemes, and staging algorithms.

This book series is intended chiefly for use by pathologists in training and practicing surgi-
cal pathologists in their daily practice. It is also a useful resource for medical students, cyto-
technologists, pathologist assistants, and other medical professionals with special interest in 
anatomic pathology. We hope that our trainees, students, and readers at all levels of expertise 
will learn, understand, and gain insight into the pathophysiology of disease processes through 
this comprehensive resource. Macroscopic and histological images are aesthetically pleasing 
in many ways. We hope that the new series will serve as a virtual pathology museum for the 
edification of our readers.

Indianapolis, IN, USA� Liang Cheng
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The surgical pathology of lung and pleural diseases has evolved substantially since the earliest 
days in which Averill Liebow, Charles Carrington, and others gave birth to the seminal obser-
vations that framed pulmonary pathology as a subspecialty discipline. The principal objective 
of this Atlas is to provide pathologists in training as well as experienced practitioners an easy-
to-use practical diagnostic guide for lesions involving the lung and pleura. This Atlas may also 
serve as a good resource for clinicians interested in the histopathologic features that define the 
entities that afflict their patients. It covers a breadth of common problems likely to cross your 
microscope but without a level of detail likely to satisfy a desire for deep knowledge of their 
biology. The 14 chapters begin with a brief overview of normal histology before moving on to 
incidental findings followed by nonneoplastic and finally neoplastic diseases. Each chapter 
begins with a heading outline to summarize the contents. Individual diseases include a brief 
introduction followed by gross photographs for selected entities and multiple photomicro-
graphs at different magnifications with detailed legends describing the findings. The introduc-
tory narratives are intentionally concise, including only essential clinical and radiological 
information and key pathologic features. Detailed descriptions of pathologic findings are 
found in the figure legends.

The emphasis in this book is on the histologic diagnosis of diseases using routinely stained 
slides as the foundation with a focus on high-quality hematoxylin-eosin-stained sections. 
Gross illustrations are included for those entities in which gross examination may play an 
important role in diagnosis. Illustrations of immunohistochemical stains are limited to those 
that are diagnostically relevant and/or necessary for certain tumor categories.

We hope that pathologists and practitioners at every level of experience will find this Atlas 
useful in evaluating the sorts of lung and pleural diseases likely to be encountered in any busy 
pathology practice.

Indianapolis, IN, USA� Chen Zhang
Ann Arbor, MI, USA� Jeffrey L. Myers 
�  

Preface
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Fig. 1.1	 Normal lung. Gross photograph of a peripheral portion of normal lung. On the cut 
surface, the tan brown spongy lung parenchyma is composed of secondary lobules 
in which multiple acini are aggregated. Proximal acinar structures are clustered in 
the center, and distal alveolar spaces are concentrated at the periphery adjacent to 
the thin fibrous interlobular septa that separate the lobules. The airways and blood 
vessels are barely visible. The outer surface of the lung is lined by the visceral 
pleura (upper left)

Fig. 1.2	 Normal bronchus. (a) Low-magnification photomicrograph of a main stem bron-
chus showing bronchial wall cartilage and submucosal seromucous glands. (b) 
High-magnification photomicrograph showing bronchial epithelium composed of 
ciliated, pseudostratified, columnar epithelium with scattered mucin-secreting 
cells (goblet cells). (c) High magnification of the submucosal glands consisting of 
mixed serous and mucous cells

Fig. 1.3	 Normal terminal bronchiole. Intermediate magnification view of a normal bron-
chovascular bundle. The bronchiole (left) is a small, noncartilaginous airway lined 
by columnar respiratory epithelial cells with a muscular wall and without interven-
ing submucosal glands. The bronchiole is accompanied by a small muscular pul-
monary artery (right) of similar caliber. Associated connective tissue and lymphatic 
spaces (asterisk) compose the bronchovascular bundle

Fig. 1.4	 Intermediate-magnification photomicrograph showing the respiratory bronchiole 
(RB) and the associated alveolar duct (AD). Note the transition from the respira-
tory epithelium lining the respiratory bronchiole to the flattened alveolar epithe-
lium of the alveolar duct

Fig. 1.5	 High-magnification photomicrograph of a respiratory bronchiole. The epithelium 
is still predominantly ciliated but more cuboidal in shape compared with the 
columnar pseudostratified epithelium in the larger airway in Fig. 1.2b. Mucous 
cells or goblet cells become rare in respiratory bronchioles with a relative increase 
in nonciliated, nonmucinous Clara cells. The bronchiole wall consists of fibrous 
tissue and an incomplete smooth muscle layer

Fig. 1.6	 High-magnification photomicrograph of normal alveoli. The alveolar septa are 
very thin and consist of flattened alveolar epithelium (pneumocytes) and delicate 
capillaries

Fig. 1.7	 Photomicrographs showing pleural and chest wall soft tissues in transbronchial 
biopsies. (a) Fragments of mesothelium-lined pleural tissue and mediastinum/
chest wall adipose tissue are seen in a transbronchial biopsy. (b) Chest wall skel-
etal muscle and adipose tissue immediately adjacent to normal lung parenchyma 
in a transbronchial biopsy representing an unintended procedural artifact

Fig. 1.8	 Low-magnification photomicrograph showing artifactually collapsed lung and 
intra-alveolar hemorrhage. Mechanically compressed lung may mimic interstitial 
lung disease as a result of nonspecific thickening of collapsed interstitial struc-
tures; finding normal lung adjacent to the collapsed focus is helpful in sorting out 
the problem. Lack of hyperplastic alveolar pneumocytes is another helpful feature 
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in distinguishing this artifact from interstitial lung disease. Procedure-related hem-
orrhage is distinguished from clinically significant intra-alveolar hemorrhage by 
the lack of fibrin, organizing spindle cells, hemosiderin, and associated secondary 
interstitial abnormalities

Fig. 1.9	 “Pseudolipids,” also termed “bubble artifact,” is a processing artifact that may 
mimic exogenous lipid pneumonia. This artifact occurs commonly in mechani-
cally compressed lung parenchyma, especially in areas of hemorrhage, edema, or 
inflammation. Lack of foreign body giant cells and other aspiration-related changes 
are the keys to recognizing “pseudolipids”

Fig. 2.1	 High-magnification photomicrograph showing corpora amylacea within an alveo-
lar space in normal lung. It is a round, eosinophilic structure consisting of concen-
tric lamellae and spoke-like structures radiating from the center. It is partially 
rimmed by alveolar macrophages. Corpora amylacea have no known significance 
but are more prominent in older patients. Their origin is unknown. It is important 
not to confuse them with aspirated foreign materials

Fig. 2.2	 Meningothelial-like nodule (MLN). (a) Intermediate-magnification view of char-
acteristic stellate-shaped nodule in which the interstitium is expanded by whorls of 
bland epithelioid cells arranged in a nested growth pattern. The nodules vary in 
size, but they are usually small and easily missed; missing them has no diagnostic 
consequence, and they need not be routinely noted in autopsy or surgical reports. 
The background lung is unremarkable. (b) At high magnification, the nodule is 
composed of uniform epithelioid cells with bland, round to oval nuclei, abundant 
amphophilic cytoplasm, and indistinct cell borders. The cells usually stain for epi-
thelial membrane antigen (EMA) and are negative for cytokeratins, TTF1, and 
neuroendocrine markers (not shown). The morphologic and immunohistochemical 
features closely resemble meningothelium. (c) Rarely, MLNs can be numerous 
and cause a form of diffuse lung disease referred to as “diffuse meningothelioma-
tosis,” as illustrated in this surgical lung biopsy

Fig. 2.3	 Carcinoid tumorlet. (a) Low-magnification photomicrograph shows a well-demar-
cated cellular nodule surrounded by normal lung. The lesion is by definition less 
than 5 mm in greatest dimension. (b) At high magnification, the nodule is com-
posed of uniform, oval to elongated epithelioid cells with finely dispersed (“salt 
and pepper”) nuclear chromatin. These lesions stain strongly positive for neuroen-
docrine markers such as synaptophysin and chromogranin (not shown) and are 
distinguished from typical carcinoid tumors mainly by their size (less than 5 mm) 
and location (peribronchiolar interstitium) of the lesion

Fig. 2.4	 Intermediate-magnification photomicrograph illustrating neuroendocrine cell 
hyperplasia. Neuroendocrine cell hyperplasia commonly accompanies carcinoid 
tumorlets and is characterized by a proliferation of neuroendocrine cells distrib-
uted in a pagetoid fashion within the respiratory epithelium of a bronchiole (top 
half of photomicrograph). The lumina of affected bronchioles may be narrowed by 
a pattern of concentric fibrosis characteristic of constrictive (obliterative) bronchi-
olitis (lower left). Diffuse idiopathic neuroendocrine cell hyperplasia (DIPNECH) 
is a rare disease in which the combination of neuroendocrine cell hyperplasia and 
constrictive bronchiolitis is affiliated with progressive airflow limitation. Carcinoid 
tumorlets and neuroendocrine cell hyperplasia are common incidental findings in 
resection specimens harboring carcinoid tumors and should not be overdiagnosed 
as DIPNECH

Fig. 2.5	 Nodular metaplastic ossification (osseous metaplasia). A single focus of branching 
woven bone is present within an area of fibrosis from a patient with usual intersti-
tial pneumonia (UIP). This sort of osseous metaplasia is common in UIP but is not 
specific and can be seen in various histologic contexts, including relatively normal 
lung
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Fig. 2.6	 Dendriform ossification. In this photomicrograph multiple elongated, branching 
lamellar bone spicules are seen within the interstitium, which is in turn affected by 
a subtle pattern of mild, paucicellular fibroelastosis. The fibrosis sometimes asso-
ciated with dendriform ossification often has this distinctive “aponeurosis-like” 
quality. Dendriform ossification may occur as an isolated finding, in which case it 
may not be affiliated with respiratory symptoms and is instead an incidental find-
ing of little consequence. In other cases, however, this pattern of osseous metapla-
sia is more extensive and superimposed on a pattern of fibrosis that may resemble 
usual interstitial pneumonia and account for a syndrome of progressive lung 
disease

Fig. 2.7	 Metastatic calcification is characterized by alveolar septal deposition of basophilic 
calcium particles. The alveolar structure is preserved with mild septal thickening. 
Metastatic calcification is a diffuse form of dystrophic calcification that is usually 
seen in patients with longstanding renal failure requiring hemodialysis

Fig. 2.8	 Blue bodies are round, often fragmented, lamellated basophilic structures within 
alveolar macrophages. They are the breakdown products of cell metabolism and 
are of no clinical significance. Blue bodies contain calcium and are not polariz-
able. They should not be confused with aspirated particulates such as microcrys-
talline cellulose

Fig. 2.9	 Megakaryocytes within the alveolar septa. High-magnification photomicrograph 
showing irregularly shaped and deeply basophilic megakaryocytes within the 
lumina of alveolar septal capillaries. They are common incidental findings in sur-
gical lung biopsies and autopsies and are especially common in patients with sep-
sis, cardiovascular diseases, or metastatic malignancies

Fig. 2.10	 Apical cap (fibroelastosis). (a) Low-magnification view of an upper lobe lung 
biopsy showing a subpleural zone of scarring. The underlying lung parenchyma is 
normal. (b) High-magnification view of the scarred area showing the distinctive 
elastotic collagen and mild chronic inflammation. The apical cap is a common 
incidental finding in the upper lobes but can also be seen in the superior segments 
of the lower lobes. In a few patients, apical caps present as mass-like lesions with 
radiologic features resembling malignancy. Because well-differentiated adenocar-
cinomas occasionally arise in this setting, small closed biopsies performed for a 
radiologic suspicion of malignancy that show only apical cap should be interpreted 
with caution

Fig. 2.11	 Low-magnification photomicrograph showing round atelectasis. Round (also 
termed rounded) atelectasis occurs when fibrotic pleura retracts and invaginates 
into underlying lung parenchyma, causing a portion of the lung to collapse. The 
collapsed lung may mimic a mass radiologically and therefore be viewed as a 
potential “pseudoneoplasm”

Fig. 3.1	 Intralobar pulmonary sequestration (bronchial atresia with systemic vascular con-
nection) combined with features of congenital pulmonary airway malformation. 
(a) Gross photograph showing cut surface of a partially resected lung that is nearly 
completely replaced by a yellow-white solid cystic lesion. The lesion is well 
demarcated, and minimal remaining normal lung tissue is seen at the periphery of 
the specimen. A centrally located thick-walled feeding blood vessel (arrow) is 
identified. This example illustrates the overlap between intralobar sequestration 
and CPAMs. (b) Cross section of the identified feeding blood vessel confirms a 
systemic elastic artery

Fig. 3.2	 Intralobar pulmonary sequestration combined with features of congenital pulmo-
nary airway malformation. (a) Intermediate-magnification photomicrograph 
showing an area of the lesion illustrated in Fig. 3.1 characterized by back-to-back 
smaller bronchiolar type cysts. (b) High-magnification photomicrograph showing 
ciliated respiratory epithelial lining of maldeveloped parenchymal cysts
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Fig. 3.3	 Pulmonary sequestration. In this low-magnification photomicrograph showing a 
long-standing lesion, the cysts contain mucus admixed with inflammatory debris 
and macrophages. The lining epithelium is focally attenuated and flattened. The 
stroma is fibrotic, with abundant collagen deposition and focal osseous metaplasia 
(upper right)

Fig. 3.4	 CPAM/congenital cystic adenomatoid malformation (CCAM), type 1. The cut sur-
face of this surgical specimen shows multiple variably sized cysts separated by 
grossly normal lung parenchyma. The cyst walls are fibrotic with a smooth interior 
surface

Fig. 3.5	 CPAM type 1. (a) Low-magnification view of section from the CPAM illustrated in 
Fig. 3.4 showing a large cyst lined by nonmucinous ciliated columnar epithelium. 
The cyst is located immediately next to normally developed lung parenchyma. (b) 
High-magnification view of cyst lining that is ciliated respiratory epithelium

Fig. 3.6	 CPAM type 1 with mucinous epithelium, a potential precursor to mucinous adeno-
carcinomas with a lepidic architecture referred to historically as bronchioloalveo-
lar carcinoma. (a) Low-magnification photomicrograph of the type 1 CPAM 
illustrated in Figs. 3.4 and 3.5 showing multiple variably sized cysts and bronchi-
ole-like structures, some of which are lined by nonciliated mucinous columnar 
epithelium. (b) Higher-magnification photomicrograph demonstrates mixed respi-
ratory and mucinous epithelium. The mucinous epithelium includes tall columnar 
cells with abundant apical mucin and bland basally located nuclei

Fig. 3.7	 CPAM type 2 typically occurs in the first year of life and tends to be associated 
with other anomalies that account for poorer outcomes. (a) Low-magnification 
photomicrograph showing multiple small cysts (0.5–2 cm) scattered within rela-
tively preserved distal lung parenchyma. (b) At higher magnification, the bronchi-
ole-like cysts are lined by ciliated respiratory epithelium and surrounded by a thin, 
incomplete layer of smooth muscle resembling a bronchiole

Fig. 3.8	 Congenital pulmonary overinflation (emphysema). (a) Low-magnification view of 
overinflated lung showing enlarged air spaces, thin alveolar septa, and preserved 
alveolar architecture. (b) High-magnification photomicrograph showing thin 
incomplete alveolar septa

Fig. 3.9	 Pulmonary interstitial emphysema. Gross photograph showing the cut surface of a 
lung segment resected from a 7-week-old infant on mechanical ventilation for 
respiratory failure. The cut surface shows multiple air-filled cysts tracking along 
visceral pleura, interlobular septa, and bronchovascular bundles with compression 
of intervening parenchyma

Fig. 3.10	 Pulmonary interstitial emphysema. (a) Low-magnification photomicrograph show-
ing multiple linear air-filled spaces distributed within bronchovascular bundles 
and interlobular connective tissue. The lung parenchyma between the air spaces is 
compressed and shows procedure-related hemorrhage. (b) At higher magnifica-
tion, an elongated air-filled interstitial space is located next to a bronchiole with 
procedure-related hemorrhage in the background. The air-filled space shows no 
lining epithelium and is instead partially lined by macrophages, including multi-
nucleated giant cells. (c) High-magnification view of multinucleated giant cells 
lining an air-filled interstitial space

Fig. 3.11	 Pulmonary lymphangiectasis secondary to congenital heart disease. The inter-
lobular septum is widened by dilated lymphatic vessels. The dilated spaces fol-
low lymphatic routes that may superficially resemble interstitial emphysema. 
Identifying the proteinaceous lymphatic fluid and flattened endothelial lining 
cells combined with the absence of multinucleated giant cells is helpful in mak-
ing the distinction. The key to differentiating lymphangiectasis from diffuse 
lymphangiomatosis (see Fig. 3.15) is that the number of lymphatic spaces is not 
increased in the former
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