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FOREWORD 

As in the great age " f exploration when the coastal contours of a continent were lirst outlined .uul thereafter its rivers, 
mountains, and Valleys penetrated, so was the terra incognita of the human hod) explored. 

A work published in 154.) influenced the annals ot Western medicine forever. Pt" Hiinniiii Vorptnh Fulvicil. I.ihti Septum by 
Andreas Vesalius. usually referred to as the Filbricu, was one of the first anatomy texts to systematically provide descriptions 
derived from actual dissection of the human body. In controverting the ancient theory of (>alen, the second-century C>rcek who 
had cast his shadow on medical science for over a thousand years, the Fabrii'tl was an incontestable breakthrough. Vesalius is 
regarded as the l.olumbiis ol the human body, as a man who literally discovered a new world. 

\natomy was the stepping-stone to the understanding of not onlv the body's structure hut also its (unctions and 
malfunctions. 

It was othei investigations in the sixteenth century on the vascular system and the venous valves complete with their 
mechanical implications that were crucial for William Harvey's demonstration of the blood circulation. Harvey's 1628 
publication Ue Main CorJis ("On the Motion of the Heart") established that the heart is a pump which causes the blood to 
circulate through the body, passing from the arteries to the veins. It would remain lor Marcello Malpighi. founder of 
microscopic anatomy, decades later in 1660, to diSCOVCl the capillaries. I'hese insights marked the step from anatomy to 
physiology. 

In 1761, tlte Italian physician and anatomist Giovanni Morgagni published On tin1 S'/fcv tiiul Causes of Disease, finally 
establishing the direct relevance of anatomy to clinical medicine. Rudolph Virchow, the father of 11 in u 11 pathology, declared in 
18V4 ihat, wi th Morgagni, 'Tin- new medicine begins". 

Over time, surgeons became most adept in the knowledge ol anatoinv. Uy the early decades of the 21)"' century, the eminent 
surgeon Harvey Gushing could testify that "from the publication of the hwriui almost to the present day the Intimate pursuit 
of.. . anatomy has constituted the high road lor entrv into the practice of surgery." 

today, it is the radiologist who is most facile with highly detailed anatomy and who - it must l>c emphasized demonstrates 
this in viivi. This has fleet! brought about hy the revolution in diagnostic imaging. IWssectional anatomy has been superseded by 
(rwvv-sectional imaging. 

I his volume which deals with anatomy of the chest, abdomen and pelvis is authored by recognized experts with wide 
experience and keen insight including: Melissa Rosado do ("hirstenson and dcrald Abbott (chest), Michael I'ederle (abdomen), 
and I'.iul.i Woodward (pelvis). It not only reveals the complex mysteries of the Iwidy 's structure bul further indicates why 
anatomical applications are still being made today. The information is presented in an engaging and render-friendly style. 
Convoluted descriptions are abandoned as key anatomic principles are outlined in succinct format. Medical illustrations of 
exquisite museum quality are combined with state-of-art diagnostic imaging. A distinctive feature is the frequent use of 
pathologic examples Ul highlight certain anatomic structures or features that might otherwise be obscure. I he exciting 
capabilities of ultrasonographv. computed tomograpy. and magnetic resonance imaging are beyond the wildest dreams o l 
\nclreas Vesalius or llarvev < lushing. The reader cannot but lie struck hy the realization Ihat the state-of-art images often rival 
and sometimes surpass the artist's depiction in accurate display. 

Anatomy is so intimately linked to phvsiologv and patllologv that this textbook is a gem for any Student or practitioner 
involved with the human body in modern medicine. 

Morton A. Meyers. Ml) 
Emeritus Professor of Radiology and Medicine 
Distinguished University I'rolessor 
State University of New York at Stony Brook 
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While in medical school, I hated "Anatomy." Working with cadavers was not only unpleasant but was relatively 
uniiiformative as well. Structures of vital importance, such as various ducts and blood vessels, were difficult to identify by dissection. 
The anatomic drawings in our textbooks seemed to have little or no bearing on what I was observing in the anatomy lab or 
operating room, and had even less apparent relevance to the practice of medicine or surgery. 

When CT came along at the end of my residency, we all had to scramble to learn how to interpret these new cross-sections of 
the body Existing texts were of limited help in interpretation of axial CT images, and even less help when MR arrived with its new 
planes of section and unfamiliar display sequences. Once we gained lamiliaritv with these imaging tools, however, we realized that 
we had access to detailed anatomic information inaccessible to even the most experienced anatomist. Experience interpreting 
thousands of CT and MR interpretations has also made us appreciate the considerable variability from "conventional" depictions of 
anatomy found in standard textbooks. 

We feel that the combination ot vibrant medical illustrations and nniltiplanar, high resolution, cross sectional imaging is the 
ideal way to teach anatomy today. We have included depictions of common anatomic variations and pathological process to 
make the reader aware of the appearanie and relevance of altered morphology. 

We hope that the ellorts ot our talented medical illustrators ami radiologist/authors will make the anatomy ot the chest, 
abdomen and |)elvis "come alive" for our readers. 

Michael r. Kderle. M i l , IACR 
I'rotessor of Radiology 
( hiet ot Abdominal Imaging 
University ot Pittsburgh Medical Center 
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CHEST OVERVIEW 

Terminology  
Abbreviations 
• Anteroposterior (AP) 
• Postcroanterior (PA) 
• Image receptor (IR) 
• Source-tO-lmage receptor distance (SID) 
• Houmfield uni ts (HU) 

[General Anatomy and Function  
Chest Wall 
• Anatomy 

<■ Spine 
Sternum 

c Ribs 
o Clavicles 

Skeletal muscles 
c Chest wall nerves and vessels 

Skin and subcutaneous fat 
• I-'unction 

' Pro\ides protection for lungs, cardiovascular 
structures and intrathoracic organs 

c Participates In l>ellows-like process of respiration 

Pleura 
• \na tomv 

Thin continuous membrane 
Parietal pleura: Lines non pulmonary surfaces 

< Visceral pleura: Lines pulmonary surfaces 
c Pleural space: Potential space 

• Function 
Production and absorption of normal pleural fluid 
■ Pleural fluid lubricates pleural surfaces 
■ Pleural fluid facilitates lung motion during 

respiration 
o Clearance of abnormal pleural fluid 

Airways 
• Anatomy 

Trachea 
o Main bronchi 
o Lobar bronchi 

Segments! bronchi 
Bronchioles 
Distal airways and alveoli 

• Function 
Gas exchange during respiration 

o Protective mechanism against foreign particles 
■ Ciliary escalator 
■ Cough reflex 

■ Air transfer to and from the alveolar-capillary 
interface 

Heart and Great Vessels 
• Anatomy 

Venae cavae 
Right atrium 

i Right ventricle 
Pulmonary arteries 

o Capillary network 
' Pulmonary veins 

I eft atrium 

Left ventricle 
o Aorta and branches 

• Function 
Pump action for systemic fc pulmonary circulations 
Transport of deoxygenated blood to 
capillar}-alveolar interlace 
Transport of oxygenated blood to tissues 

Chest Radiography | 
Standard Chest Radiographs 
• Imaging study of choice for initial assessment of 

cardiopulmonarv disease 
• PA and left lateral chest radiographs 

Orthogonal views (at right angles to each other) 
3 Analysis of orthogonal views for anatomic 

localization of imaging abnormalities 

Standard Radiographic Positioning 
• Upright patient 
• lull inspiration and breath hold near total lung 

capacity 
• No rotation or motion 
• Attempt to minimize overlying osseous structures 
• Area of interest closest to IK 
• Radiographic technique 

SID of 72 inches to minimize magnification 
Central X-ray beam centered on thorax 

<■ Beam collimation to include outer portion of chest 
wall 

Radiographic Projections 
• PA chest radiograph 

J Term PA: Describes posteroanterior direction of 
X-ray beam traversing chest toward IR 

• Anterior chest against IR 
< Head vertically positioned and chin on top of grid 

dev ice 
( Dorsal wrists on hips and elbows rotated anteriorly 

to move scapulae laterally 
Shoulders moved caudally and squarely against IR to 
bring clavicles below apices 

• Left lateral chest radiograph 
3 Term left lateral: Denotes that left lateral chest wall 

is against IR 
X-rav beam traverses chest from right to left toward 
IK 

3 Arms above head to move upper extremities away 
from lungs and mediastinum 

• AP chest radiograph 
o Term AP: Describes anteroposterior direction of 

X-rav beam traversing chest toward IK 
-| Supine and bedside (portable) radiography and 

imaging of sitting and semi-upright patients 
■ Neonates, infants and very young children 
■ Debilitated and unstable patients 
■ Seriously ill and bed ridden patients 
Distinctive features 
■ Magnification of anterior structures (heart and 

mediastinum) farthest from IR; shorter SID 
■ Clavicles course horizontally and partially obscure 

apiies 
■ Ribs assume a horizontal course 

file:///natomv


CHEST OVERVIEW 
• Lateral decubi t i iMhest radiograph 

Recumbent position with right or left side down 
Elevation of chest on radioluccnt support 
frontal radiograph (APor PA) with horizontal X-ray 
beam 
Indications 
■ Evaluation of pleura! fluid in dependent pleura! 

space (X-rav beam tangential to tliiid-lung 
interlace) 

■ Evaluation of air in non-dependent pleura! space 
(X-ray beam tangential to visceral pleura-air 
interface) 

• Apical lordotic I \P or PA axial) chest radiograph 
Superior angulation of X-ray beam from horizontal 
plane of 15-20° 
Distinctive features 
■ \ntei ior osseous structures (c lav icles and first 

anterior ribs) project superiorly above lung apices 
■ Ribs course horizontally 
■ Magnification (foreshortening) ot mediastinum 
Indications 
■ Kadiographir visualization ol apex, superior 

mediastinum and thoracic inlet 
■ 1 nhaiiced \ isualization ot minor fissure in 

suspected right middle lolie atclcctasis 
• Expiratory radiography 

■ Evaluation of air trapping 
Evaluation ot pneumothorax 
■ 1 imited value 
■ No clear difference in sensitivity or specificity for 

diagnosis of pneumothorax 

Radiographic Interpretation 
• Assessment of patient's identity and proper placement 

of right/left markers 
• Imaging of entire thorax 

Frontal radiographs 
■ Inclusion of all thoracic structures from larvnx to 

costophrenic angles 
■ Full inspiration with diaphragm below posterior 

ninth rib 
I ateral radiographs 
■ Inclusion ol anteroposterior extent of chest wall 
■ Inclusion of upper lung and posterior 

costodiaphragmatic sulci 
• Assessment of appropr ia te radiographic posi t ioning 

No rotation 
■ Spinous process ofT3 (posterior structure) 

centered between medial clavicles (anterior 
stria tures) on frontal radiographs 

■ Supcrimposition of right and left ribs posterior lo 
vertebrae on lateral radiographs 

Medial aspects of scapulae lateral to lungs oil Irontal 
radiographs 
Arms alxive thorax without superimposition on lung 
and mediastinum on lateral radiographs 

• Appropriately exposed radiograph 
Visualization of peripheral pulmonary vasculature 
Visualization ot pulmonary vessels and thoracic 
vertebrae through heart on frontal radiographs 

• Systematic evaluation 
Assessment of multiple superimposed structures and 
tissues 

Assessment of all visible structures including 
portions ot neck, shoulders and upper abdomen 
Comparison to prior studies 

• Challenge* 
Evaluation ot retrocardiac lung 
Evaluation ot rctrodiaphragmatic lung 
Evaluation of apical lung 

Radiographic Densities 
• lour basii radiographic densities 

Air 
Water (fluid, blood and soft tissue) 
■ at 
Metal icalcium, contrast, metallic medical devices 
foreign bodies) 

• Silhouette sign 
An intrathoracic process (mass, consolidation, 
pleural tluid) that touches mediastinum or 
diaphragm obscures visualization of their Ixirders on 
radiograph) 
< litical lor radiographic diagnosis ot 
■ Ateleclasis 
■ Consol idat ion 
■ Pul iuonarv edema hemor rhage 
■ Pleural elfusion 

Computed Tomography J 
General Concepts 
• Imaging based on X-ray absorption by tissues with 

diflering atomic numbers 
» Display of differences in X-rav absorption in 

cross-sectional format 
• Excellent spatial resolution 
• Enhanced v isualization ot structures of different tissue 

density based on display ol a wide range of HU 
measurements 

Window width refers to number ot HI1 displayed; 
w indow level refers to median (center) HU 
I ung window (width of 1500 HU; level of -6<X) HU) 
■ Evaluation of lungs, airways and air-containing 

portions of gastrointestinal tract 
Soft tissue or mediast inal w indow (width of 
.100-500 IIU; level of 30-50 HU) 
■ Evaluation of vascular structures and soft tissues 

of mediastinum and chest wall 
Hone window (widest width; level of +?() HU) 
■ Evaluation of skeletal and calcified structures and 

metallic ob|ects 

Conventional CT 
• Evaluation, localization and characterization of 

abnormalities deteited on radiography 
• 1 ocalization of lesions in preparation for C"I-guided 

biopsy /drain age 

Contrast-Enhanced CT 
• Administration ot intravenous contrast 

Evaluation of normal vessels 
Evaluation ot vascular abnormalities 
Distinction of vascular structures from adjacent soft 
tissues 
Determination of lesion/tissue enhancement 
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CHEST OVERVIEW 
• Administration of enteric contrast 

Evaluation of gastrointestinal tract 
I valuation of gastrointestinal perforations/leaks 

CT Angiography 
• Vascular imaging 

<- l iming of contrast bolus 
c Imaging of specific vascular structures 

■ ("1 p u l m o n a r y ang iographv for evaluation of 
tliromboi'iiibolic disease 

• ( r ao r tog raphy for evaluation of t r aumat ic 
aortic injury, dissection and iiiieiirvsm 

H i g h - K e s o l u l i o n C T 
• Technique 

I bin-sections to minimize partial volume effects 
High-resolution reconstruct ion a lgor i thm 

• Indications 
Evaluation of diffuse inl i l tnt t ive lung disease 
Evaluation of patients with dyspnea and normal 
radiographs 

• Special techniques 
I 'rone imaging lor evaluation ot peripheral b.isilar 
lung disease 
rxp i ra to ry imaging for evaluation ot distal airways 
disease 

Special Techniques 
• Mult ip lanar imaging with coronal a n d sagittal 

reformations 
1 valuation of axially oriented structures and 
abnormalities 
I valuation of anatomic location ot lung lesions in 
relation to fissures 
Evaluation of chest wall and inediastinal 
involvement b\ adjacent pulmonary lesions 

• Surface-rendered techniques fore-valuation of airway 
and vascular lumens 

Virtual bronchoscopv 
Virtual angioscopy 

• Volume-rendered techniques tor problem solving 
and education 

Magnetic Resonance Imaging  
General Concepts 
• Application of radiofrequency to excite protons within 

a magnetic field 
• Detection of signal emitted bv nuclei as they relax to 

their original alignment with generation of an image 
of their spatial distribution 

• Advantages of MR 
I \cellcnt contrast resolution 
Mult ip lanar imaging 
Intrinsic vascular "contrast'1 

■ Increased soft tissue contrast 

T e c h n i q u e 
• Spin-echo sequences typically used in chest imaging 

' II weighted images 
12 weighted images 

• Bright blood sequences 

Indications 
• Imaging of the heart and great vessels 
• Distinction of vascular structures from adjacent soft 

tissues without the use of contrast 
• I valuation of mediastinum and bila 
• Evaluation ol chest wall and diaphragm 

[Angiography | 
Pulmonary Angiography 
• Venous cathcterbation 
• Canniilation of pulmonarv arterial system 
• Indications 

i Evaluation of congenital and acquired pulmonarv 
vascular abnormalities 
Evaluation of thromboembolic disease 
■ Decreasing utilization 

Aortography 
• Arterial cathcterizalion 
• C'annulation of proximal aorta 
• Indications 

1 I.valuation of traumatic aortic and great \essel injury 
1 Evaluation of congenital arterial vascular anomalies 
1 Evaluation of caliber and integrity of aortic and 

great vessel lumens 

Bronchial Artery & Intercostal Arteriography 
• Arterial catheteri/ation 
• Selective canniilation of bronchial/intercostal arteries 
• Indications 

Diagnosis and treatment of hemoptysis 

Other Chest Imaging Modalities 
Radionuclide Imaging 
• \cntil i i t imi-pcrfiision imaging 

' Evaluation of thromboembolic disease 
Evaluation of pre- and post-operative lung function 

• Positron emission t o m o g r a p h y 
Determination of metabolic activity of lesions 
Staging of malignant neoplasms 

■ Use of integrated IM I'-GT imaging 

U l t r a s o u n d 
■ Evaluation of pleural effusion 

tree vs. loculated 
riioracentesis planning 
Biopsy planning 

• I valuation of d iaphragmat ic mot ion 
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CHEST OVERVIEW 
STRUCTURES OF THE CHEST 
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Graphic shows the complex and diverse structures and organs in the thorax. The chest wall skeletal and soft tissue 
structures surround and protect the primary organs of respiration, the thoracic cardiovascular system, and the 
proximal gastrointestinal tract. The apposed pleural surfaces create a potential space that normally contains a small 
amount of fluid which lubricates the pleura and reduces friction during respiratory motion. The airways deliver 
oxygen to the alveolar-capillary interface and carry carbon dioxide out to the environment. The heart and vessels 
deliver deoxygenated blood to the capillary-alveolar interface and oxygenated blood to the peripheral organs and 
tissues. 



CHEST OVERVIEW 
PA CHEST RADIOGRAPH 
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Normal posteroanterior chest radiograph shows the challenges inherent in the interpretation of radiographs of the 
thorax. Chest radiographs display a wide range of structures and tissue types with significant superimposition of 
structures of different radiographic density. Portions of the lung may he ohscured by overlying mediastinal soft 
tissues and skeletal structures. Attention to radiographic image quality is of paramount importance for accurate 
diagnosis of subtle abnormalities. 



CHEST OVERVIEW 
LEFT LATERAL CHEST RADIOGRAPH 

Trachea — 

Sternum 

Heart — 
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The left lateral chest radiograph is orthogonal (at 90") to the PA chest radiograph. It is a complementary view that 
allows visualization of the retrocardiac left lower lohe and the retrodiaphragmatic lung hases. It also allows 
evaluation of the thoracic vertebrae. As in the PA chest radiograph, multiple structures of various densities are 
superimposed and must be evaluated in a systematic manner. 
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PA CHEST RADIOGRAPHY, POSITIONING & COLLIMATION 
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X-ray beam travels In 
posteroanterior 

direction Scapula rotated off 
lung 

Hand pronated with 
dorsal wrist on hip 

Collimatlon of X-ray 
beam 

Lung apex included 

Least magnification of 
heart & mediastinum 

X-ray beam centered 
on chest 
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(Top) Graphic shows proper positioning for PA chest radiography. The patient is upright with the anterior chest 
against the vertical IR, the chin over the top of the device, the arms flexed with the backs of the hands on the hips 
and the shoulders internally rotated to move the scapulae off the lungs. The X-ray beam travels through the patient 
in a posteroanterior direction. (Bottom) Graphic shows proper PA chest radiographic collimation for imaging the 
lungs and mediastinum. The white target sign shows the centering of the X-ray beam. The blue overlay represents 
the collimated X-ray beam that extends from the cervical airway superiorly to below the costophrenic angles 
interiorly and includes the left and right skin surfaces. The anterior structures of the chest (shown in color) are 
closest to the IR and experience the least magnification. 



CHEST OVERVIEW 
PA C H E S T R A D I O G R A P H Y 
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(Top) Well-posit ioned normal I'A chest radiograph. The scapulae are rotated off the lungs. The spinous process of T3 
is equidistant f rom the medial clavicles. Proper co l l imat ion spans f rom the cervical trachea superiorly to below the 
costophrenic angles Inter ior ly and includes the lateral aspects of the chest wa l l . Op t ima l exposure allows 
visualization of the peripheral pu lmonary vessels, the vertebral bodies (visible th rough the mediast inum), and the 
retrocardiac and retrodiaphragmatic pu lmonary vessels. ( B o t t o m ) Poorly posi t ioned PA chest radiograph w i t h 
marked rotat ion to the r ight . The left medial clavicle overlies the spinous process of T3 and the r ight medial clavicle 
is displaced t o the r ight of m id l ine . Increased density of t he left hemi thorax results f rom X-ray penetrat ion of a 
greater thickness of left-sided chest wal l soft tissues due to ro ta t ion . 



CHEST OVERVIEW 
LEFT LATERAL CHEST RADIOGRAPHY, POSITIONING & COLLIMATION 
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(Top) Graphic shows proper positioning for left lateral chest radiography. The patient is upright with the left lateral 
chest against the vertical image receptor and the arms extended upward for unobstructed visualization of the upper 
lungs. The X-ray beam travels through the patient from right to left for a left lateral chest radiograph. (Bottom) 
Graphic shows proper left lateral chest radlographlc collimation for imaging the lungs and mediastinum. The white 
target sign shows the centering of the X-ray beam. The blue overlay represents the collimated X-ray beam that 
extends from the cervical airway superiorly to below the costophrenlc angles inferiorly and includes the anterior and 
posterior skin surfaces. The structures of the left chest (shown in color) are closest to the Image receptor and 
experience the least magnification. 



CHEST OVERVIEW 
LEFT LATERAL CHEST RADIOGRAPHY 
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( lop) Well-positioned normal left lateral chest radiograph. The upper extremities are not visible. The hila are 
centrally located. The thoracic intervertebral disks are visible. The posterior ribs are superimposed and project behind 
the vertebrae. There is minimal magnification of the left posterior ribs, which appear sharper and smaller than the 
right posterior ribs. Proper collimation allows inclusion of the lung apices, the posterior costophrcnic angles and the 
anterior and posterior skin surfaces. (Bottom) Poorly positioned left lateral chest radiograph. The skeletal and soft 
tissue structures of the upper extremities obscure the anterior lungs and mediastinum. Rotation prevents 
superimposition of the posterior ribs. The right posterior ribs appear larger and project behind the left posterior ribs. 
The right costophrenic angle projects posterior to the left. I 
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CHEST OVERVIEW 
AP CHEST RADIOGRAPHY, POSITIONING & COLLIMATION 
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(Top) Graphic shows proper positioning for supine AP chest radiography. The patient's back is against the 
radiographic cassette, the upper extremities are by the patient's sides. Internal rotation of the shoulders will minimize 
the degree of superlmposition of the scapulae on the lateral upper lungs. The X-ray beam travels through the patient 
in an anteroposterior direction. The heart and anterior chest structures are farthest from the cassette and experience 
some magnification. (Bottom) Normal AP chest radiograph. The heart and great vessels appear mildly magnified. 
The clavicles show a horizontal course and their medial portions obscure the lung apices. The medial scapulae project 
over the lateral aspects of the lungs. Note that exposure factors and collimation are optimal with visualization of 
retrocardiac vertebrae and vessels and retrodiaphragmatic vessels. 



CHEST OVERVIEW 
P O R T A B L E A P C H E S T R A D I O G R A P H Y , T R A U M A & I N T E N S I V E C A R E 
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( l o p ) Supine bedside (portable) AP chest radiograph. Portable radiographs are used for imaging debi l i tated, seriously 
i l l and traumatized patients. AP chest radiographs i n t h e set t ing of t rauma are o f ten compromised by technical 
factors related to over ly ing radio-opaque mon i to r i ng and stabi l iz ing devices. However, they provide a qu ick 
assessment of the integr i ty of the thoracic structures and the posit ion of l i fe support devices. (Bo t tom) Bedside AP 
chest radiography is opt imal for imaging neonates and infants, part icularly those w h o are seriously i l l due to 
congenital lesions and/or prematuri ty. One day o ld infant b o m at 31 weeks gestation is undergo ing treatment for 
prematur i ty and m i ld respiratory distress syndrome. Portable radiography allows assessment of l i fe support devices 
(endotracheal tube, umbi l ica l artery/vein catheters) and pu lmonary parenchyma. I 
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PA & AP CHEST RADIOGRAPHS 
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Medial right clavicle 

Medial left scapula 
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(Top) First of four normal radiographs of the same patient. On the I'A chest radiograph, the heart and mediastinum 
are closest to the image receptor and undergo the least magnification. The medial clavicles curve inferiorly and do 
not obscure the lung apices. The scapulae are rotated laterally and do not obscure the lateral aspects of the lungs. 
(Bottom) On the AP chest radiograph, the heart and mediastinum appear slightly larger as they are farthest from the 
image receptor and undergo some magnification. The clavicles exhibit a horizontal course and their medial aspects 
obscure the lung apices. The medial portions of the scapulae overlie the lateral aspects of the lungs. 
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CHEST OVERVIEW 
INSPIRATORY AND EXPIRATORY CHEST RADIOGRAPHS 
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( lop) Normal PA chest radiograph obtained at full inspiration shows optimal visualization of the lung bases and the 
retrocardiac and retrodiaphragmatic lung. A portion of the 8th anterior right rib is visible through the lung and 
projects above the hemidiaphragm. A portion of the 10th posterior left rib is visible through the lung and projects 
above the hemidiaphragm. (Bottom) Normal PA chest radiograph obtained at end expiration shows low lung 
volumes. The lung bases are partially obscured with increased basilar density and vascular crowding with resultant 
poor visualization of the retrodiaphragmatic lung. A portion of the right 6th anterior rib is visible through the lung 
and projects above the hemidiaphragm. A portion of the left 9th posterior rib is visible through the lung and projects 
above the hemidiaphragm. 



CHEST OVERVIEW 
LATERAL DECUBITUS CHEST RADIOGRAPHY, POSITIONING & COLLIMATION 
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(Top) Graphic shows proper lateral decubitus PA radiographic collimation for Imaging the lungs and mediastinum. 
The white target sign shows the centering of the X-ray beam. The blue overlay represents the collimated X-ray beam 
that extends from the cervical airway superiorly to below the costophrenic angles interiorly and includes the left and 
right skin surfaces. The thorax is elevated on a radiolucent pad to ensure Inclusion of the dependent pleural surface 
and chest wall. The antenor structures of the chest (shown in color) are closest to the image receptor and experience 
the least magnification. (Bottom) Normal left lateral decubitus radiograph shows a larger lung volume in the 
non-dependent right lung and volume loss manifesting as increased density in the dependent left lung. There is no 
pleural thickening or fluid. 



CHEST OVERVIEW 
APICAL LORDOTIC CHEST RADIOGRAPHY, POSITIONING O 
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(Top) Graphic shows proper positioning for AP apical lordotic chest radiography. The patient Is upright with the 
posterior shoulders against the vertical image receptor, the arras are internally rotated to move scapulae away from 
the lungs. The X-ray beam travels through the patient from anterior to posterior and is centered at the manubrium 
sternum and oriented superiorly at a 20° angle from the horizontal plane. (Bottom) Normal apical lordotic chest 
radiograph projects the medial aspects of the clavicles off the lung apices. Note that the apex is partly obscured by 
the anterior aspects of the first ribs and their costochondral junctions in this case. The mediastinum is foreshortened 
and mildly magnified. The scapulae overlie a significant portion of the lateral lungs. I 
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CHEST OVERVIEW 
RADIOGRAPHIC DENSITIES 

Fat density 

Air density' in lung 

Water density in 
subcutaneous tissues & 

liver 

Fat density ' 

Air density in lung 

Water density (soft — 
tissue) in mediastinum 

Water density in 
abdomen 

r Metal density in left 
marker 

Metal (calcium) density 
in bone 

Air density in stomach 

Metal density (calcium) 
in skeleton 

Water density in soft 
tissues 

— Air density in bowel 

- Metal density in 
clothing (snap) 

(Top) Normal PA chest radiograph shows the four radiographic densities. Air is present in the lungs bilaterally and 
within the stomach. Water (or soft tissue) density is seen in the mediastinum, abdomen and subcutaneous tissues. 
Fat density is visible between the normal soft tissues of the upper thorax. Metal density is noted in the skeletal 
structures (calcium) and the metallic left marker. (Bottom) Normal PA chest radiograph shows the four radiographic 
densities. Air density is present in the lungs and within bowel. Water (soft tissue) density is seen in the mediastinum, 
abdomen and subcutaneous soft tissues. Fat is more difficult to demonstrate in this thin patient but is present 
between the normal soft tissues of the upper chest. Metal is represented by the skeletal structures (calcium), the 
metallic left marker and a snap on the patient's gown. 



CHEST OVERVIEW 
RADIOGRAPHIC DENSITIES, MEDICAL DEVICES 
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( lop) First of two chest radiographs of a patient with a bivcntricular pacemaker and automatic iinplaritable 
cardioverter defibrillator with a battery pack. Orthogonal radiographs allow accurate assessment of the integrity and 
position of medical devices. PA chest radiograph shows two pacer leads in the right ventricle and one in the coronary 
sinus. Ihe metallic battery pack obscures visualization ot the left mid lung. There is cardiomegaly and tortuosity and 
calcification of the thoracic aorta. The lungs are clear. Sternal wires are present (Bottom) Left lateral chest 
radiograph shows two right ventricular leads and a third lead in the coronary sinus. The left lung behind the battery 
pack is now visible although superimposed on the contralateral right lung. Cardiomegaly, aortic tortuosity and 
calcification and sternal wires are again noted. I 
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CHEST OVERVIEW 
SILHOUETTE SIGN 
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(Top) First of two chest radiographs of a patient with imiltifocal pneumonia who presented with fever. AP chest 
radiograph shows right basilar airspace disease manifesting as increased hasilar opacity and obscuration of the right 
cardiac border. Left lower lobe airspace disease manifests with obscuration of the retrocardiac descending aorta. 
Multifocal pneumonia was suspected clinically and was confirmed on chest Cf". (Bottom) PA chest radiograph 
obtained two years earlier shows a normal appearance of the right lung base, visualization of the right cardiac border 
and a normal left lower lobe with visualization of the retrocardiac descending aorta. A right internal jugular catheter 
is also present. This case illustrates the value of the silhouette sign and the value of comparison with prior studies in 
the diagnosis of subtle radiographic abnormalities. 
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CHEST OVERVIEW 
ANATOMIC LOCALIZATION WITH ORTHOGONAL RADIOGRAPHS 
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(Top) first of two radiographs of the same patient. I'A chest radiograph shows a bullet over the soft tissues ot the 
upper abdomen to the left of Ihe midline. 1 here is blunting of the left costophrenic angle related to remote trauma. 
(Bottom) The orthogonal left lateral chest radiograph allows anatomic localization of the bullet in the soft tissues of 
the posterior left chest wall. The patient is rotated. Note that the bullet projects posterior to the sharper, smaller and 
anteriorly located left posterior ribs. The right posterior ribs appear less sharp and larger as they are farther from the 
IR. The right and left hemidiaphragms can be confidently identified based on their relationship to the corresponding 
ipsilatcral ribs. PA and lateral radiographs allow anatomic localization of imaging abnormalities. 



CHEST OVERVIEW 
DECUBITUS R A D I O G R A P H Y FOR EVALUATION OF COMPLEX PLEURAL DISEASE 

( lop) lirst of two chest radiographs of a patient with a left empyeina. I'A chest radiograph shows a large air-fluid 
level in the left inferior hemithorax. (Bottom) Left lateral decubitus chest radiograph shows a discrepant length of 
the air-fluid level (it appears longer than on the PA radiograph) indicating that the collection has an elongate shape. 
Note the thick medial wall of the air and fluid collection. The findings are characteristic of a loculated pleural 
collection. The presence of air indicates a communication with the tracheobronchial tree (bronchopleural fistula) 
and the findings are diagnostic of a complicated empyema. In this case, the lateral decubitus radiograph allows 
pleural localization of the abnormality and distinction from parenchymal disease. 



CHEST OVERVIEW 
LORDOTIC CHEST RADIOGRAPHY FOR EVALUATION OF APICAL LESION 
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('lop) First of two radiographs of a patient with a right apical mass. I'A chest radiograph coned-down to the right 
apex demonstrates an abnormal irregular apical mass and thickening of the medial aspect of the right apical pleura. 
(Bottom) AP apical lordotic radiograph coned to the right upper lobe allows Visualization of the medial aspect of the 
right apical lung by projecting the right medial clavicle and right first anterior rib above the lung a\xx. The 
spiculated lateral border of this right apical non-small cell lung cancer is now visible. 



CHEST OVERVIEW 
SILHOUETTE SIGN, LEFT LOWER LOBE AIRSPACE DISEASE 
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(Top) Hirst of two chest radiographs of a patient with left lower lobe consolidation. PA chest radiograph shows a left 
basilar air space opacity that obscures the left hemidiaphragm. While the left hemidiaphragm is not visible, its 
location is inferred by the presence of adjacent abdominal air-filled loops of bowel. The alveolar air in the left lower 
lobe has been replaced by an inflammatory process producing the silhouette sign. (Bottom) Lateral chest radiograph 
shows that the consolidation abuts the oblique fissure anteriorly and is located in the anteromedial basal segment of 
the left lower lobe. The left lateral chest radiograph allows identification of the left (least magnified) ribs that are 
closest to the IR and the ipsilateral left hemidiaphragm. 



CHEST OVERVIEW 
SILHOUETTE SIGN, RIGHT MIDDLE LOBE AIRSPACE DISEASE 
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( lop) First of two chest radiographs of a patient with right middle lobe atelectasis. PA chest radiograph shows air 
space opacity in the medial aspect of the right lower lung zone which obscures the right cardiac border. The location 
of the process can be inferred by the inability to visualize the right cardiac border while the right hemidiaphragm is 
visualized. Atelectasis has resulted in evacuation of the alveolar air from the right middle lobe producing the 
silhouette sign. (Itottom) Lateral chest radiograph shows a triangular opacity that projects over the heart and 
represents the atelectatic right middle lobe. I'ostero-interior displacement of the minor fissure and antero-superior 
displacement of the inferior aspect of the right major fissure are typical of right middle lobe volume loss and 
distinguish atelectasis from consolidation. 



CHEST OVERVIEW 
CROSS-SECTIONAL ANATOMY 
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Graphic shows the cross-sectional appearance of the mid thorax and illustrates visualization of numerous organs and 
tissues in cross-section. Cross-sectional imaging allows assessment of the various and diverse organs, structures and 
tissues of the chest. The soft tissues of the chest wall consist of skin, subcutaneous fat and chest wall muscles. 
Together with the skeletal structures, the soft tissues of the chest wall surround and protect the thoracic cavity and 
its internal organs and tissues. The apposed pleura! surfaces form the pleural space. The pulmonary arteries and veins 
course through the lungs. The mediastinal fat, mediastinal vascular structures, esophagus, central tracheobronchlal 
tree and lymph nodes are also depicted. 



CHEST OVERVIEW 
AXIAL CT, CROSS-SECTIONAL IMAGING 
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(lop) Normal contrast-enhanced chest CT (lung window) allows evaluation of the lungs, pulmonary vasculature, 
central tracheohronchial tree and pleura] surfaces. The mediastinum and chest wall are poorly evaluated in this 
window setting. (Middle) Normal imenhanced chest CT (mediastinal window) allows evaluation of the soft tissue 
structures of the mediastinum and the soft tissues and skeletal structures of the chest wall. The pulmonary 
parenchyma, pleura and central tracheohronchial tree are not well evaluated. (Bottom) Normal contrast-enhanced 
chest CT (bone window) allows optimal assessment of the skeletal structures with visualization of their cortices and 
marrow spaces. Note improved skeletal visualization when compared to the mediastinal window image (previous 
image). This window setting is also useful for evaluation of calcifications and metallic medical devices. 
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UNENHANCED & CONTRAST-ENHANCED CT 
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(Top) l-irst of two normal chest CT images through the heart. Unenhanccd chest CT (mediastinal window) shows the 
heart surrounded by epicardial fat and contained within the pericardium. The inferior pulmonary veins are visible 
bilaterally. Note that individual cardiac chambers cannot be resolved. (Bottom) Contrast-enhanced chest CT 
(mediastinal window) shows excellent visualization of the inferior pulmonary veins, pulmonary arteries and cardiac 
chambers. The interventricular septum and the left ventricular myocardium are well demonstrated. 
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CHEST OVERVIEW 
SECTION THICKNESS & HIGH-RESOLUTION CT 
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(Top) Hrst of two images of a normal contrast-enhanced chest CT. Conventional chest CT (lung window) with 5 m m 
slice thickness shows adequate visualization of the lung parenchyma, pulmonary vasculature and tracheobronchial 
tree. The major fissures are visible as avascular bands coursing ohiiquely through the lungs. (Bottom) HRCT with 1.2 
mm slice thickness at the same level as the previous image shows improved visualization of pulmonary detail. The 
left major fissure is now seen as a distinct line. There is improved visualization of the bronchial walls and sharper 
outlines of the pulmonary vessels. 
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SUPINE & PRONE HRCT 
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(lop) l-'irst ot two images of a normal HKCT in a patient with mild dyspnea. Supine HRCI" shows posterior subpleural 
ground-glass opacity that is more prominent on the right. There is no architectural distortion or other abnormality, 
(bottom) I'rone HKCT image shows complete clearance of basilar subpleural ground-glass opacities and confirms that 
they related to dependent or supine atelectasis. 
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CHEST OVERVIEW 
INSPIRATORY & EXPIRATORY HRCT 
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(Top) First of two images from a normal HRC7T. Inspiratory high-resolution C r (coronal reconstruction) shows 
normal homogeneous pulmonary attenuation. Note excellent visualization of vascular structures, central bronchi 
and pleural surfaces. (Bottom) Expiratory HRCT (coronal reconstruction) at the same level as the previous image 
shows elevation of the hemidiaphragms. decrease in lung volume and increased heterogeneous attenuation of the 
lung parenchyma. Although lung attenuation is heterogeneous, there is no evidence of air trapping. In this case, t he 
right lung apjiears slightly more lucent than the left on expiratory imaging. 
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CT ANGIOGRAPHY, CORONAL & SAGITTAL RECONSTRUCTIONS 
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(Top) First of two images from a normal CT angiogram of the chest. Coronal CT angiogram (mediastinal window) 
allows visualization and evaluation of the cardiac chambers and the vascular lumens of the thoracic great vessels. CT 
angtography also allows assessment of the peripheral pulmonary vasculature for exclusion of pulmonary 
thromboembolic disease. (Bottom) Sagittal CT angiogram (mediastinal window) allows visualization of the 
descending thoracic aorta and its branches. Note visualization of the right ventricle, the right ventricular outflow 
tract, and the right and left main pulmonary arteries. Multiplanar reconstructions of CT angiogranis allow exquisite 
visualization of the vascular lumens and cardiac chambers for evaluation of luminal enlargement, endoluminal 
thrombus or tumor, vascular disruption and congenital anomalies. 



CHEST OVERVIEW 
CT, VOLUME RENDERED TECHNIQUES 
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(Top) First of two volume rendered CT images of the chest. The coronal volume rendered CT image of the anterior 
chest shows the pulmonary vasculature and the superior extent of the pericardium. (Bottom) Posterior coronal 
volume rendered CT image display allows distinction of pulmonary veins from pulmonary arteries and shows 
portions of the descending thoracic aorta. 



CHEST OVERVIEW 
AXIAL M R , CROSS-SECTIONAL IMAGING 
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(Top) Axial cardiac gated MR through the aortic arch shows excellent contrast resolution that allows evaluation of 
mediastinal and chest wall structures. Note the distinction of the mediastinal and subcutaneous fat from adjacent 
soft tissue structures. Visualization of the lungs is less optimal and is mildly compromised by motion. (Bottom) Axial 
cardiac gated MR through the pulmonary trunk shows the value of MR in the evaluation of thoracic vascular 
structures without tfie use of lodinated contrast. The internal mammary vessels are also demonstrated. 



CHEST OVERVIEW 
CORONAL & SAGITTAL M R , CROSS-SECTIONAL IMAGING 
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(Top) Coronal cardiac gated chest MR shows outstanding imaging of the mediast inum and d iaphragm. Note the 
excellent visual izat ion of the cardiac chambers and ventr icular myocard ium. The per icardium is part icular ly well 
visualized in this case. (Bo t tom) Sagittal cardiac gated chest MR shows exquisite visual ization of soft tissue structures 
in the chest wal l . MR is used as a problem solving modal i ty for assessment of mediast inal and chest wal l tumor 
invasion and is part icular ly useful for staging apical tumors. 
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CT EVALUATION OF APICAL LESIONS 
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(Top) First of three images of a patient with a right apical non-small cell lung cancer. I'A chest radiograph shows the 
right apical mass and elevation of the ipsilateral right hemidiaphragm. While this lesion can be better visualized with 
apical lordotic radiography, CI" is the method of choice for the evaluation of thoracic malignancies. (Middle) Chest 
CT (lung window) shows the right apical tumor and its spiculated lateral border. Note bilateral upper lobe 
centrilobular emphysema. (Bottom) Chest (~T (mediastinal window) demonstrates the soft tissue mass with punctate 
internal calcification. There is no tissue plane between the mass and the adjacent mediastinum, a finding that 
suggests direct mediastinal involvement by the lesion. CT allows lesion localization and characterization and is used 
for pre-operative staging of patients with lung cancer. 
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