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General principles

Interpretation
silhouette sign
basic patterns



|deal interpretation

Chest X-Ray systematic
approach

Inside-Out approach Abnormality

- Heart

- Mediastinum + Hili
- Lungs

- Thoracic wall

- Abdomen

Pattern

Diff diagnosis

apex,hilum, retrocardiacregions, below

diaphragm dome, just inside the chest wall
https://radiologyassistant.nl/chest/chest-ray/




The birth of silhouette sign

A Anintrathoraciclesion of
the heart or aorta wil' that border
on the roentgenogram;

A Anintrathoraciclesion
with a border of the heart or aorta
will that border.

FelsonB, FelsonH. Radiology. 1950;55:3631.



In Memoriam

Benjamin Felson, MD
1913-1988

Dr Benjamin Felson, one

of the outstanding diag-

nostic radiologists of his

time, died suddenly of a

heart attack October 22,

1988, while working on a

manuscript. At his death W)

he was professor emeritus

of radiology at the Uni- N

versity of Cincinnati Col-

lege of Medicine, where s

he had served as director

of the department of radi- s

ology for 22 years. He vol- '

untarily relinquished this "

position, but continued

actively as professor of radiology under the aegis of the

distinguished colleague he had trained, Dr Jerome H.

Wiot. Dr Felson gave the University of Cincinnati 50

years of dedicated service, establishing a department of
radiology whose name and fame were recognized ev-
erywhere.
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abroad, and the lectures and seminars he presented
must have numbered in the hundreds. He gave no less
than 32 named lectures, honoring the most prestigious
individuals in the history of radiology. He was granted
honorary membership in at least 14 U.S. medical societ-
ies (mainly radiologic) and in 20 societies in various
foreign countries. Just before he died he was accorded
honorary membership in the Chinese Radiological As-
sociation, a rarely given award for a foreign radiologist.
The number and importance of the awards and hon-
ors bestowed on him were legion. He was given the
highest honors by most of the important radiologic so-
cieties. These included Gold Medals from the Radiolog-
ical Society of North America and the American Col-
lege of Radiology. In addition, a special award for out-
standing service and contributions was given him by
the American Roentgen Ray Society. He was also
awarded an Honorary Fellowship in the Royal College
of Radiologists of Great Britain, a prestigious award
granted to only a handful of Americans. One of the
most significant reflections of his reputation was his se-
lection as both the Caldwell lecturer of the ARRS and
the lecturer of the annual oration of the RSNA. Under
the aegis of the ACR, Dr Felson was videotaped several
ears ago as a_“living legend” in radiology, a truly ap-

Jacobson HG. In memoriam BenjarReison 19131988. Radiology. 1989;170:887



HISTORY OF MEDICINE

The CT Scan after 50 Years — Continuity and Change

Joel D. Howell, M.D., Ph.D.

ifty years ago, in 1971, the
first computed tomographic
(CT) scan revealed a frontal lobe

JR R 52
Hounsfield unit

KA

TONIOr 11 & Zl-year-oia. womnnan.
The scan was performed in a town
best known for an annual tennis
tournament (Wimbledon, Eng-
land), and the machine was man-
ufactured by a company best
known for music recordings (EMI).
EMI had become extraordinarily
successful by selling the music of
a popular English band known
as the Beatles. Like many Beatles
songs, the CT scanner was an in-
stant hit.! Only 8 years later, the
Nobel Prize in Physiology or Med-
icine was awarded to two pioneer-
ing researchers who had helped
develop the machine, Godfrey
Hounsfield and Allan Cormack.??
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ineffable bodily humors, mani-
fested by symptoms that patients
relayed to their caregivers. But out
of the chaos of postrevolutionary
France arose the notion that dis-
ease was not an imbalance in hu-
mors but entailed actual physical
lesions, and that these lesions
could be identified in a living
body. In 1816, when René Laennec
invented the stethoscope in Paris
hospitals, he did more than cre-
ate a useful tool that can be con-
sidered an exemplar of the ways
in which physicians localize le-
sions within the body — he de-
scribed a new way of conceptual-

izing disease.?

This change had enormous
implications. For if disease could
manifest not only as patient-

of the body could block the rays
from reaching another part. The
bones in the head made it essen-
tially impossible to create an im-
age of the brain using x-rays. The
CT machine offered a solution to
the second problem by creating
three-dimensional images with no
overlap of structures. It also de-
rived useful information by mea-
suring variation in tissue density.
In one sense, the CT scan was just
another development in a centu-
ries-long quest to more precisely
visualize lesions in the human
body.

On the other hand, the inven-
tion of the CT scanner marked a
radical change. For the first time,
digital computers were integral
to acquiring and analyzing medi-

Howell JD. NEnglJ Med. 2021;385:108.
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Use of silhouette sign
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HanselDM et al.Imaging of Diseases of the Chést,Edition



alrspaceopacity
atelectasigollapse
mass/nodule
linear/bandline opacity

cystsbullae

nodular/reticulonodularopacity and
honeycombing

HanselDM et al.Imaging of Diseases of the Chést,Edition



Basic4 CXR Patterns

: nodule
. Interstitial

3

Multifocal ill-defined

Interstitia

Atelectasis
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Fine Nodular’ plitary Pulmonary Noaulg ultiple Masses .
https://radiologyassistant.nl/chest/chest-ray-lung-disease
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Mimicker of alrspace opacity

Extrapulmonary
Intrapulmonary



Mimicker of alrspace opacity

Soft tissue Poorinspiration

Foreignbody Mass
Pleuraleffusion Atelectasis

Pericardial fat GGO




Mimicker of airspace opacity

61F, female breast with |
bilateralmammoplasty

79M, prostate cancer s/p hormonex
with gynecomastia




Mimicker of airspace opacity

supine pleural effusio h
and skin fold |
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Mimicker of airspace opacity

Lt back hematome pericardial fat




Mimicker of airspace opacity

poor inspiration

KirchnerJ.Chest Radiologyaw S & A Rviuylal, BEdition



Mimicker of airspace opacity




Mimicker of airspace opacity

left lungatelectasis

endometrial cancer with lunmets
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Spectrum of airspace opacity



Alrspace opacity

A Replacement of air in the:
by fluid fransudatd exudatépus/blood)
or other material (tumor/protein)

Pa

A of the gross
morphology of lung

HanselDM et al.Imaging of Diseases of the Chést,Edition



Alrspace opacity

number one or multiple, may coalesce.
margin lll-defined

vascular marking indistinctor invisible
shape conical/segmental/wedge
location often peripheral

HanselDM et al.Imaging of Diseases of the Chést,Edition



Glossary of Terms for Thoracic Imag

Fleischner Society: Glossary of
Terms for Thoracic Imaging’

Radiology
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David M. Hansell, MD, FRCP, FRCR
Alexander A. Bankier, MD

Heber MacMahon, MB, BCh, BAD
Theresa C. McLoud, MD

Nestor L. Muller, MD, PhD update the previous versions came from the recognition
Jacques Remy, MD that new words have emerged, others have become obso
lete, and the meaning of some terms has changed. Brief

Members of the Fleischner Society compiled a glossary of
terms for thoracic imaging that replaces previous glossa
ries published in 1984 and 1996 for thoracic radiography

and computed tomography (CT), respectively. The need to

1|E'HI.'I'-IFI1iIIII‘-i HF SOIme I|i.‘i|.'il‘-il".‘- e ill('lll(il'll. iIII(I Flit'1ill'i}]|
examples (chest radiographs and CT scans) are provided

for the majority of terms,

S HENA, 2008

HansellDM et al. Radiology008;246:697722



Alrspace opacity

consolidation(*) exudatdpus/blood/tumor; obscurevascularity
ground glasspacity(*) different definitionfor CXR/CT
acinarshadow acinui’i) rjo[maIIAy not visible;
acinarnodule(*) poorlyR S U yw&lRles pathologically

air bronchograng*) alrway patency + alveolar doss

air alveologram

*) in FleischnelSociet *HanselDM et al. Radiology. 2008;246:6922.

HanselDM et al.Imaging of Diseases of the Chét,Edition



Alr bronchogram

A Air within through airless
parenchyma

ALYRAOI OGAY 3 daAyUdN LIz
» —

HanselDM et al.Imaging of Diseases of the Chést,Edition



Cause of albronchogram

consolidation/pneumonie BAC(formerlygalled/lymphoma
pulmonary edema severe fibrosis (UlIP/radiatiosarcoidosis
ARDS/RDS Postobstructivgoneumonia
atelectasigcompressive)

_ARDS]

Natt B, et al. NEngld Med. 2015:373:266
HanselDM et al.Imaging of Diseases of the Chést,Edition




Anatomical unit of the lung

terminal  respiratory alveolarduct/sac
bronchiole bronchiole & alveolus

2Apulmonarylobule + + +
(1-2.5cm)
= 325acini

acinus(0.6-1cm)

1Apulmonary lobule

Webb WRRadiology 2006; 239:323.



acinar artery and bronchioles
diameter 0.5 mm
bronchiole wall thickness 0.05-0.1 mm
S /ﬁk interlobular septa
acinus _ ] - thickness 0.1 mm
0.6-1cm ~— z-ACINUS X
‘ - visceral pleura
0T = thickness
espiarory SN T
ole ¥ 0.1 mm erminal
bronchiole / \\/ bronchiole
terminal - § S N Pulmonary
bronchicle 4/ \Q \ Pulmonary - arteriole
/ A venule / Lymphatic
lobular bronchiole ./~ \Y ¥ SPL / vessel
(preterminal bronchicle) | -~ Elastc —————= / Respirato
diameter 1 mm / ¢ connective bron%hiolery
wall thickness 0.15 mm// _‘_/‘ tissue
Y - pulmonary
lobular artery vein diameter Alveolar
1em diameter 1 mm 0.5 mm ducts
A
Pulmonary
capillary
. / ) —— Alveolar
Visceral { sac
pleura
Alveoli

Diagram of a portion of a lobule of the lung

Webb WRRadiology 2006; 239:324.
RajuSet al. Chest. 2017;151(6):138G374.
GrudenJF et al. Chest. 2020;157(3):6435.



Acinarshadows

A lll-defined nodular shadows)( ) within
or adjacent to the larger opacities of airspace
filling

A Particularly with pulmonary edema or
Infection (notablyvaricellaor TB)

A Due to contrasted against
aerated lung

A D/D with othermicronodularchange

HanselDM et al.Imaging of Diseases of the Chést,Edition
KirchnerJ.Chest Radiologyaw S & A Rviauylal, 1 BtEdition



TB,acinarshadowsf, TB, confluenticinarshadows

HanselDM et al.Imaging of Diseases of the Chést,Edition



Alr alveologram

Small roundeducencies
srroundedby opaque lung

In areas of incomplete consolidation

> I>» >

: 4 ; |
Murray & Nadel'sTextbook of Respiratory Medicine! &dition
HanselDM et al.Imaging of Diseases of the Chést,Edition



Acinarshadows + Aialveologram

alveolar edema in AK

KirchnerJ.Chest Radiologyaw S & A Rviuylal, BEdition



Incomplete consolidation

Honeycomb appearance
emphysema (or COPD)

™ >» >

ZiskindMM, et al. Ann Intern Med. 1970;72:83%.



Ground glass opacity (GGO

A CXR
| area of hazy increased lung opacity, usually

extensive, withinvhich margins of pulmonary
vesselsnaybe

AHRCT

I Increase In attenuation of the lung parenchyma
of the underlying
bronchovasculastructures

HanselDM et al. Radiology. 2008;246(3):6922.
HanselDM et al.Imaging of Diseases of the Chét,Edition



Fundamental CPatterns

A GGO: A h
A Consolidatioty A h
Figure 23 Figure 19

Figure 19:  Transverse CT scan shows multifo-
cal consolidation.

Figure 23:  Transverse CT scan shows ground-
glass opacity.

HanselDM et al. Radioloqgy. 2008:246(3):6972.



Normal secondary pulmonary lobule

partial filling  minterstitium
partial collapse mmblood flow

Partial collapse of alveoli

GGO D/DA

Sharma Aet al. NEnglJ Med. 2020;10.105



Pathology incomplete filling of alveol active inflammation
fine (ntralobular) fibrosis

Radiology consolidation GGO  (isolated)
(Chest CT consolidation  GGO GGO (diffuse)
GGO consolidation pleural effusion

lungedema(A) Interstitial pneumonitis(C)
pneumonia (B) 6 OA NHzaA K R NHz3 K |

Wallace Miller Jr. Diagnostic Thoracic Imagitigd& Personal Opinio
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Alrspace opacity

GGO . consolidation
alr
bronchogram
alr
alveologram
>
00 acinar
o0 shadow

HanselDM et al.Imaging of Diseases of the Chést,Edition



Diagnosis of airspace opacit

Algorithm/Pattern
Reasoning/Information
Special pattern



:EE[‘E failure Pneumonia Trauma
) Goodpasture Drgamzmg pneum.
Content Of low albumin Henoch Schénlein | Chron eosinophilic
the alveoli| volumeoverload SLE Sarcoid
renal failure

| Diffuse | tobar __|Multipleilldefined

Lobar pneumonia Bronchopneumonia
. Heart failure + Streptococ. Pneum. . Staphylomccus
1.. «volume overload + Klebsiella ' LEE!GHEHE .
+ low albumin * Aspiration © Gram negative

* Streptoc. Pneum.
+ Klebsiella

* Pseudomonas

+ Anaerobe

« PCP

« TB

+ renal failure
+ ARDS

1_ Content » Transfusion reaction
2. Pattern e

Hemorrhage
« Contusion
+ Infarction

P Gram-negative Dtgzrcs pr-
. - . » Septic emboli
3. Chronicity - PCP . Lymphoma . Wegener's
+ viral - fungal » Organizing Pneum. Neoplasm
W * Eosinophilic pneum. . BAC
H;’:’:"ﬁage » Sarcoidosis + Lymphoma
m + Henoch-Schonlein + Metastases
- : oA + Wegener
neumonia - Goodpasture i i
hesition Lymphom p Batwing Reversed Batwing

Infarction Organizing pneum. BAC Edema Broncho-alv. carcinoma
Edema Eosinoph. pneumonia Lymphoma Bact pneumonia Organizing Pneum (BOOP)
Alveolar proteinosis Organizing pneum. PCP Eosinophilic pneumonia

Eosinophilic pneum. viral pneumonia Sarcoidosis
Hypersensitivity pneum Radiation

https://radiologyassistant.nl/chest/chest-ray/

Sarcoidosis




Radiological reasoning

Infection

Neoplasm Lung as a unit
Trauma Intervening normal lung Systemic disorder
Infarction D/D as focal lung disease Toxic lung injury
Focal Multifocal Diffuse

pulmonary systemic
Lobar pneumonia Mutifocal pneumonia ARDS

Wallace Miller Jr. Diagnostic Thoracic Imagitigd& Personal Opinion



SECTION SEVEN
Diagnostic Procedures

FOURTH EDITION

CHAPTER

VOLUME ONE & TWO

Alfred P. Fishman
Jack A. €lias

Jay A. Fishman
Michael A. Grippi
Robert M. Senior
Allan I. Pack

Radiographic Evaluation of the Chest

Wallace T. Miller

|. GENERAL ASPECTS
Routine Examination
Supplementary Plain Radiographs
Laminography
Fluoroscopy
Computed Tomography
Nuclear Magnetic Resonance
Contrast Examinations
Pulmonary Angiography
Aortography and Systemic Arteriography
Air Contrast Studies

. PULMONARY ARTERIES AND VEINS
Distribution of Pulmonary Blood Flow

. DISTRIBUTION OF AIR WITHIN THE LUNGS
Obstructive Airway Disease
Heart Failure Complicating Chronic Bronchitis and
Emphysema

Radiographic evaluation of the chest constitutes an important
component in assessment of the patient with known or sus-
pected pulmonary disease. In fact, the chest radiograph may
provide the earliest or only clue to the presence of clinically
significant respiratory disease. This chapter provides a brief
overview of chest radiology. First, general aspects are covered;
use of more specialized techniques, including computed to-
mography, nuclear magnetic resonance, and arteriography,

. DISEASES AFFECTING THE PULMONARY
PARENCHYMA
Localized Alveolar Disease
Diffuse Alveolar Disease
Interstitial Lung Disease
The Solitary Nodule
Multiple Pulmonary Nodules
Left Ventricular Failure

. THE MEDIASTINUM
. DIAPHRAGM AND CHEST WALL
. PLEURA

Pleural Effusions

Pleural Thickening

Pleural Nodules
Pneumothorax

VIIl. PORTABLE CHEST EXAMINATION

is highlighted. Subsequently, radiographic manifestations of

diseases that affect the distribution of pulmonary blood flow,
the airways, and the lung parenchyma are considered. Finally,
disorders are reviewed that are predominantly or exclusively
confined to anatomically distinct areas of the thorax, includ-
ing the mediastinum, diaphragm and chest wall, and pleura.
Throughout the presentation, examples of radiographs are
provided to highlight the principles and disorders discussed.

Copyright © 2008, 1998, 1988, 1980 by The McGraw-Hill Companies, Inc. Click here for terms of use.
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#1 Diffuse airspace opacity

Fever, cough
Poorconsciousness
Immunocompromised
Hemoptysis

Longerthan weeks

Wallace Miller Jr. Diagnostic Thoracic Imagitigd
HanselDM et al.Imaging of Diseases of the Chest,Elition




Cardiogenidung edema

baselineredistribution MM interstitial edema L alveloaredema L




Cardiogenidung edema

Koga T, etal. Engld Med. 2009;360:153¢



Vascular
‘pedicle width
(VPW)

erect normal: 48J5mm

supine ~ 70mmIlh
lung edema

Milne EN et al. Radiology. 1984;158.1



Posthanging obstruction @88 22hr later |
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Noncardiogeni
lung edema

KuoJSRuanSY, et al. AmRespirCritCare Med. 2021 Jun 1



Cardiogenidung edema

R<4

24hr later afterdiuersis




Cardiogenidung edema

BOUUS FNilps Healthcare 115 1.0 1UI3D11Y AM

chordaetendinaewith
eccentriamitral regurgitation
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Diffuse Alveolar Consolidation

PNEUMONIA pitfuse pneumonia® EEpattern(interstitial/GGO/ TABLE1-2
alverolar),D/D&B—#i: PIP,Virus,Excessive aspiration | Pneumonia That May Produce Diffuse

Pneumonia commonly results from bacterial infection and usu- Alveolar Consolidation

ally produces a unifocal or few scattered focal alveolar opaci-

ties on chest radiographs and CT scans, Recognition of a diffuse

Fungal
Pretonocysiis firnneci

pulmonary abnormality in the setting of a suspected pneumao- Viral

nia should prompt investigation for less common etiologies of Influenza A and B viruses
pulmonary infection. The differential foq diffuse pneunu‘.o-mas 15 Adenovirus

similar regardless of the specific diffuse pattern. Diffuse patiems Herpes simplex virus

that are assm:iutsd with pneumonia include the linear interstitial Varicella-zoster virus

pattern, diffuse ground-glass pattern, and diffuse alveolar pat-
tern. In general, those cases manifesting as lin®ar interstitial or

Hantavirus pulmonary syndrome
Serious acute respiratory syndrome
Other viruses

diffuse ground-glass patterns tend to be milder and those ap- Bacterial
pearing as diffuse alveolar patlerns are more severe infections, Aspiration pneumonia

The pneumonias that most commonly appear as diffuse alveolar
opacities are Preumocystis jiroveci pneumonial (PCP) fand| viral
pneumonias (Table 1-2). These viruses include influénza, aden-
ovirus, herpes simplex, and varicella-zoster. The only bacterial
preumonias that commonly appear as a diffuse alveolar process
are thosg secondary to excessive aspiration.

Wallace Miller Jr. Diagnostic Thoracic Imaagified.



Pneumoniawith ARDS

40M, CRAB pneumonia with AR 55F, SWinS‘ﬂu ARD
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Pulmonaryhemorrhage

P-ANCAvasculitiswith
pulmonaryrenal syndrome




Pulmonaryhemorrhage

pP-ANCAvasculitis




Pulmonaryalveolarproteinosis

PATHOLOGICAL DIAGNOSIS
1. Lung, RB3, biopsy, no specific change
2. Lung, RB8, cryobiopsy, alveolar proteinosis




#2 Isolated diffuse GGO

Miller WT JrAJR Am J Roentgenol. 2005 Feb:184(2 221



