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P R E FAC E 

Despite the conti n u i ng development and i ncreasing soph ist icat ion of computed 
tomography (CT) and magnetic resonance imaging (MRI), the chest x-ray 
(CXR) is sti l l  the most frequently requested rad iology i nvestigation in a genera l 
hosp ita l .  Swift ly, i nexpensively, and with a h igh degree of accuracy the CXR 
enab les the physician to detect or ru le out  numerous disorders, d i seases 
and abnormal i t ies .  It w i l l  a lso help to exc lude several serious therapeutic 
compl ications. A norma l CXR w i l l  time and aga in  provide val uable c l i n ica l 
reassurance. The CXR remains  the most appropriate examination i n many 
c i rcumstances- i t  is a bedrock imaging test . 

Yet there is an important caveat. Accurate CXR i nterpretat ion requ i res a 
sound u nderstand ing of basic princip les. The i ncreas ing re l iance on CT and 
MRI  has caused these essent ia l  competencies to become neglected. They are i n  
danger o f  bei ng lost a l together. The a im of th is book is to ass i st i n  rever i ng th i s  
trend, by provid i ng a conven ient and i nformative white coat pocket gu ide to 
complement the numerous excel lent bench reference vol umes . 

The structure of this book derives from the Rad iology Red Dot teach i ng 
course "The CXR: A Survival Course" (www.rad iology-courses .com), and from 
the regu lar  questions and concerns of its partic ipants . Part A concentrates on 
the core know ledge-descr ib ing normal and abnormal thorac ic anatomy, CXR 
appearances occur i ng with several common conditions, and a l so CXR fi nd i ngs 
in the i ntens ive care and neonata l i ntens ive care un its .  Part B focuses on specific 
c l i n ica l  problems- i nclud ing those CXR appearances about wh ich our students 
most frequently seek gu idance. 

The Engl ish author C.C. Colton identified th ree difficu lties i n  authorsh i p: 
to wr i te anyth ing worth pub l i sh ing, to fi nd honest people to publ i sh it, and to 
get sens ib le people to read it. In attend i ng to these we added our own fourth 
requ i rement. . .  to find an outstanding med ica l i l l ustrator. Exp lanatory draw ings 
were a lways c ruc ia l  to achieving our ma i n  goa l -to descr ibe and expla i n  how 
assessment of the CXR depends upon an i nformed and organ ised ana lyt ica l 
approach .  Happ i l y, we found that exceptiona l i l l ustrator, Ph i l i p  Wi l son . 

F ina l l y, a couple of q u ick notes about our use of language. We use the word 
"physic ian"  to i nc lude a l l  medical doctors (rather than j ust those covered by the 
paroch ia l  Br it ish usage of the word). Our choice of pronoun (he or she) occurs 
randomly and arbitrar i ly  throughout the book. 

Whether you are a sen ior doctor, a doctor in tra in ing, or a med ica l student 
l earn ing the fundamenta l and important aspects of our craft, we hope that you 
w i l l  have as much enjoyment read ing and us ing this book as we had creating i t .  

vi 

Gera ld de Lacey, 
Simon Morley, 

Lau rence Berman, 
J u l y  2007 
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Part A 
Core Knowledge 



1 C H EST RAD I O LOGY: 

T H E BAS I C  BAS I CS 

You wi l l  need a basic understanding of some of the techn ica l factors affecti ng 
chest rad iography, if on ly  to recogn ise when a part icu lar appearance ar ises not 
from pathology but from subopt ima l  technique. Th i s  chapter concentrates on the 
frontal CXR. We d iscuss the lateral CXR in  Chapter 2. 

TH E RADI OGRAP H IC IMAG E 

Table 1 . 1 Attenuation of the x-ray beam. 

lissue absorption 

Air or gas 
Fat 
Soft tissue 
Bone or calcium 

T H E  FRONTA L  CXR 

Effect on  the radiograph (see Fig. 1.1) 

Black image 
Dark grey image 
Grey i mage 
White image 

Thi s  standard CXR i s  obta ined at a fixed di stance between the x-ray tube and 
the cassette of  180 cm (6 ft). The patient faces the cassette and the x-ray beam 
passes through i n  the posterior to anterior d i rection, i .e. PA ( Fig. 1 .2 ) . 

Figure 1.1 Norma l PA 
CXR. Standard radiographic 
technique allows comparison 
of the heart size on any 
previous or subsequent PA 
CXR. 



CHEST RADIOLOGY: THE BASIC BASICS [i] 

The PA CXR is preferred because the radiographic techn ique is standard. Th i s  
a l l ows accurate and  va l id  comparison between repeated PA CXRs .  

I f  t he  patient i s  unab le  to  stand erect then he faces the  x-ray tube and an  antero
posterior (AP) chest radiograph is obta ined. AP CXRs are acqu i red: 

• At the bedside or with a seriously i l l  or fra i l  patient i n  the emergency 
department. The patient may be ly ing sup ine (F ig .  1 .3 )  or s itt ing up.  

• I n  the rad io logy department when the patient is either too fra i l  or too 
unsteady to stand erect. The radiographer (technologist) s its the patient on 
a chair  with h i s  back to the cassette (F ig .  1 .4) .  

Figure 1 .2 Patienl 
posilioning for a standard PA 
CXR. The 180 cm (6 ft) x-ray 
tube to cassette distance 
results in a beam that is 
minimally divergent. In 
effect, the x-rays are parallel 
when they impact on the 
thorax. 

Figure 1 .4 Frail palienl. Departmenlal �--------------� radiograph, patient sitling up. AP CXR. 
Figure 1 .3 Bedside (i.e. portable) 
radiograph, palient supine. AP CXR_ The 
distance from the x-ray source to the 
cassette is much less than 780 cm (6 fl). 



[4J PART A: CORE KNOWLEDGE 

THE BEDSIDE (PORTABLE) AP CXR HAS DISADVANTAGES 

The AP CXR shou ld  a lways be i nterpreted with caution (F ig. 1 . 5 ) .  The fol lowing 
factors may cause m is lead ing appearances: 

The mediasti num is magnified ( F igs 1 .6  and 1 . 7) .  

When ly i ng supine a patient is  often unab le to take a fu l l  i nsp i ration .  Also, 
he may be rotated because of d i fficu l ty i n cooperati ng. Therefore some 
AP CXRs are of infer ior qua l ity i n  comparison with a departmenta l PA 
rad iograph.  

Be carefu l of making a major d iagnosis (e.g. h i lar  mass) too readi ly. But don 't be 
too g loomy. Many AP radiographs, even if not meet ing the qua l i ty expected of a 
PA CXR, w i l l  usua l l y  confirm whether or not the l ungs a re clear. 

Figure 1.5 Age 24. (a) AP CXR. Is the heart enlarged? It looks big but it is difficult to be 
sure because the radiographic technique produces magnification of the cardiac shadow. 
(b) PA CXR one day later. The CXR is entirely within normal limits. 



CHEST RADIOLOGY: THE BASIC BASICS [SJ 

Figure 1 .7 On a bedside (portable) AP 
-�-�---------� CXR the heart is siluated well away from 

Figure 1 .6 On a PA CXR the heart 
is situaled anleriorly in relalion to 
the cassette. The 780 cm distance 
means that lhere is minimal 
divergence of the x-ray beam. 
Cardiac magnification is limited. 

the cassette. The x-ray beam diverges at the 
margins of the heart causing magnification. 
A second cause for magnification is the 
shorter distance from the x-ray tube to the 
cassetle. This is invariably less than 780 cm 
and produces a divergent x-ray beam. 

MAG N I FICATION ON AN AP CXR: DOES IT MATTER? 

Magn i fication occurs because of two factors: 

1 .  A shortened d i stance between the x-ray tube and the cassette compared with 
the standard 1 80 cm PA CXR d istance. Th i s  resu l ts in a d iverg ing x-ray beam 
at the marg ins  of the heart (F ig .  1 .7). 

2 .  The hea rt and mediast i num are s i tuated fu rther from the cassette than is the 
case with a PA CXR (F igs 1 .6 and 1 . 7) .  

The drawbacks of magn i fication are: 

A fa l se i mpress ion of cardiac, mecl iast ina l  and/or  aortic en la rgement. 

Precise compar ison of the mediasti na l  appearance with an ea r l ier or 
subsequent PA radiograph i s  a r isky business. 

THE COI N  GROWS BIGGER 

Demonstration: 

CXR result: 

A coin is taped to the front of a chest (phantom) and a nother coin is 
taped to the back. An AP CXR is obtained. 

The coin on the back of the phantom (close to the cassette) appears 
of near normal size. The coin on the front of the phantom (further 
away from the cassette) appears much larger. 



[6J PART A: CORE KNOWLEDGE 

DEPTH OF I NSPIRATION: DOES IT MATTER? 

Rule of thumb: If the anterior aspects of at least six ribs do not I ie above the 
left dome of the d iaphragm, then suspect a sha l low i nsp i rat ion 
(see Chapter 1 6, p.  23  7) . 

Sha l low i nspiration is common in the elderly, those i n  pa i n, unconscious 
patients, and with bedside rad iography. Two problems occur when an i nspi rat ion 
i s  sha l low: 

1. The transverse cardiac d iameter (see p. 1 48) may appear spu rious ly 
en la rged. The d iaphragm i s  attached to the under-su rface of the heart and 
th i s  muscle pu l l s  the  heart downwards on a fu l l  insp i ration . Th i s downward 
p u l l  is l ess when an i nsp i ration is sha l low. Consequently the s ide-to-s i de 
d iameter of the heart w i l l  appear larger. 

2 .  The fa i l u re to d i stend the l ungs fu l ly can cause crowd i ng of vessels at the 
l ung bases. The resu l t ing appearance may s imu late basa l l ung i nfection or 
areas of subsegmental col l apse. 

Figure 1.8 PA CXRs of the same patient taken min utes apart: (a) was obtained during a 
good inspiration, and (b) was obtained during a poor inspiration. In (b) the heart appears 
enlarged . . .  but this is bogus. A shallow inspiration can cause spurious cardiomegaly and 
also crowding of vessels at  the lung bases. The latter appearance can mimic infection. 



CHEST RADIOLOGY: THE BASIC BASICS [?] 

PATIENT ROTATION: DOES IT MATTER? 

Rule of thumb: The patient i s  not rotated if a vertical l i ne drawn through the 
centre of the vertebral bodies (Tl -TS) is equ id i stant from the 
med ia l  end of each clavicle. Rotation is present when one of 
the clavicles i s  further away from this vert ical l i ne  (Fig. 1 .9). 

A rotated CXR w i l l  cause va rious structures to be projected towards the right or 
left s ide. Potent ia l  problems: 

• Rotation to the r ight on a PA CXR . . .  the manubri um and/or superior vena 
cava and/or vessel s  ar is ing from the arch of the aorta may become unusua l l y  
prom inent o n  t h e  right. Th is can s imu late a mediast i na l  mass. 

Rotat ion to the left on an AP CXR . . .  the aort ic arch may appear en larged. 
Rotat ion is a common cause for one l ung appearing b lacker than the 
opposite side (see p. 2 57). 

Rotat ion i s  often a problem in  drowsy or i l l  adu l ts, and i n  l i tt le ch i ldren who 
wriggle around and do not l i ke being held st i l l .  

Figure 1 .9 Patienl rotation. 
(a) Rotation to the lefl. 
(b) Male. Age 43. AP 
CXR. Rotation lo the right 
projects the ma nubrium a nd 
aortic arch vessels (arrows) 
over lhe righl upper zone, 
mimicking a mass. 
(c) Female. Age 87. Rotation 
to the left makes lhe 
aortic arch appear u nduly 
prominent. 



[8J PART A: CORE KNOWLEDGE 

OVEREXPOSURE / U N DEREXPOSURE - BE CAREFUL  

With ana logue chest radiography a poor exposure (fi l m  too dark or fi lm too pale) 
can lead to errors in diagnosis because some areas or structures cannot be seen .  
With d igital imaging the ab i l ity to a l ter ( i .e .  window) the i mage electron ica l ly 
w i l l  often help to overcome these problems. 

SCAPULA POSITION - BE CAREFUL 

The fronta l CXR shou ld  have the  scapulae rotated off the  thorax and projected 
wel l  away from the l u ngs ( Fig. 1 . 1 0) .  Th i s  is not a lways easy to achieve i n  
e lder ly, fra i l  or s ick people. Mis lead i ng shadows (e.g. a spurious pneumothorax) 
can be produced when part of a scapula over l ies a l u ng. 

Figure 1 . 1 0  Scapula position on a frontal projection: (a) good; (b) poor. 



CHEST RADIOLOGY: THE BASIC BASICS m 

OCCASIONAL PITFALL- BEDSIDE RADIOGRAPHS AND BEAM 
ANGU LATION ARTEFACT 

Rule of thumb: On PA and AP CXRs both domes of the diaphragm shou ld  
be  wel l -defined. If either dome is obliterated - in pa rt or i n  

whole- then di sease i n  the adjacent lower lobe i s  h igh ly  
likely (pp .  46-47) .  Th i s  ru le i s  an app l i cat ion of  the si l houette 
sign (Chapter 4, pp. 42-5 1 ). 

With bedside radiographs th i s  ru le of thumb sti l l  applies, but  with a caveat. On 
occasion the x-ray beam may not be perpendicu lar  to the patient's chest, but 
may be angled upwards. Angu lation can cause the left dome of the diaphragm 
to be i l l -defi nedu So, i f  the left dome i s  i l l -defi ned on a bedside CXR and th i s  
i s  unexpected or does not f i t  w i th  the  findings on c l in ica l  examination, then  the 
CXR shou ld  be repeated ensuring that the beam i s  perpendicu la r  to the thorax. 
Alternatively, obtain a lateral CXR and check the appearance of the left lower 
lobe. 

WHAT ARE T H E  L U N G  ZON ES? 

I t  i s  common practice to define areas of the l u ng on the frontal CXR in terms of 
"zones". The pu rpose is to descr ibe approximately where les ions a re s i tuated . 
Some experts attempt to define these zones very precisely by reference to 
spec ific ribs. Others are much more pragmatic, using the terms " upper", "m id"  
and " lower" zones informa l ly, without feigning pseudo-sc ientific precision. We 
fol l ow the l atter course. 

REA D I N G  T H E  FRONTAL CXR 

Many d i fferent schemes have been proposed for read ing CXRs .  There i s  no 
s i ng le correct or best system. I n  general it does not matter what you r  system i s  
provided tha t  you :  

a lways address - first and foremost- the c l in ica l  question 

ana lyse the CXR whi lst adopti ng an i nqu isit ive approach 

a re aware of the areas where mistakes are made 

look for the hidden abnorma lity 

feel comfortable with your system 
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THE FRONTAL CXR: A TEN-POINT CHECKLIST 

1 .  Is it a PA or AP rad iograph? 

...J Pitfa l l .  AP radiographs magnify the heart and med iasti num ( F ig. 1 .11 ) .  

2 .  I s  it a satisfactory i nsp i ration ? 

...J If the anterior end of the left s ixth r ib reaches or is projected above the 

level of the dome of the diaphragm-then a good i nspi ration is l i ke ly . 

...J Pitfa l l .  A sma l l  i nsp i ration can cause: (a) the heart to appear en larged; 
and (b) vessel crowding at the bases m imicking i nfection ( F ig. 1 . 1 2 ) . 

3 .  Is the patient rotated? 

...J The med ia l  end of each clav ic le shou ld  be equ idistant from a vertica l  
l i ne drawn through the spinous processes of the Tl -TS vertebra l bod ies . 

...J Pitfa l l s .  Rotation can d istort the mediasti na l  and h i la r appearances and 
lead to the erroneous suggestion of a med iast ina l  or h i l a r mass .  One l u ng 
may appear b lacker than the other (see p. 2 57) .  Always i nterpret rotated 
fi lms  with caution .  

4 .  I s  the heart en la rged? 

I n  an  adu lt, the cardio-thoracic ratio (CTR) shou ld be less than 50% on a 
PA rad iograph (see p. 1 48). 

5. Are both domes of the diaphragm clearly seen and wel l-defined? 

...J If part of a dome is obscured -suspect patho logy i n the adjacent lower 
lobe (Fig. 1 . 1 3) .  

6 .  Are the heart borders c lear ly seen and wel l -defi ned? 

I f  not, then there i s  a h igh probab i l ity of pathology (F ig. 1 . 1 4) i n  the 
immediately adjacent l ung (see pp. 45-48). 

7. Are the h i la norma l .  . .  position, s ize and density? 

...J Rule of thumb: The left hi I um should be at the same level or h igher than 
the r ight .  . .  never lower than the r ight (F ig. 1 .  · 1  s). 
Rule of thumb: The h i l a r  density on each s ide shou ld  be s im i l ar. 

8.  Are the bones norma l ?  (e.g. F ig. 1 . 1 6) 

9. Check the tricky hidden areas (F ig .  1 . 1 7) :  l ung apex, superimposed o er the 
heart, around each h i l um,  below the diaphragm.  

1 0. F ina l ly, ask you rself once aga i n- have I addressed this patient's particu lar 
c l i n ica l  problem? 



Figure 1 . 1 1  The heart appears 
enlarged in this 25-year-old female . .  
but this is a n  A P  CXR. Magnification 
factors can mislead the unwary. 

Figure 1 . 1 3  ITU. Pa tient has 
adult respira tory distress syndrome 
(ARDS) and clinical deterioration. 
The normal, well-defined margin of 
the left dome of the diaphragm is 
absent .. . because of pneumonia in 
the adjacent left lower lobe. 

CHEST RADIOLOGY: THE BASIC BASICS [i1J 

Figure 1 . 1 2  Pa tient in ITU. Age 70. 

Shadowing a t  the bases suggests infection . .  
but this is a poor inspira tion. Crowding of 
vessels at the lung bases res ults from the 
inadequa te inspira tion. 

Figure 1 .1 4  Pa tient with cough and fever. 
The normal, sharply defined right heart 
border is lost. . .  because of pneumonia in the 
adjacent middle lobe. 
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Figure 1 .1 5 Checking 
the hi/a. In this pa tient the 
left hi/um has disappeared 
because there is collapse of 
the left lower lobe. ( Hilar 
appearances, both normal 
and abnormal, are described 
in Chap ter 6, pp. 70-79.) 

Figure 1.16 Righ t-sided 
chest pain after an all-nigh t 
party. No recollection of an 
injury. If you do not check 
the bones you will not see 
the several posterior rib 
fractures. 
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Figure 1 .1 7  Checking the four tricky hidden areas: apices (brown), superimposed over 
the heart (green), around each hi/um (yellow), and below the domes of the diaphragm 
(blue). It has been shown that these are the four sites where small (and also large) lesions 
are most commonly overlooked. 
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T H E LATERAL CX R 

Patient with a persistent cough. Normal clinical examination. 

An equivocal frontal CXR appearance. 

Physician unfami l iar  with the normal appearances on a lateral CXR. 

Physic ian goes for the easy option-"let's get a CT". 

However: 

CT= high dose of radiation .  Lateral CXR = low dose. 

The lateral CXR wil l  rapidly exclude or confirm most equivocal abnormal i ties seen 
on the frontal projection. 

The lateral CXR can be very, very useful provided you are familiar with the normal 
appearances. 

"The man who is too old to learn was probably always too old to learn. "' 

The novice may feel that gett ing to gr ips with the lateral CXR i s  too much at 
th is stage. Don't worry. Keep goi ng on the other chapters and come back to the 
lateral CXR l ater on .  Eventua l ly, you w i l l  rea l ise i ts importance. A lso, ana lys i ng 
the lateral CXR is fun - Sherlock Holmes type fun .  

Reference d rawi ngs of  the norma l lateral appearance a re  provided on p .  v i i i . 

W H E N  I S  A LATERAL C X R  USEFUL? 

1 .  To check whether an equ ivocal fronta l CXR shadow is actua l l y present .  

2 .  To posit ion an  abnormal ity shown on the frontal CXR . 

...J Is i t  anterior or posterior? 

...J Which lobe i s  i t  i n ?  

...J Is it actua l ly  i n  a lobe? 

3. To check the tr icky areas when a patient has a part icu lar ly worryi ng 
symptom (e.g. haemoptys is) .  Th i s  projection is part icu lar ly good at showi ng: 

...J beh ind the heart 

...J beh ind and in front of the hi la 

...J beh i nd the domes of the diaphragm 
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RAD I OG RA P H I C  TEC H N IQ U E  

I n  a fit ind iv idua l  t h e  arms a re held high and wel l  away from t h e  thorax 
(Fig. 2 . 1  ) . In a fra i l  or e lder ly patient the arms may have to be positioned in front 
of the chest. The resu l t ing upper arm shadows can m i s lead the unwary (F ig .  2 .2 ) .  
The scapu lae cannot avoid intruding on the  image, bu t  they shou ld be  easy to 
recogni se ( Figs 2 .3 and 2 .4). 

Figure 2 . 1  Fit person. Arms up and 
out of the way. 

Figure 2.2 Frail person. The upper arms 
often lie across the thorax. 

Figure 2.4 Technically good CXR. The 
scapulae are visible , but do not ca use a 

'----------------------' problem. 
Figure 2.3 The scapula shadows are 
usually projected over the thorax. 
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U N D E RSTA N D I NG T H E  LATERAL CXR2-6 

Figs 2 . 5-2 .9 show how you can bu i ld  up  the main anatomica l  structu res on a 
latera l CXR. Fig. 2 . 1 0 is the rad iographic equ iva lent of the fi n ished arti cle . 

Figure 2.5 Bare-bones lateral 
anatomy. Note that the lungs appear 
blacker inferiorly as compared with 
superiorly. 

' 

Figure 2.7 . . . add the right (red) 
and left (blue) main pulmonary 
arteries (see Fig. 2 . 1 1  ) . . 

Figure 2.6 Add the heart, aorta and inferior 
vena cava . .  

Figure 2.8 .. add-in your mind's eye - the 
three fissures. Knowing their approximate 
position is important. They separate the 
three lobes of the right lung and the two 
lobes of the left lung. In practice, it is rare 
for much of either oblique fissure to be 
visualised on a normal lateral CXR. 



Figure 2.9 Finally, a cid the trachea 
and the upper lobe bronchi (i.e. the 
two coloured circles). All the main 
struct ures are now in place. 
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Figure 2.1 0 A normal la teral CXR. 

Figure 2 . 1 1 Normal 
structures as seen on the 
frontal CXR, for comparison 
with Figs 2.5-2. 70. Red = 
righ t main pulmonary artery; 
blue = left main p ulmonary 
artery; p urple = origin of 
righ t upper lobe bronch us; 
yellow = origin of left upper 

'------------------------'-_J lobe bronchus. 
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N ORMAL LATERAL CXR- SPECIF IC  APPEARANCES 

DIAPH RAGM 

The two domes are usua l ly easy to separate from each other. 

The right dome is visua l i sed a l l  the way from front to back . 

The shadow of the left dome on ly extends from the costophren ic recess 
posterior ly to the back of the cardiac shadow anteriorly. Th i s  is becau se the 

heart obl i terates the l u ng/d iaphragm interface anterior ly. 

Very occas iona l l y  the two domes are difficu lt to separate, because: 

• The domes may overlap each other precisely . . .  coincidence. 

• If the base of the heart is very narrow then obl iteration of the anterior aspect 
of the left dome is m i n ima l  and its shadow wi l l  extend a l most a l l  the way to 

the sternu m - i .e .  it can m im ic the normal "seen a l l  the way from front to 
back" right dome. 

Figure 2.1 2 Norma l  CXR. The righ t dome (arrowhead) is seen a ll the way from fron t 
to back. No te tha t  the left dome (arrow) is not iden tified an teriorly. The outlines oi both 
domes posterior to the heart are crisp and clean. The righ t dome is a lso crisp and clean 
anteriorly. 
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H I LA 

The novice w i l l  find this a difficu l t  area to assess. Bear these points i n  m i nd :  

Of  the  soft tissue density at each h i  I um, 95% i s  due sole ly to  pu l monary 
artery and pu l monary veins. 

The main pu l monary artery on the right side passes anterior to the right 
main bronchus, whereas the main pu l monary artery on the left side passes 
poster ior ly and hooks over the left ma in  bronchus .  

There is summation of some of the left and right hi la r  dens i t ies (i .e .  the 
vessels) on the latera l CXR. 

You w i l l  be del ighted to know that even the experts find this area difficu l t . 
However, the expert a lways eva luates the lateral view of a hi I um  together with 
the fronta l projection. By taking the two views together i t  is much, much easier 
to answer a frequent question: " is th is  hi I um en larged or i s  i t  j ust prom i nent but 
norma l ?" .  

Figure 2.1 3 Normal CXR. Fig. 2 .  7 4 

explains the various components 
forming the hilar shadows. Figure 2 . 1 4  Normal CXR. To show the 

loca tion of the main pulmonary arteries 
(yellow). These arteries account for most 
of the hilar shadows. Remember- the righ t 
main pulmonary artery crosses in front of 
the right main bronchus and the left main 
pulmonary artery hooks over the left main 
bronch us. 
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LUNG FISSU RES 

The horizonta l fissure can be identified on most latera l CXRs ( Fig. 2 . 1 5 ) . 

The ob l ique fissures are not a l igned a long a flat plane. Both have configu rat ions 
s imi la r  to that  of an aeroplane propel l er (F ig. 2 . 1 6). 

I t  i s  often stated that the right ob l ique fissure l ies -at its most inferior 
pos i tion -about 4-5 cm posterior to the sternum, and that the left ob l i que 
fissure is posit ioned s l ight ly more posterior. I n  practice, very s l ight rotation of the 
pat ient can project these fissu res c loser to, or further away from, each other on  
the  CXR .  The good news i s  that absol ute certa inty as to  wh ich ob l i que fissu re i s  
wh ich is ra rely important in c l i n ical practice. 

Figure 2.1 5 The three fissures. 
Red = horizontal; green = righ t 
oblique; blue = left oblique. Visibility 
of the fissures varies from patient 
to pa tient-some, all, or none of a 
fiss ure may be evident. The fissures 
divide each lung in to lobes. The 
right lung has three lobes - upper, 
middle and lower. The left lung has 
two lobes - upper and lower. (See 
p. viii. ) 

Figure 2 . 1 6 The normal configura tion 
of an oblique fissure. Each oblique fissure 
resembles an aeroplane propeller. 
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COSTOPHRENIC ANG LES (RECESSES, SU LCI) 

The poster ior and infer ior part of each l ung occupies a wel l -defi ned gu l ly 
created by the p leu ra reach ing the posterior l im i t  of each dome of the 
d iaphragm. These two gu l l ies- one on each s ide - a re the costoph ren ic  angles 
or su lc i  ( Figs 2.15 and 2.16). 

On the latera l racl iograph, each costophren ic recess represents the most i nfer ior 
aspect of the l ung and p leura on an erect CXR. Th i s  i s  where most p leura l  
effusions w i l l  col lect. 

LUNG APICES 

The lateral CXR is not much help in assess ing either l ung apex, cl ue to the 
overlying soft t issues, shou Ide rs a ncl chest wa 11. 

RETROSTERNAL L I N E  

A soft t i ssue interface with the l ung i s  vis ib le immediately beh ind t h e  sternum 
(Fig. 2 . 1 7) .  Th i s  is  the retrosternal l i ne. 

The l i ne i s  caused by the i nterface between the retrosterna l  soft t i ssues (ma in ly  
fat) and the anterior aspect of  the  right l ung. 

Figure 2.1 7 This retrosternal line 
(arrows) is normal. 

Figure 2.1 8 Road traffic accident. Stern al 
fracture. The retrosternal line (arrows) b ulges 
posteriorly due to the adjacent h aematoma. 
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H EART 

The heart occup ies most of the mediasti num (F igs 2 . 1 9  and 2 .20). The card iac 
borders seen on the lateral CXR are formed as fol lows: 

• Anterior ly - right ventr ic le 

Posteriorly i mmed iately beh ind the h i l a- left atri um  

• Poster ior ly below the h i l a- left ventric le 

Important rule of thumb: On the l atera l CXR there shou ld not be any abrupt 
change in density across the shadow of the heart. 
I f  there is a change in density, you shou ld suspect 
superimposed pul monary pathology. 

Figure 2 . 1 9  Cardiac chambers. 
Frontal CXR allows correlation with 
the lateral CXR (Fig. 2.20). 

Pink = right atrium; blue = right 
ventricle; brown = left ventricle; 
green = left atrium. 

Figure 2.20 The cardiac chambers. See 
colour coding in Fig. 2. 79. 
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I N FERIOR VENA CAVA 

On many lateral CXRs a short ( 1 .5-2 .0 cm) wel l-defined vert ica l  shadow meets 
the poster ior and in fer ior aspect of the heart. Th i s  shadow is the i nfer ior vena 
cava . Its poster ior wa l l  i s  v is ib le because i t  is  outl i ned by a i r  in the adjacent right 
l u ng (see Figs 2 .2 1 -2 .23 ) .  

Figure 2.21 Frontal view 
showing the shadow of the 
inferior vena cava (yellow) 
merging with the right 
atrium. 

Figure 2.23 La teral CXI�. The shadow of the �--------------� inferior vena cava (arrow) is easily identified. 

Figure 2.22 Inferior vena cava 
shadow on the la teral CXR. 
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TWO BRONCH IAL RINGS 

Two c i rcu la r  r i ngs are often projected over the h i l a  or peri-h i la r regions 
(F igs 2 . 24-2 .2 6) . Somet imes on ly one r ing is v is ib le .  Usual ly the h igher ri ng i s  
the  r ight upper lobe bronchus and  the  lower r i ng  is the  left upper l obe bronchus . 

Figure 2.24 Normal lateral CXR. 
Trachea = green; right upper lobe 
bronchus (seen end on) = p urple; 
left upper lobe bronch us (seen encl 
on) = brown. 

Figure 2.26 The two rings (arrows) are 
visible in this patient. The rings represent-in 
almost all patients - the orifices of the upper 
lobe bronchi. Occasionally, they represent 
the main bronchi'. 

Figure 2.25 The positions of each ring as 
shown on the frontal CXR. 
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BONES AND SOFT TISSUES 

Al l  latera l CXRs i nc l ude part of the axia l  and append icu la r  skeleton .  Bones w i l l  
occas iona l l y cause an over lap shadow. Fam i l ia r ity with t h e  normal skeleta l 
appearances wi 11 prevent misunderstand ings. Note: 

The vertebrae and stern um are easy to see, and a re not a p roblem (Fig. 2 .2 7). 

The ribs a re a l so easy to see, and are ra rely a problem. 

The scapulae and upper arms are often v is ib le, and are someti mes confus ing. 

Figure 2.27 Normal CXR. 
The lower vertebral bodies 
are blacker because there is 
less soft tissue (muscle) and 
no scapulae superimposed. 
Consequently, there is less 
absorption of the x-ray beam 
inferiorly, and thus more 
blackening on the radiograph. 
Whiteness inferiorly on the CXR 
invariably indicates pathology 
(e.g. collapse, consolidation, 
lung mass, paravertebral mass). 
Also, note that assessment of 
a lung apex is very difficult
usually impossible. 
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NORMAL LATERAL CXR-THREE COMMON PITFALLS 

1 .  Fake mass anterior ly. Sometimes 
the shadow of a h igh right dome 
of the d iaphragm and the shadow 
of the posterior margin of the heart 
over lap and create a wel l -defined 
density that m im ics an anterior 
mass (Fig. 2 .2 8) .  

2 .  Age related aortic unfo ld ing (Figs 
2 .29-2 .3 1 ) . In young people 
the descending aorta is situated 
poster ior ly with in the med iasti num 
and i t  i s  not v isua l ised on the 
l atera l CXR. I n  m idd le age the aorta 
unfolds and extends l atera l l y  to the 
left. Consequent ly i ts anterior and 
posterior wa l l s  are then outl i ned 
by the surrounding left l ung. Th is 
p roduces a tubu lar  opacity on the Figure 2.28 Normal. Not an an terior mass. 

l atera l CXR (F ig. 2 .33) .  

3 .  Another fake mass anteriorly. The apex of  the heart and adjacent epica rd i a l  
fat i n trudes in to the  left hemithorax and  displaces the  most i nfero-med ia l 
and anterior aspect of the left l ung. This often produces a shadow (F ig. 2 .34) 
which can s imu late a mass lesion. Th is  appearance is often referred to as the 
cardiac inc isura6-8. 

Figure 2 .29 Fron tal CXR. 
Ascending and descending 
aorta, age 20. 

Figure 2.30 Frontal CXR. 
Ascending and descending 
aorta , age 60. 

Figure 2.3 1 Frontal CXR. 
Ascending and descending 
aorta, age 80. 



Figure 2.32 Normal CXR. Age 
20-40. The mid and dislal part of 
the descending aorta is not visible. 
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Figure 2.33 Age 80. Age related aortic 
unfolding occurs in the middle-aged and 
elderly. The descending aorta is outlined 
by lung and is visible (arrows). ( This is lhe 
same pa tient as Fig. 2. 3 7 . )  

Figure 2.34 The cardiac 
incisura. The anterior density 
(arrows) is ca used by lhe 
normal cardiac apex and 
epicardial fa t displacing 
the most infero-medial 
and an terior aspecl of 
the lefl lung. The shape 
of ihe cardiac incisura 
will show considerable 
varialion between patients. 
(Inciden tally, a cardiac 
incis ura shadow, with a 
somewha t different con tour 
is also shown in Fig. 2.33, 

above.) 
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READ I N G  T H E  LATERAL CXR 

A l atera l rad iograph of the chest can be very va l uab le i n  help i ng to confirm, 
refute, pos it ion or character ise a suspected abnormal ity seen on the fronta l 
project ion .  A check l ist wi l l  help you to remember the important ru les . 

THE LATERAL CXR: A SIX-POINT CH ECKLIST 

1 .  Are the vertebra l bod ies becoming blacker from above downwards 
(F ig .  2 .35 ) ?  

I f  not ( i .e. they a re becoming whiter), then suspect d isease i n  a lower 
lobe ( Figs 2 .3 6-2 .3 8) .  

2 .  Are both domes of the diaphragm wel l -defined and c lea r ly seen?  

If  either dome i s  obscured, suspect d i sease in the adjacent lower lobe 
( Figs 2 .3 6-2 . 3 8) .  

Remember-the right dome shou ld be vis ib le from front to back; 
norma l ly the anter ior aspect of the left dome d i sappea rs (Fig. 2 .3 5 ) . 

3 .  Are the h i l a  norma l ( Fig. 2 .35) ?  

Two questions to ask :  

Does the overl app ing/combination shadow of the two h i  l a appear 
en larged ( Fig. 2 .3 9)? 

I s  the out l i ne  of the overlapping h i  la  wel l-defi ned ( i .e .  norma l vessel s) or 
do the borders appear anarch ic and i rregu lar, or l umpy/ bumpy? 

4. Is there any abrupt change in densi ty across the card iac shadow? 

Th i s  is l i ke ly  to be a l ung abnorma l ity (Fig. 2 .40). 

5. Are there any abnormal l ung densit ies? 

Check: 

superimposed over the heart (Fig. 2 .42 ) 

beh i nd the heart 

poster ior ly in a costophren ic recess 

6. Always, a lways correlate the f indings with the frontal CXR. 



Figure 2.35 Normal CXR. Note 
that the verlebral bodies become 
blacker from above downwards; the 
domes of the diaphragm are we/1-
defined 

Figure 2.37 Unwell, feve1; chest 
pain. Vertebrae whiter inferiorly; 
the outline of the right dome of the 
diaphragm is absent posteriorly. 
Right lower lobe pneumonia. 
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Figure 2.36 Cough and fever. Vertebrae 
whiter inferiorly. The outline of the left dome 
of the diaphragm is absent posteriorly. Left 
lower lobe pneumonia. 

Figure 2.38 Persistent cough and 
haemoptysis. The lower vertebrae are whiter 
than those above. Shadow of the left dome 
of the diaphragm is absent. The straight line 
of the oblique fissure is displaced posteriorly. 
Collapse of the left lower lobe (bronchial 
carcinoma). 
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Figure 2.39 The hilar shadows 
are enlarged. Lymphadenopalhy. 
Compare this CXR with Fig. 2.35. 

Figure 2.40 Abrupt change in density over 
the cardiac shadow. Middle lobe pneumonia 
with slight loss of volume. 

Figure 2.41 A common 
finding in the middle-aged and 
elderly. Hiatus hernia revealed 

�-�-------------- by the air-fluid level. 
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Figure 2.42 Haemoplysis 
in a middle-aged 
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A LVEOLAR D I S EAS E VERSUS 
I N T E RSTITIAL D I S EAS E 

An a rea of diffuse shadowing on a CXR requ i res ca refu l ana lys i s .  I n  l a rge 
part the ana lys is depends upon relat ing the shadowing to the c l i n ica l deta i ls 
obta i ned from the h i story and the physica l examination . However, on occas ion 
th i s  w i l l  not be enough on its own and it is the eva luation of the shadow pattern 
which w i l l  a l low a part icu lar  diagnosis or group of di agnoses to be cons idered. 

This chapter a ims to help you to recognise two common d isease patterns: 
a l veola r  and i ntersti t i a l .  There are aspects of a lveolar  disease, interst i t ia l d isease, 
consol idation and pneumonia which are a l l c losely re lated . Please read th i s  
chapter and Chapter 4 together. 

.__..;..;TH�E A LVEOLI  AN D T H E  I NTERSTITI UM 

F igure 3 . 1  i l l ustrates the normal relationship between the a lveo l i  and the 
in terst i t i um .  

Figure 3 . 1  Normal lung. The terminal bronchioles give rise to alveolar ducts which 
terminate in small air sacs (alveoli). The millions of thin walled alveoli are responsible 
for gas exchange . . .  carbon dioxide out of the capillaries, oxygen into the capillaries. The 
interstitium of the lung surrounds both the alveoli and the terminal bronchioles. The 
interstitium has a most important mechanical function: it acts as a scaffold supporting the 
alveolar walls. It also has a dynamic function: fluid, cells and nutrients pass into and out of 
the interstitium. 
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A LVEOLA R  A N D  I NTERSTITIAL L U N G  D ISEASE 1•2 -------' 

Alveolar d isease = Air  space disease (NB :  these terms are often used interchangeably) 

Alveolar disease: The fi l l ing of a lveolar air spaces with abnormal materia l .  That 
material may be blood, pus, water, protein, cel l debris-or a 
combination of two or more of these. 

Interstitial disease: Affects the supporting tissues of the l ung parenchyma ( i .e.  the 
interstitium) inc luding the a lveolar wal ls .  

Some d i sease processes affect main ly the a lveol i ,  or main ly the i n terstit i um .  
Some d i seases i nvolve the  a lveol i  and  the  i n terst i t ium just about equa l l y. 

The patho logica l process consequent on most l ung i nju ries can be summarised 
as fol lows: the i nsu l t  causes the cel l u l a r  l i n i ng of the a lveola r  wa l l s and /or 
the capi l l a r ies i n  the i n tersti t ium to become leaky. The oedema that  leaks out  
accumu lates in the a lveo l i  or in the interstit i um.  Sometimes the i n ju ry continues 
to progress and causes extensive necrosis with the production of fibr in and cel l 
debris .  These necrotic products fi l l  the a lveolar a i r  spaces or th icken the t i ssues 
i n  the i nterst i t i um .  

Figure 3 . 2  Alveolar disease. The 
air in the alveoli has been replaced 
by blood, pus, wate1; protein or cell 
debris. 

Figure 3.3 Interstitial disease. The 
scaffolding surrounding the alveoli is 
abnormal. The abnormal change can be 
due to oedema, inflammation or fibrotic 
thickening. 
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T H E  CXR: ALVEOLAR VERSUS I NTERSTITIAL OI SEASE 1-4 

When a CXR shows an a rea of d i ffuse shadowing-whether local i sed o r 
widespread-then the shadow pattern needs to be ana lysed carefu l ly. It i s worth 
emphasis i ng: the CXR shadow pattern represents the underlying pathological  
process. The CXR features to look for are l i sted i n Table 3 . 1 . 

Table 3.1 CXR features to look for. 

Usual shadows 

Sometimes 
. . .  additonally 

Alveolar changes 

F luffy or blobby 

I l l-defined margins 

Coalescing/ merging 

Segmenta l / lobar 

Air bronchogram 
(see p. 2 2 7) 

Table 3.2 Descriptive terms. 

F ine or sma l l  nodu les = tiny opacities. 

Interstitial changes 

Smal l  nodu les 

Li near I reticu lar 

Linear/ reticu lar  with septal l ines 

Reticulo-nodu lar 

Reduced l u ng vol u me 
(extensive disease) 

Honeycomb pattern 
(end-stage disease) 

Reticular = mesh or basket-l i ke. A pattern comprising fine or coarse l i nes. 

Reticulo-nodular = a  combination of smal l nodu les and basket- l i ke l i near opacit ies. 

Septal l ines = fine thread- l ike l ines produced by flu id or thickeni ng of the septa 
between the lobu les of the lung. Several different types of septal  l i nes have been 
describecl1•2,4, but much the most common are those referred to as Kerley B l i nes. 

Kerley B l ines = fine horizontal l ines approximately 1 cm long, s ituated 
perpendicular to the lateral pleural surface. They are most common ly seen just 
above the costophrenic angles on a fronta l  CXR (see pp. 1 58-1 5 9). 
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Figure 3.4 Alveolar disease. The alveoli 
are (in this case) stuffed with pus, giving 
a fluffy homogeneous pattern which has 
coalesced. (Pneumonia . )  

Figure 3.5 lnterstilial disease. The 
interstitium is fibrolic and thickened. 
(Sarcoidosis.) 
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I NTERSTITIAL S HADOWI NG -ARE YOU SU RE? 

A regu lar  problem when eva l uat ing a CXR i s  determ in ing whether the l ungs a re 
actua l ly c lear  and norma l .  Sometimes the l ung markings ( i .e . the normal vessel s) 
are rather prominent and the quest ion is ra ised - is  there anyth ing el se there? 
Cou ld some of these marki ngs be fine l i near i ntersti t ia l  shadows? Th i s  usua l ly 
relates to a lower zone. 

Norma l l ungs on the CXR shou ld show noth ing other than vesse ls  and 
occas iona l l y  a lung fissure.  Normal bronch ia l  wa l ls a re only v isua l ised if they 
are seen encl on. Normal a l veo l i ,  normal i ntersti t i um, normal l ymphatics - none 
of these are v is ib le .  

So ,  is  there anyth ing there? When i n  doubt app ly these two ru les: 

Rule 1 

Rule 2 

Look at the l u ng i mmediately adjacent to the costoph ren ic angle
i t  shou ld  be  c lear. I f  th i s  parti cu lar  part of  the  l ung shows prominent 
markings then i nterst i t ia l  d i sease at the l ung base is l i ke ly. Th is ru le 
is particu lar ly  he lpfu l i n  fema les when part of the l ung projects j ust 
latera l to the overlying breast shadow because the breast dens i ty 
somet imes m imics l ung pathology. 

Take a l l  of the l ung markings and throw them away. Remember, it i s  
j ust the  vessels that you should th row away. I n  most cases th is can be 
clone, metaphorica l l y  speak ing, fa i r ly eas i ly. 

Vesse ls  th rown away: noth ing left = c lear l u ngs 

Vesse ls  th rown away: fine shadows remai n = interst i tia l 
d i sease l i ke ly  

Figure 3.6 The CXR raises the possibility o f  increased interstitial shadows. This equivocal 
appearance is a common dilemma. Careful scrutiny and applying the "throw away the 
vessels " rule (see the magnified image) shows that the lung is clear. 
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T H E  CXR: NOT A LWAYS EASY TO ASSESS 

Someti mes there is an "emperor's new clothes" approach to the imp l i ed 
ease with which the d i st inction can be made between a lveo lar  d i sease and 
intersti t i a l  d i sease on a CXR.  Take such c la ims  wi th  a p i nch of  sa l t .  I n  a number 
of i n stances you w i l l  find that i t  is very d i fficu l t  to decide whether the c lass ic 
featu res (Tab le 3 . 1 ) are actua l l y  present ( Figs 3 .9 and 3 . 1 0). A l l  the same it is  
often poss ib le, fol lowing a ca refu l ana lysis, to recognise a part i cu la r  pattern. I f  
a part icu la r  pattern can  be identified then a legit imate d ifferentia l  d iagnosi s  can 
be suggested (Table 3 .3 ) .  

Figure 3 . 7  Pneumonia. Classic 
alveolar pattern. Fluffy shadowing. 

Figure 3.9 The pattern is difficult to 
categorise. Neither classically alveolar 
nor classically interstitial. We are 
not able to pigeonhole the shadow 
pattern in this case. 

Figure 3.8 Interstitial fibrosis. Classic 
interstitial pattern. Reticulo-nodular 
shadowing. 

Figure 3.1 0 The pattern is neither 
classically alveolar nor classically interstitial. 



[ii] PART A: CORE KNOWLEDGE 

D I FFERENTIAL D IAG NOSIS '-4 

Frequent ly, a c lassica l a lveo lar  or i nterst i t ia l  CXR pattern is domi nant (Tab le 3 .3 ) .  
A domi nant pattern a l lows a selective differentia l diagnosis to be  cons idered. 
When l i n ked to the c l i n ical h i story, phys ica l  exami nation, and l aboratory tests, 
then the l i ke ly  diagnosis usua l ly emerges ( F igs 3 . 1 1 -3 . 1 4). 

Table 3.3 Differential  d iagnosis. 

Dominant alveolar I airspace pattern 

Adul ts :  

Pulmonary oedema: 

cardiac 

non-cardiac 

Lobar pneumonia 

Haemorrhage 

Lymphoma 

B ronchio loa lveolar cel l  carcinoma 

Adult respiratory distress syndrome 
(early) 

Aspiration pneumonia 

I nfants: 

Hya l i ne membrane disease 

Transient tachypnoea of the newborn 

Dominant interstitial pattern 

Pulmonary oedema 

Pneumonia: 

viral 

Pneumocystis carinii - ear ly 

Tubercu losis 

Sarcoid 

Idiopathic pulmonary fibrosis 

Rheumatoid l ung 

Sclerodema 

Lymphangitis carci nomatosa 

Crack smoking 

Figure 3.1 1 Alveolar pulmonary oedema. Figure 3.1 2 Interstitial pulmonary oedema. 



ALVEOLAR DISEASE VERSUS INTERSTITIAL DISEASE [39] 

Figure 3.1 3 Alveolar 
pattern. Pulmonary oedema. 
Patient using intravenous 
heroin. 

Figure 3.1 4 Interstitial 
pattern. In this patient . .  
sarcoidosis. 
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CONFUSION: I NTERSTITIAL FI BROSIS & ALL THOSE ACRONYMS 

"What is it? " 

reoo�1 IIP? CJ1p? col'? 

4's1p1 ,,,? AIP? (/P_� .RB�IlJl? 
"''''? y,\\\\\31 

Very often the cause of a chronic interstitia l pattern (or a honeycomb appearance) 
on the CXR w i l l  be obvious because of a particular c l i n ical h istory and the age-old 
principle: common thi ngs occur common ly. 

When the diagnosis remains obscure then CT wi l l  frequently suggest the probable 
cause5-u I n  some patients a l ung biopsy wi l l  sti l l be necessary. 

The CXR 

Various classifications/ descriptions of  interstitia l fibrosis are i n  use. The n umerous 
acronyms can be very confusing. The confusion started after the h istopathologists 
separated out several of the different disease processes. Chest physicians and CT 
radiologists then sought to match and mirror the microscopic f indings with the CT 
patterns. Some of the acronyms are those used by h istopathologists, some are those 
used by radiologists, and some are used i ncorrectly. 

Remember, the CXR is a pla in,  s i mple, and very modest exami nation . It recogn ises its 
l imitations and leaves the sophisticated separation of the B I Fs from the BANGs to CT or 
to a l u ng b iopsy. 

In a patient with dyspnoea and a chronic interstit ial CXR pattern, we use the fol lowing 
approach. The CXR shadows wil l  represent either (A) or (B):  

(A) True interstit ial fibros is.  

Either: A compl ication or residuum of an al ready known disease or consequent 
on an extrinsic stimul us. Examples i ncl ude: granu lomatous diseases 
(tuberculosis, sarcoid); col l agen-vascu lar diseases (rheumatoid arth ri tis, 
progressive systemic sclerosis); gastro-intestinal  disease (aspi ration 
pneumonitis); iatrogenic - radiotherapy or drug-related (Am iodorone, 
N i trofurantoin, Methotrexate, B leomycin); occupationa l disease (asbestosis, 
s i l icosis); extrinsic a l lergic a lveol it is  (bird fancier's l u ng, farmer's l ung) . 

Or: Aetiology unknown, i .e. cryptogenic fibrosing alveol it is (id iopath ic 
pul monary fibrosis). The h i stopathologists cal l  this usual i nterst it ia l 
pneumonia ( U I P). 

(B)  Lung disease that can mimic the CXR appearance of i nterstitia l fibrosis. 

This i nc l udes: lymphangitis carci nomatosa; eosinoph i l ic pneumon ia; 
Langerhan's cel l  h i stiocytosis; bronch iol it is obl i terans with organis i ng 
pneumonitis (BOOP); lymphangio leiomyomatosis. 
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L .  P N E U MO N IA AN D 

T H E S I L H O U ETTE S I G N  

The CXR i s  excel lent for detect ing the presence and extent of most pneumonias . 
A l l  the same, on the CXR some pneumon ias are furtive and secretive and do 
the i r  best to h ide. Fortunately there is help at hand-the s i l houette s ign . I f 
you look for the s i l houette sign then you w i l l  be able to detect these h idden 
pneumonias.  

P N EUMONIA 

" Words, like eyeglasses, blur everything that they do not make clearer" ' 

Bronchitis: 

Pneumonia: 

Lobar pneumonia: 

Bronchopneumonia: 

Lung consolidation: 

Alveolar shadowing: 

Acute or chronic inflammation of the l in i ng of a bronch us. 

An inflammation, usual ly due to infection, i nvol vi ng the 
a lveo l i .  

Pneumonia involving a large part o f  a lobe. Someti mes the 
entire lobe is involved. 

Pneumonia plus bronch i tis. The involvement of the bron ch i  
and bronch ioles dominates over the alveolar i nflammation'. 
The pathol ogica l process occurring in bronchopneu mon ia is 
frequently unappreciated. 

The term "consolidation" is often used to describe pneumon ic 
changes on a CXR. Th is can lead to misunderstand ings 
because consolidation refers not only to i nfection, but to any 
pathological process that fi l l s  the a lveol i with either pus, blood, 
fluid, cel ls  . . .  even lunch or pondwater. 

Pneumonia is by far the commonest cause of an area of CXR 
consolidation. Consequently, some phys ic ians use the two 
words- pneumonia and conso l idation -synonymousl y but 
incorrectly. You need to be aware of this tendency. We favour 
using the word "consol idation" only when its generic meaning 
is impl icit. 

The genera l l y  accepted term when describi ng the CXR 
appearances of lung consol idation (see Chapter 3 , pp. 32-3 5 ) . 
Air  space shadowing = a lveolar shadowi ng. The two tenms are 
used synonymously. 
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Figure 4.1  (a) Lobar pneumonia; righl upper lobe. The alveoli are stuffed full of pus. 
(b) and (c) Normal lung; the alveoli are healthy and full of air. (d) Bronchopneumonia; lefl 
lower lobe. The bronchial walls, bronchioles, and the alveolar walls are inflamed and some 
pus has accumulated in the alveoli. Note: wilh bronchopneumonia it is the inflammation 
involving the bronchi and 1he bronchioles thal predominales. 
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T H E  CXR A N D  PNEUMONIA 

Three rules o f  thumb: 

The CXR appearances of a lobar pneumonia, essent ia l ly an a lveolar fi l l i ng 
process, a re usua l l y  obvious .  

A very ear ly bronchopneumonia, when the i nflammation is ma i n ly affecti ng 
the bronch i  and bronchioles, can be d i fficu l t to detect. 

Making a precise d isti nction between a lobar pneumon ia and a 
bronchopneumonia on the CXR wi l l  somet imes be difficu lt .  I l l -defi ned 
shadows in the context of an acute i nfection can then on ly be described 
as . . .  pneumonia .  

Table 4.1  CXR features: lobar pneumonia versus bronchopneumon ia3•4. 

Pneumonia CXR shadows Occasional additional Likely organisms 
features 

Lobar Homogeneous May show an a i r  Streptococcus 
throughout much or bronchogram pneumoniae 
most of a lobe 

Pleura l  effus ion 
(pneu mococcus) 

Or 

Non-segmenta l *  May produce swe l l i ng Klebsiella 
- i .e. patchy but or expansion of the pneumoniae 
confined to a lobe affected lobe 

May cavitate 

Broncho- A spectrum of Mucus plugging Numerous, i nc lud i ng: 
pneumonia5•6 appearances varying and i nflammatory 

Klebsiella from near normal to narrowi ng of the 
grossly abnorma l bronchi can resu l t  pneumoniae 

M i l d - peribronchial 
in  some moderate Escherischia coli 
volume loss in the 

thickening causing affected lobe/ lobes Pseudomonas 
smal l ,  i l l-defined, 
nodules 1,leural effusion Staphylococcus 

aureus 
In general, the 

Streptococcus nodu lar and l inear 
opacities are pneumoniae 

scattered and diffuse (pneumococcus) 

When severe -the Anaerobes 

nodules en large and 
coalesce 

*A lung segment is an a natomical subdivision of a lobe of the l ung. Each segment is 
served by a major branch of the lobar bronchus. There are 1 0  segments in the right lung  
and 9 segments in  the  left l ung. 
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P N E U M O N I A  CAN H I DE: T H E  S I L H O U ETTE S I G N  

B E N  FELSON'S S ILHOUETTE SIGN7·8 

Silhouette: the outl i ne of a sol id object. A lso the representation of such an � 
outl i ne, but fi l led solely with black or co lour and used as a picture. It is often 
c lai med that the word owes its orig in- because of the lack of any fi l l ing-
to Etien ne de S i l houette, a notoriously miserly finance min ister to King 
Louis XV of France. 

Silhouette sign: an intrathoracic lesion touch ing a border of the heart, aorta, or 
diaphragm w i l l  obl i terate that border on the CXR. An intrathoracic lesion not 
anatomica l l y  contiguous with a border wi l l  not obl iterate that border. 

Misnomer: The term "si l houette sign" is a del i berate misnomer- convenient shorthand. 
The s i lhouette sign principle actua l ly refers to the loss of part of the s i l houette. 

Ben Felson: a ground-breaking twentieth-century American radiologist and a wonderful 
teacher. He was not the first person to describe the s i l houette sign but the description is 
invariably associated with his name. 

On a norma l CXR the wel l -defi ned borders of the heart and the domes of the 
d iaphragm are v isua l i sed because the adjacent norma l l u ng p rovides a flawless 
i nterface. I f  a pneumonia ( i .e .  pus-fi l led a lveol i / i nflamed bronch io les) abuts 
one of these i nterfaces then the sharp marg in  ( heart or  d iaphragm) is lost. The 
CXR appearance of a b lu rred or m iss ing i n terface is referred to as the s i l houette 
sign7·8. 

Figure 4.2 Normal appearances. 
Note the clean, well-defined margins 
of the heart and domes of the 
diaphragm. The left lateral margin 
of the descending aorta is also we/1-
defined. 

Figure 4.3 Normal CXR. There is neither 
blurring nor effacement of any part of the 
silhouette of the heart or domes of the 
diaphragm. 
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C L I N I CAL APPLICATIONS OF THE S I L H O U ETTE S I G N  

APPLICATION 1 

Whenever i nfection is suspected it is essential that eval uation of the CXR a lways 
i nc l udes checking whether a s i l houette s ign is present. Loss of part of the 
s i l houette of the heart border or of the d iaphragm may be the on ly abnorma l 
feature on the CXR. Th i s  a l lows the precise posit ion of the abnormal i ty to be 
deduced ( F ig .  4.4) .  

(a) (b) 

(c) (d) 

Figure 4.4 Four patients present with a cough and fever. The silhouette sign tells us that 
there is consolidation (pneumonia) in: (a) the left lower lobe - beca use the left dome of 
the diaphragm is blurred; (b) the lingular segments of the upper lobe-because the left 
heart border is blurred; (c) the middle lobe- because the right heart border is blurred; 
(d) the right lower lobe- because the right dome of the diaphragm is blurred. 
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Figure 4.5 Cough and fe1rer. Right mid zone shadow and effacement of the heart border. 
The frontal CXR indicates middle lobe pneumonia. The lateral view confirms the diagnosis. 

Figure 4.6 Cough and fever. (a) The left dome of the diaphragm is ill-defined . . .  and 
so is the lateral margin of the descending aorta. These features indicate left lower lobe 
pneumonia. (b) Following treatment, a repeat CXR obtained six weeks later shows that all 
of the normal sharp borders and margins have returnee/. 
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APPLICATION 2 

The s i l houette s ign i s  not solely appl icable to pneumonia .  It can be appl i ed 
to any water density l es ion that is i n  contact wi th the med iast i nu m  or the 
d iaphragm. Examples:  lobar col lapse, l ung tumou r, mediast i na l mass. 

Figure 4.7 Middle-aged 
patient with a chronic cough. 
The CXR shows an ill-defined 
left dome of the diaphragm 
but a normal left border 
of the heart (arrows). In 
addition, note the increased 
density projected 01;er the 
left side of the heart. These 
fea tures indicate pathology 
in the left lower lobe. The 
lateral view showed a large 
lower lobe mass. Bronchial 
carcinoma. 

Figure 4.8 Another example 
of the silhouette sign . A 
mass lesion overlies the right 
hi/um. The right border of 
the heart is obliterated- i.e. 
it is not sharply defined. 
Nole that the right dome 
of the diaphragm remains 
wel/-clefinecl. These findings 
indica te that the lesion is 
intimately related lo the 
margin of the heart. This was 
a benign mass-a pericardia/ 
cyst. 
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Caution: some common pitfalls8 

1 .  A wel l-defined and clear ly identifiable r ight heart border w i l l  on ly  be seen 
if  it projects beyond the thoracic vertebrae. In a sma l l  percentage of normal 
i nd iv idua ls  the heart does not do so. 

2 .  A depressed sternum can produce loss of the right heart border, an 
appearance wh ich m im ics middle lobe pneumon ia (F ig .  4 .9 ) .  Th i s  i s  
because: ( a )  the  depressed sternum pushes the  heart poster ior ly and to the 
left; and (b) bunch i ng of the soft tissues of the deformed chest wa l l  causes an 
i nc rease in dens ity. 

3 .  Some normal peop le have pu lmonary vessels or fat c losely app l i ed to a heart 
border. Either may resu lt in a fa lse posit ive s i l houette s ign.  Fat as a cause 
of b l urr ing of the right heart border may be present i n  as many as 4% of 
patients aged 50 and over (see Chapter 1 6, p.  2 3 8) .  

4 .  A large amount of  fat (prosperous midd le age) can be s ituated between the 
pericard i um, l ung, and dome of the d iaphragm. Occasiona l ly this fat w i l l  
b l u r  part o f  a dome. 

5. Be ca refu l with some bedside radiographs9·rn I f  the x-ray beam is ang led 
upwards it can project extrapleura l  fat over the base of the left l ung. 
Th i s  techn ical effect can cause loss of defin ition of the left dome of the 
d iaphragm '0. 

Figure 4.9 Pitfall. The indistinct 
right heart border and the right mid 
zone shadowing are caused by a 
depressed sternum. 

Figure 4.1 0 Pitfall. The blurred area on 
the right heart border is caused by adjacent 
epicardial fat. This is not a pneumonia. 
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APPLICATION 3 

The absence of a s i l houette sign can te l l  you where a shadow (consol idat ion or 
mass) i s  not situated (F ig .  4 . 1 1 ) . 

Figure 4.1 1 The patient on the left has consolidation in the left lung . . . but the left heart 
border remains sharp and clear. This consolidation must be in the lower lobe; it is not in a 
lingular segment of the upper lobe. The patient on the righ t has consolidation in the right 
lung . . .  but the right heart border remains sharp and clear. This consolidation must be in the 
lower lobe; it is not in the middle lobe. 

(b) 

Figure 4.1 2  Silhouette sign . . .  not infallible. Sometimes consolida tion will be seen on the 
frontal CXR and the dome of the diaphragm remains sharp and clear (a) . Yet a lateral CXR 
(b) shows that the consolidation is situated in the lower lobe. This can occur when the 
consolidation is situated far posteriorly- we/I below the highest point of the dome of the 
diaphragm. 
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P N E U MO N I A - A  S I X-WEEK R U L E  --------
Sometimes an  important question w i l l  be raised - cou ld  there be an  under ly ing 
bronch ia l  carc i noma i n  th i s  patient who has CXR evidence of pneumon ia ?  I f  
there a re no speci fica l l y  worry ing socia l  (e .g.  smoking), c l i n i ca l ,  or rad io logica l  
features then the fol l ow ing approach is recommended: 

There i s  no need to rush to repeat the CXR if the patient i s  c l i n ica l l y  wel l  or 
improvi ng. In approximately 73% of patients with a commun ity acqu i red 
pneumonia the CXR wi l l  be clear at s i x  weeks5. Some s imp le  pneumonias 
take even longer to c lear6. 

Adopt the six-week CXR rule: fol lowi ng the i n i t ia l  CXR in a patient who i s  
now wel l ,  d o  not repeat the CXR before s i x  weeks. I f  t h e  C X R  i s  not c lea r  
a t  s i x  weeks then:  (a) I f  the patient i s  sti l l  wel l a n d  there are no worry ing 
featu res, obta i n  CXRs at  four-weekly in terva l s  in  order to ascerta i n  that 
clearing is conti n u i ng; (b) For a l l  smokers older  than 40 years, and for any 
patient with another r isk factor or c l i n i ca l featu re for l ung cancer, then 
arrange bronchoscopy6 or CT. 

REFERENCES 

1 .  Joseph Jonbert. French essayist and  mora l i st ( 1 754-1 824) .  

2 .  G lossary of terms for thoracic  rad io logy: recommendations of the 
Nomenc lature Committee of the F le i schner Society. AJ R 1 984; 1 43 :  
509-5 1 7. 

3 .  Reed JC .  Chest Radiology: P la in  F i lm Patterns  and Differential D iagnos is .  
5th ed. Phi ladelphia,  PA: Mosby, 2003 . 

4. ltoh H, Tokunaga S, Asamoto H, et a l .  Radiologic-pathologic corre lat ions of 
sma l l  l ung nodules with spec ia l  reference to peribronch io lar  nodu les .  AJ R 
1 978; 1 30 :  2 23-2 3 1 .  

5 .  M ittl RL, Schwab RJ, Duch i n  JS  et a l .  Radiograph ic resol ut ion of commun i ty
acqu i red pneumonia .  Am J Respi r  Crit Care Med 1 994; 1 49 :  630-63 5 .  

6.  Johnson J L .  S lowly resolv ing and nonresolv ing pneumon ia .  Postgraduate 
Medic ine 2000; 1 08 :  1 1 5-1 2 2 .  

7 .  Fe lson B ,  Fel son H .  Loca l i zat ion of in trathorac ic  lesions b y  means o f  the 
postero-anterior roentgenogram:  The s i l houette sign. Rad io logy 1 950;  55 :  
3 63-3 74. 

8 .  Fe l son B .  Chest Roentgenology. Ph i ladelphia, PA: WB Saunders, 1 973 .  

9 .  Hol l man  AS, Adams FG. The i nfluence of  the  lordot i c  projection on the 
i nterpretat ion of the chest radiograph. C l i n  Radiol 1 989; 40: 3 60-3 64. 

1 0. Zyl ak  CJ, L ittleton JT, Duri zch ML.  I l l usory conso l i dat ion of the left lower 
lobe: a p i tfa l l  of portab le rad iography. Radiology 1 988; 1 67 :  653-655 .  



LOBA R  CO L LA PS E  

I t  is  very important to recogn ise the CXR appearances indicat i ng lobar col l apse. 
The i nexperienced observer w i l l  not fi nd th is easy as some of the five lobes 
produce subt le changes on the CXR. For example, in Fig. 5 . 1  do you recogn ise 
which lobe i s  col lapsed? What i s  your  d iagnosis in Fig. 5 .2 ?  

Figure 5 . 1  Male. Age 55. Recent onset of 
shortness of breath and a cough. Diagnosis 
on p. 68. 

BASI C  TERM I N O LOGY 1-3 

Figure 5.2 Female. Age 48. Unexplained 
loss of weight. Recent coughing episodes. 
Diagnosis on p. 68. 

Occasiona l l y  the words "consol idation" and "col lapse" are used 
i nterchangeably. Th i s  is  careless, i ncorrect, and leads to confus ion .  

Consolidation: An essenti a l ly homogeneous opaci ty i n  the l u ng characterised 
by l itt le or no loss of vol ume . . .  appl icable only in an appropriate c l i n ica l sett ing 
when the opacity can with reasonable certa inty be attributed to replacement of 
a lveolar  a i r  by exudate, transudate, or cel l debris . 

Atelectasis: A synonym for co l l apse ( i .e. vol ume loss). Atelectas is i s the favou red 
term in the USA. Very sma l l  areas of col lapse/atelectas is  may produce a l i near 
shadow, which i s  often, but not a lways, hori zonta l .  Th i s  is usua l ly referred to as  
"plate- l i ke", " l i near", or  "subsegmental "  ate lectas is. Derivat ion of "Atelectas i s" 
from the Greek: Ateles = i ncomplete, Extasi s = expansion . 



LOBAR COLLAPSE [Si] 

Lobar and total l u ng atelectasis (co l l apse) a lso occur. These larger varieties of 
ate lectasis a re usua l ly assoc iated with increased density in the affected part of 
the a i rl ess l u ng. To d iagnose lobar atelectasis there must be spec i fic evidence of 
vol ume loss such as d i sp lacement of a fissu re, med iast i num or h i l u m .  E levation 
of a hem id i aphragm or a decrease in the spac i ng between the r ibs can a l so be 
signs associated with atelectasis. 

Collapse: Precise use of language d i ffers between phys ic ians in d i fferent 
countries. In the USA the word "col lapse" genera l ly connotes tota l ate lectasis 
( i .e .  tota l loss of vo lume of a l u ng or lobe). In everyday practi ce, North American 
phys ic ians refer to a l l  degrees of col lapse-whether l a rge or sma l l -as 
"atelectas is" .  I n  the U K  the word "col lapse" has  a more general mean ing  and i s  
ut i l ised however la rge or sma l l  the amount  of  volume loss. 

W H ITE AREA ON TH E CXR- CLARI F ICATI O N S  

• Lung conso l idation appears as a wh ite (an extra dense) a rea on the CXR. 
The most common cause i s  pneumon ia. A s imple pneumonia w i l l  not be 
associ ated with any major loss of vol ume in the affected lobe. 

• Lobar col lapse: the affected lobe is a lso usua l ly wh ite . . .  but  volume loss w i l l  
be  evident. The wh i teness is because: (a) t he  affected l ung t i ssue occupies a 
sma l l er vol ume, (b) it has no a i r  with i n  it, and (c) mucus secret ions back up 
and co l l ect i n  the a lveo l i .  

• Exceptions: sometimes lobar col lapse is very rapid and the lobe co l l apses 
to a paper t h i n  structu re/s l ice. When this occurs the col lapsed lobe w i l l  
not necessari ly b e  very whi te .  S im i l ar ly, longstand ing ( i .e .  chron ic) lobar 
co l l apse can lead to scarri ng and contraction of the lobe. The shrive l l ed lobe 
may become a sma l l  remnant of l ung tissue and may not be very wh ite at a l l .  

• When l u n g  consolidation ( i .e. a white a rea) i s  associated with lobar col lapse 
then th is  often sign i fies very bad news. Obstructive col l apse is common and 
i t  i s  a lways worrying (Table 5 . 1 ) . 

Table 5.1 L ikely cause of a col lapsed lobe by presentation. 

Patient Likely cause 

Middle-aged smoker 

Two days after surgery I 
in the i ntensive therapy 
un i t  

Asthmatic 

Toddler/young ch i ld  

Bronchia l  carcinoma 

Mucus plug or incorrect position of an endotracheal tube 

Mucus plug 

I nhaled foreign body 
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TYPES OF COLLAPSE I ATE=L-EC_T_A_s_1s __________ _. 

Three different d isease processes represent the most common ca uses of vol u me 
loss (Table 5 .2) .  A fourth type of col l apse/atelectas i s  is a lso recogn i sed . Th i s  i s  
termed adhesive col l apse, and occu rs in neonata l  surfactant defic iency, i n adu l t  
respi ratory d i stress syndrome, and as a compl ication of  smoke i nha l at ion . 

Table 5.2 The common mechanisms causing volume loss. 

Type (also known as) 

Obstructive (resorptive) 

Compressive (passive, relaxation) 

Cicatrisation (fibrotic) 

Examples 

I ntri nsic occl usion : 

tumou r 

mucus pl ug 

foreign body 

Compression by: 

pleu ra l f lu id 

pneumothorax 

adjacent 
i ntrapul monary 
space occupyi ng 
l es ion 

Fibrotic contracti on due to: 

tubercu los is 

radiotherapy 

pu l monary fibrosis  
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CO LLAPSE ANALYSIS:  BASIC ANATOMY 

THE NORMAL FISSU RES 

We need to understand where the norma l fissu res a re pos i t ioned . 

(b} 

Figure 5.3 Normal fissures. (a) The 
horizontal fissure in normal position. The 
fissure is only visible in part or in whole on 
67% of normal CXRs (see p. 24 7 ) .  

(b) The horizontal and right oblique fissure. 
(c) The left oblique fissure. (d) Sometimes 
the horizontal fissure appears as two 
lines on the frontal CXR (see p. 24 1 ) . The 
explanation is shown in ( e); the fissure is 
single but not perfectly horizontal-it has 
taken a small step, or undulation, in the 
horizontal plane. 

(c) 

(e) 
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THE NORMAL H I LA 

When a lobe co l lapses th i s  frequently a l ters the posit ion of the hi I u m .  The one 
exception i s  col lapse of the m iddle lobe. So we need to understand how to 
assess the posit ion of each hi I um. H i la r  anatomy and posit ion are described 
in Chapter 6 (pp. 70-73) .  F igs 5 .4-5 .6 i l l ustrate the norma l h i l a r appearances.  
These figures can be used as base l i ne norma ls as you eva l uate the various 
examples of lobar co l l apse that now fol low. 

Figure 5.4 The normal hilar 
shadows. The left hi/um is higher 
than the right in 95% of normal 
CXRs. In 5% the hi/a are at the same 
level. The right hi/um is never higher 
than the left on a normal CXR (see 
p. 240). The horizontal hi/a vees 
(red arrowheads) are explained in 
Chapter 6, p. 73. Figure 5.5 Normal hi/a.  The left hi/um 

is higher than the right Both lower lobe 
main pulmonary arteries are identified (see P ..... �,,.�=--:--=:i:'llll•lll!• Chapter 6, p. 7 7  ). 

Figure 5.6 Normal hi/a and lower lobe 
pulmonary arteries. The "little finger" 
analogy: the right lower lobe pulmonary 
artery is clearly visible as a "little finger ". The 
left lower lobe pulmonary artery shows the 
"proximal part of a little finger". This analogy 
is described in Chapter 6, pp. 7 1-73. 
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LOBAR COLLAPSE - G EN ERAL FEATU RES 

We wi l l  concentrate on the most common type of lobar col lapse- obstructive. 

Col lapse of a lobe: 

Wi l l  show evidence of vo lume loss (e.g. di splacement of a fissu re, hi I um,  
trachea, or med iasti num) .  Sometimes there wi l l  a l so be e levat ion of  a dome 
of the d iaphragm and/or decreased spacing between the ribs. 

May show evidence of over-i nflation of the adjacent unaffected lobe(s) . 
Th is compensatory over-i nflation can cause hypertransradiancy ( i .e .  
i ncreased b lackness) of  the  ips i latera l hem ithorax. Al so, the  vessels i n  the 
over-expanded lobe(s) may be more widely separated compa red with the 
opposite normal l ung (F ig .  5 . 7) .  

Figure 5.7 Lobar collapse 
will a ffect the other lobe( s). 
The right upper lobe shows 
partial collapse. The middle 
and lower lobes over-inflate 
and as a result often appear 
slightly blacker than the 
normal opposite lung. Also, 
the normal vessels in the 
over-inflated middle and 
lower lobes frequently 
appear more spread out than 
in a matching area in the 
opposite normal lung . . .  as 

L---' ......... -------��-�-�-�-�_J shown in the two boxes. 
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LOBAR COLLAPSE - SPECIF IC  FEATU RES 

COLLAPSE OF THE RIGHT LOWER LOBE 

On the fronta l  CXR:  

Obl iq ue fissure moves posteriorly and med ia l ly. The med ia l d i spl acement  
of th i s  fissure causes i t  to be seen i n  profi le and i t  forms the latera l edge of a 
tri angu la r  density projected over the heart. 

• R ight h i l u m  is depressed. 

R ight lower lobe pu l monary artery i s  not visua l i sed. 

Medial aspect of the r ight dome of the d iaphragm is obscured .  

Latera l margin o f  t he  adjacent vertebrae i s effaced . 

Figure 5.8 Collapsed right lower 
lobe. The triangular density of the 
collapsed lower lobe is easy to 
detect. When the collapse is more 
severe then it can be much more 
difficult to recognise because the 
lobe is tucked in behind the heart 
against the spine. However, hilar 
and lower lobe pulmonary artery 
changes (Fig 5. 7 2b) will be evident. 

Figure 5.9 Collapsed right lower lobe. The 
oblique fissure has moved posteriorly and 
forms the anterior border of the collapsed 
lobe. 



Figure 5.1 0 Collapsed right lower 
lobe. Classic triangular shadow. 
Note the effacement of part of 
the dome of the diaphragm, and 
effacement of the adjacent vertebral 
margin. 

LOBAR COLLAPSE 59 

Figure 5 . 1 1  Major collapse of the right 
lower lobe. Contrast this CXR with Fig. 5. 7 0. 
The abnormal fea tures are more subtle. Note 
that the right lower lobe main pulmonary 
artery has disappeared (it lies within the 
collapsed lobe) . The remainder of the right 
lung is hypertransradiant  (i.e. blacker than 
the normal left lung). 

Figure 5 . 1 2 The lower lobe pulmonary arteries on each side can be likened to a 
"little finger". This is explained on p. 7 1 .  When a lower lobe collapses the "little finger" 
disappears. (a)  Normal CXR with "little finger" lower lobe pulmonary arteries visible. 
(b) Right lower lobe collapse. The righl lower lobe pulmonary artery (the "little finger") 
is not visible- it is hidden behind the heart within the collapsed lobe. 



[6{i] PART A: CORE KNOWLEDGE 

COLLAPSE OF THE LEFT LOWER LOBE 

On the frontal CXR:  

• Obl iq ue fissu re moves posteriorly and med ia l ly. The media l d i splacement 
and rotat ion of the fissure causes it to be seen i n  profi le and it forms the 
l ateral edge of a tr iangu lar  density superi mposed over the hea rt. 

• Left h i  I um l ies at a lower l evel than usua l .  

• Left lower lobe pu lmonary artery is not v isua l i sed. 

• Media l  aspect of the left dome of the diaphragm is obscured . 

Lateral marg in  of the adjacent vertebrae i s effaced. 

Figure 5 . 13  Major 
collapse of the left lower 
lobe. A triangular density is 
superimposed over the heart. 
Note the hypertransracliancy 
of the overexpancled 
remaining lung (i.e. the left 
upper lobe) when compared 
with the normal right lung. 

Figure 5.1 4 Collapsed 
left lower lobe. The oblique 
fissure has moved posteriorly 
and forms the anterior border 
of the increased density 
overlying the vertebral 
column. Note that the 
posterior aspect of the left 
dome of the diaphragm has 
disappeared (see silhouette 
sign, p. 45). 



Figure 5.1 5 Collapse of the left 
lower lobe. Triangular shadow 
superimposed over the heart. Left 
hi/um abnormally low compared 
with the right hi/um. The lower lobe 
pulmonary artery is not identified. 
Adjacent vertebral margin is 
indistinct. 

LOBAR COLLAPSE YD 

Figure 5.1 6 Collapsed left lower lobe. Left 
hi/um is abnormally low. Increased density 
overlies the left side of the heart. The lower 
lobe pulmonary artery is not identifiecl. 
Part of the outline of the left dome of the 
diaphragm is effaced. 

Figure 5 .1 7 Major collapse of the left lower lobe. Detection is more difficult than for Fig. 
5. 7 5 because the collapse is nearly total. The crucial signs to note: the left hi/um is low and 
the left lower lobe pulmonary artery is not visible; increased density overlying the heart is 
evident but subtle. 
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COLLAPSE OF THE MI DDLE LOBE 

On the fronta l  CXR: 

Horizontal f issure moves i nferiorly . 

.J NB :  th i s  fissu re is not a lways vis ib le .  In patients over 50 the fissu re was 
v is ib le  in on ly  67% of normal CXRs (see data in Chapter 1 6, p. 2 4 1 ) .  

B l u rr i ng of  the r ight  heart border (F igs 5 . 1 8, 5 .20 and 5 .2 1 ) . I ncidenta l l y the 
posit ion of the h i  lum does not a l ter. 

The density in the co l lapsed lobe may be obvious or very subt le . 

Figure 5.1 8 Middle lobe 
collapse. Sometimes the 
associated increase in density 
is very obvious. On other 
occasions the horizontal 
fissure may be clearly 
depressed. Sometimes (as in 
this case) the only evidence 
raising the possibility of 
collapse is blurring of the 

�----------------' right border of the heart. 

Figure 5 . 19  Major collapse 
of the middle lobe. The 
horizontal fissure has moved 
inferiorly and the collapsed 
lobe is dense-it appears like 

�-------------� a slice of cake. 



LOBAR COLLAPSE [63'] 

Figure 5.20 Middle lobe collapse is evident when the two views are assessed as a pair. 
The subtle density (between the arrows) is the collapsed lobe. 

Figure 5.21 
collapse. Subtle change on 
the frontal CXR- a  blurred 
heart border. The lateral 
CXR shows the white wedge 
(or slice of cake) of the 
collapsed middle lobe. The 
CT section also shows the 
collapsed lobe (arrow). 
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COLLAPSE OF THE RIGHT UPPER LOBE 

On the frontal CXR: 

Hor izontal fissure moves superiorly ( Figs 5 .22  and 5 .2 3 ) . 

Right h i l u m  is e levated. 

Co l l apsed l ung i s  dense ( i .e. whi te) . 

In an adu l t, look for Golden's S sign ( Fig. 5 .22) .  Th is wi l l sometimes be 
present when a tumour at the right h i l um is the cause of the lobar co l lapse. 
See Chapter 1 0, pp. 1 47 .  

Figure 5 . 2 2  Major collapse 
of the right upper lobe. 
The collapsed lobe is easy 
to identify. In this example 
there is a bulge overlying 
the elevated right hi/um. This 
bulge is the tumour that has 
caused the collapse, and 
this overall appearance is 
often referred to a Colden 's 
S sign or the re11er e S 
sign of Colden. In clinical 
practice the tumour mass is 
not always evident and the 
appearance of right upper 
lobe collapse in Fig. 5.23 is 

'-----------------------'--.....J more typical. 

Figure 5.23 Young patient. 
Asthmatic. A mucus plug has 
caused collapse of the right 

----------------- upper lobe. 
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COLLAPSE OF THE LEFT U PPER LOBE 

The pattern of col lapse i s  very d i fferent to that seen with right upper lobe 
col l apse. This is because there is no horizonta l fissure on the left side. A most 
pecu l ia r, but characteristic, appearance resu l ts. 

On the frontal CXR: 

A vei l - l i ke densi ty covers much of the left hemithorax. Th is  i s  clue to the lack 
of aeration wi th in  the col lapsed upper lobe. 

Left heart border is obscu red - i n whole or i n  part. 

Left h i l u m  is e levated . 

The Lufts ichel  s ign may be p resent. . .  i .e .  a crescentic l ucency a round the left 
side of the aortic knuck le (F ig .  5 .2 6) .  I t  is caused by the overexpanclecl ap ica l  
segment of  the left lower lobe posit ion ing i tself between the co l l apsed upper 
lobe and the aort ic a rch . 

Figure 5.24 Collapse of the 
left upper lobe. Note the classic 
features: veil-like opacity overlies the 
left lung and the left heart border is 
ill-defined. 

Figure 5.25 Collapse of the left upper lobe. 
The oblique fissure has moved far anteriorly. 
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Figure 5.26 Collapse of the left upper lobe. The lateral CXR confirms the diagnosis. The 
oblique fissure (arrows) is displaced anteriorly. Note: this is the same frontal CXR as Fig. 
5. 7 .  The underlying lesion was a bronchial carcinoma .  On the frontal CXR the Luitsichel 
sign is present. On the lateral CXR a lucent (black) area is present. Although it appears to 
outline the anterior margin of the collapsed lobe, this is a common misconception. This 
well-defined margin is actually the anterior wall of the ascending aorta outlined by part of 
the right upper lobe which has herniated across the midline4. 

(a) (b) (c) 

Figure 5.27 Collapse of the left upper lobe can cause slightly different appearances on 
the lateral CXR. In effect there is a race between the degree of collapse and the build up 
of secretions in the collapsed lobe. If the collapse occurs slowly then the lobe becomes 
full of secretions or pus and the collapse is not total-patients (a) and (b) . If the bronchial 
obstruction is nearly complete and occurs quickly, e.g. a mucus plug and some bronchial 
carcinomas, then the lobe collapses very swiftly and the collapse is total-patient (c). 
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PITFA LLS: B EWARE OF IMPOSTE RS ---
There are various benign appearances that can superficia l ly m imic some of the 
changes of lobar co l l apse on the frontal CXR (Table 5 . 3 ) .  Whenever you are 
in any doubt, a lways obta in a lateral CXR. The latera l rad iograph w i l l  confi rm 
whether or not pathology is present. 

Table 5.3 Benign appearances which can occasiona l ly  be mistaken for lobar col lapse. 

Collapse Imposters 

Right upper lobe 

Middle lobe 

Right lower lobe 

Left lower lobe 

Left upper lobe 

Azygos fissure (Fig. 5 .28)  

Unfolded neck vessels i n  the elderly
usua l l y  only on a supine CXR 

Depressed sternum 

Normal vessel (or fat) touching the heart border 

Epicardial fat pad 

Accessory fissure (developmental variant) 

Unfolded aorta 

H iatus hernia 

is unique-no impersonators! 

Figure 5 .28 An azygos fissure is a common normal variant. fl should not be confused 
with an elevated horizontal fissure. This fissure is formed when the azygos vein crosses the 
apex of the lung as it passes anteriorly lo enter the superior vena cava. As a result of this 
minor congenital anomaly four layers of pleura are pulled down into the lung by the vein, 
which creates an azygos fissure. 
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Figure 5.29 The right heart border is effaced, and there is subtle added density 
suggesting middle lobe consolidation. The lateral CXR shows the depressed sternum which 
is causing the appearance on the frontal CXR. 

Figure 5.30 Unfolded descending 
aorta . . .  the unwary might confuse 
this with left lower lobe collapse. 

Answers to Figs 5.1 and 5.2 on p. 52: 

Fig. 5.1 : Col lapse of the left upper lobe. 

Figure 5.31 A large epicardial fat collection 
could be misinterpreted as consolidation 
or collapse- within the right lower lobe. 

Fig. 5.2 :  Shadowing in the middle lobe . . .  a lateral CXR showed col lapse (i .e . fissure 
displacement) of the lobe. 

Both patients had an underlying bronch ial  carcinoma. 



AN I NTERESTI NG CON DITION 
ROU N D  (OR ROU N DED) ATELECTASIS5,6 

Aetiology I pathology 

LOBAR COLLAPSE (69] 

Occurs in patients who have long-standing pleural thicken i ng. It represents an infolding 
of the visceral pleura around an area of col lapsed l ung tissue. 

Clinical features 

Usual ly an inc idental CXR findi ng. Some, but not a l l ,  patients have been exposed to 
asbestos in  the pasts. The appearance may be mistaken for a lung tumour. 

The CXR 

A mass in  contact with  a pleural surface, 2 .0-5 .0  cm in  diameter. It may be a l most 
round, or oval, or lobu lated, or irregu lar or even wedge-shaped. 

Adjacent pleural thicken ing. 

May become visible when a pleural effusion starts to absorb. Easi ly confused with a 
peripheral bronchia l  carcinoma. 

A benign lesion. I t  can remain  unchanged for years. Sometimes, it resolves 
completely. CT characteristics can help to distinguish round atelectasis from a 
carcinomas·•. 

NB: not to be confused with round pneumonia (see p. 1 99). 
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6 H I LA A N D 

H I LAR A B N O RMALIT I ES 

Assess ing the h i lar  shadows can be difficu lt. Accurate assessment requ i res a 
basic understanding of the norma l anatomy. 

BASIC ANATOMY 1,2 

• Components: 

...J 99% of each h i l a r  
shadow is due  to vessel s
pu l monary a rteries and to a 
l esser extent veins .  

...J There is a very m i nor 
contr ibut ion from fat, lymph 
nodes, and bronch ia l  wa l l s .  

• S ize: 

...J There is wide variation 
between normal i nd iv idua ls  . 

...J U nusua l  prom i nence of a 
h i  I u m  is frequently due to a 
technica l  factor (e.g. rotation) 
or to a skeleta l abnormal ity 
(e.g. scol iosis) .  

Shape: 

...J There are no l umpy, bumpy 
elements to a normal  h i l u m  . 

...J The vessel margins are smooth, 
and the vessels have branches. 

Pos ition : 

x 

Figure 6.1 The hilar shadows are due to 
pulmonary arteries and pulmonary veins. 
X marks the main pulmonary trunk. 
Blue = pulmonary trunk and pulmonary 
arteries; brown = pulmonary veins; 
pink = part of left atrium . . .  atrial appendage 
not shown . 

...J The superior margin of the left h i l um  is norma l l y  h igher than the r ight. 
Th i s  is  because the left main pu lmonary artery passes over the left ma in  
bronchus whereas the right ma in  pu lmonary artery passes i n front of the 
right main bronchus '·2. The hi la are at the same level in 5% of normal  
CXRs (see p. 240)  . 

...J The important rule: The left h i  I um shou ld never be lower than  the right. 



HILA AND HILAR ABNORMALITIES [7i] 

RELATED ADJACENT ANATOMY 

The lower lobe pu l monary arteries extend inferiorly from the h i l um .  Each is 
the s ize of a l it t le f inger3. 

On the r ight s ide: e i ther the whole of a I i t t le f inger (Fig. 6 .2 )  or at least a 
(metaphorica l )  proximal  phalanx wi l l  be v is ib le i n  94% of normal CXRs. 

On the left s ide: the lower lobe pu l monary artery takes a sharp posterior 
course and is not a lways c learly ident ified. A l l  the same, it appears as  a l itt le 
f inger (or a prox ima l  pha lanx) i n  62% of normal people .  See Chapter 1 6, 
p .  239 .  

Useful rule: A l i tt le  fi nger shadow shou ld  a lways be looked for on both 
s ides. I f  i t  i s  not identified then you shou ld check whether 
there is any evidence to suggest co l l apse of a lower lobe 
(pp.  5 8-61 ) .  

Figure 6.2 The main lower lobe 
pulmonary arteries can be likened to 
a little finger pointing downwards. 
Sometimes -particularly on the left 
side- this arterial shadow comprises 
only the proximal phalanx of the 
finger. We should see these little 
fingers (or at least their proximal 
phalanges) on virtually all normal 
CXRs. 

Figure 6.3 Normal CXR. Both little 
fingers -i.e. the lower lobe arteries -are 
clearly seen. 
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T H E  H I LU M - IS IT TOO H I G H  OR--..T0.-..-0_,L...,O._W ......... ? _____ ....J 

When mak ing th i s  assessment, two approaches a re ava i l able . I n effect, both 
identify a s im i l a r  posit ion or site to look for, but the descriptions d iffer sl i ght ly. 
We have termed these the pur ist's approach and-the one we use-the 
pragmat ist's approach .  

PU RISTS I DENTIFY THE H I LAR POI NT ON EACH SIDE4 

On a CXR the pu l monary veins and a rteries a re i nd istingu ishab le from each 
other i n  the outer two-th i rds of the l ung. I n  the i nner th i rd they can be sepa rated 
because of their  different d i rect ions of travel . Spec ifica l ly: 

• Arter ies radiate out from the h i l u m  and th is  part icu lar  di rection of travel 
a l lows them to be d i st inguished from the pu lmonary vei ns . The veins run 
towards the left atri um .  

• The ma in  upper lobe vei n  converges on  the left atri u m  and can be  identified 
as it crosses the descend ing pu lmonary artery. The l atter is di rected inferior ly  
and media l ly. Th is  cross i ng posit ion is referred to  as the  h i la r point. The left 
h i la r  poi nt is approximately 1 cm h igher than the right. 

• Our problem:  in everyday practice we find that d isti ngu i sh i ng th is vei n from 
an a rtery can be d i fficu l t .  Because of th i s d ifficu lty we have developed a 
pragmat ic approach when defi n ing the level of each h i  I um .  

Figure 6.4 Normal pulmonary 
angiogram. Right lung. Showing the 
large, finger-like, descending lower 
lobe pulmonary artery. 

Figure 6.5 The hi/ar point (red arrowhead) 
on each side. 
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PRAGMATISTS C H ECK THE H I LAR HORIZONTAL VEES 

We have a lways found the purist's descr iption of the h i la r  point j ust a l i tt le bit 
confusi ng. So we adopt a more practical approach. We look for the vee on each 
side as fol lows. F i rst, identify the lower lobe pu l monary artery. Each lower lobe 
artery cur ls  gently downwards and media l ly  and has the approximate d iameter 
of you r  l itt l e  fi nger. Now look for the s i te where the most superior upper lobe 
vessel - either vei n  or artery-crosses the latera l margin of the l i tt le fi nger. 
The poi nt of crossing forms a horizontal vee. The apex of the vee at the left 
h i  I u m  should be h igher than the apex of the vee at the right h i  I u m  (F ig.  6 .6) .  
Occasiona l l y, the two vees wi l l  be at the same leve l .  

Figure 6.6 Normal horizontal vees (green) and descending pulmonary arteries (red). 
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APPLIED ANATOMY - MA I N LY LOBAR COLLAPSE 1'2'5'6 

• F irstly, a lways look for the horizontal vee on each side. 

Whenever a left h i l u m  appears lower than the right h i l um -check whether 
there i s  other evidence suggestive of: 

...1 col lapse of either the left lower lobe or of the right upper lobe; or 

...1 en largement of the right h i  I um (e.g. tumou r  or nodes) . 

If the l itt le finger shadow of the r ight lower lobe a rtery is not seen then you 
m ust check for evidence suggest i ng col lapse of the right lower lobe. 

The s i l houette s ign .  On the frontal CXR the pr incip le of the s i l houette sign 
(p.  45) can be appl ied to any mass l es ion projected over a h i l u m .  If the mass 
is at the h i l um then it wi l l  obscu re the adjacent soft t issues ( i .e .  the margins  
of  the a rteries at  the h i  I u m) .  On the other hand, i f  the mass is s i tuated 
anterior or posterior to the h i l um  then the margins of the arteries at the h i  I u m  
w i l l  not b e  obscured. 

For descriptions of the h i l u m  overlay s ign and the hi I um convergence s ign 
see Chapter 1 6, p .  2 3 3 ) . 

For descriptions of lobar col lapse see pp. 52-69. 

Figure 6.7 The right lower 
lobe is collapsed. The hilar 
vee site on the right side 
is not identified beca use 
the lower lobe pulmonary 
artery is now lost within the 
collapsed and unaerated 
lobe. 
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Figure 6.8 The right hi/um 
is higher than the left hi/um. 
This is an abnormal finding. 
Also there is shadowing 
at the right lung apex. 
Diagnosis: major collapse 
of the right upper lobe. 
Subsequently, proven 
bronchial carcinoma. 

Figure 6.9 Enlarged 
right hi/um due to lymph 
nodes. The hi/um has a 
lumpy, bumpy outline. 
Subsequently, proven 
primary tuberculosis. 
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T H E E U I VOCAL H I LUM - IS IT E N LARG ED? 

Fi rst- make sure that  rotation is not caus ing one h i  I um to appear more 
conspicuous than the other. This is a very common explanat ion for a seem ingly 
en larged h i  I um. Al l  the same, deciding whether a h i  I u m  is abnormal i s  a 
common prob lem. Even the experts have the occasional difficu l ty. 

Second - always enqui re if a previous CXR i s  ava i lab le for comparison . I f a 
previous CXR is not ava i lab le, then ask yourself three q uest ions. If the h i  I u m is  
normal  then the answer to a l l  three questions w i l l  be "yes" . 

Question 1 Is the left h i  I u m  in a normal posi t ion? The left h i I u m  must never 
be lower than the r ight hi I um .  

Question 2 Do the branches of the pu lmonary artery c learly origi nate from 
the s i te of concern? Normal arteries can be promi nent and g ive 
an i n i t ia l  impression that en larged lymph nodes are present. 

Question 3 Are the densit ies of the two h i  l a approxi mately eq ua l ? Anyth ing 
more than a s l ight difference i n  density a lways ra i ses the 
suspic ion that there is abnormal t issue at the h i l um -e.g. a h i l a r  
mass. 

I f  the answer to any of these three questions i s  i n  the negative, then an 
experienced observer shou ld  be asked to give an opin ion .  

Figure 6.1 0  Both hi/a 
appear prominent However, 
the hi/ar vee sites ha ve 
a normal relationship to 
each other, normal arteries 
branch from both right and 
left pulmonary arteries, and 
the density of each hi/um 
is equal and within normal 

'---------------------- limits. Normal CXR . 
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W H Y  IS  T H E  H I L U M  E N LARG ED? 

An en larged h i  I u m  may be due to la rge nodes, tumour  i nfi ltrat ion, or en larged 
arteries (Tab le 6 . 1  ). These are the features to assess: 

• Nodes a re l u mpy, bumpy. 

• Arteri a l  en la rgement: 

..J Arteries w i l l  be seen to be emerging from the h i l a r  "mass"; i .e. the 
a rteries can be traced into and are seen to be part of the "mass" . 

..J Vessels  a lways have smooth margins . 

..J I n  pu lmonary arteri a l  hypertension the arteries i n  the outer two-th i rds of 
each l u ng a re d isproportionately smal ler (diameter) than those at the h i la .  

Compare with previous CXRs. Lack o f  change, o r  obvious i nterva l change, 
w i l l  often favou r  a part icu lar  d iagnosis .  

--"'--������������---� 

Figure 6.1 1 Both hi/a are prominent. They 
show a lumpy, bumpy outline. Lymphoma. 

Figure 6.1 2  Both hi/a are prominent. The 
margins of the hilar vessels are smooth. 
Smaller arteries emerge and are continuous 
with the right and left pulmonary arteries. 
Pulmonary arterial hypertension. 
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Table 6.1 Synopsis: causes of h i lar  enlargement'·5•7·8. 

Uni lateral Bilateral 

Infection 

tuberculosis 

, vira l  infection in chi ldren 

Vascular 

pulmonary artery stenosis 

pulmonary artery aneurysm 

Tumour 

lymph nodes 
(metastases; lymphoma; 
bronch ia l  carcinoma) 

Sarcoidosis 

Tumour 

metastases 

lymphoma 

Vascular 

pulmonary arteria l  hypertens ion 
(chronic obstructive pu lmonary 
disease; mitra l  va lve disease; left
to-right shunt; recurrent pu lmonary 
embolism) 

Infection 

tubercu Iasis (occasiona 1 ly) 

Figure 6.1 3  Bolh hi/a 
are enlarged and lumpy, 
bumpy. Additional right 
paratracheal shadowing. 
Lymphadenopathy. This 
pattern of lymph node 
enlargement (both hi/a and 
right paratrachea/) is highly 

-�-------------------- suggestive of sarcoidosis . 
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Figure 6.1 4 Enlarged left hi/um. It has a lumpy bumpy appearance. Associated left 
pleural effusion. Primary tuberculosis. 
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I P L E U RAL A B N O RMA L IT I ES 

In th i s  chapter we address several d i fferent processes that affect the pleu ra . The 
ma in  emphasis i s  on p leura l  effusion and pneumothorax. 

Pleura = singular; Pleurae = pl ura l ;  Derivation from the Greek (pleura: s ide or rib) 

BAS I C  ANATOMY 

The p leura can be l i kened to a sac enveloping the l ung. This sac has two 
membranous wa l l s-the inner v isceral and the outer parieta l .  

The p leura i s  not v is ib le o n  a normal CXR except where i t  forms part o f  a l ung 
fissure or where the two l u ngs abut each other i n  the m id l i ne (p. 1 1 4) . 

The p leura l  space is a closed cavity between the layers of the v iscera l and 
par ieta l p leura ( Fig. 7 . 1  ). A sma l l  amount of l ubricati ng flu id l ies with in the 
cavity. The l u ng fissures extend between the lobes of each l u ng and are l i ned by 
two layers of visceral p leura ( Figs 7 .3-7 .5) . 

Figure 7 .1 The pleural sac, 
showing the visceral and parietal 
pleural membranes. The visceral 
pleura extends into and lines both 
sides of the horizontal fissure. 

Figure 7 .2 The inferior extent of the 
posterior pleural space is well shown on 
the lateral projection. This posterior depth 
is considerable and not obvious from the 
frontal CXR. 
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Figure 7 .4  The oblique fissure a n d  the 
horizontal fissure separating the three 
lobes o( the right lung. RUL = right upper 
lobe; IV/ L = midclle lobe; RLL = right 
lower lobe. Three anatomical points to 
note: ( 7 ) This lung diHers from the left 
lung primarily because the fissures divide 
it into three lobes. (2) The high position 
of the apical segment of the lower lobe is 
often not appreciated. (3) A sliver of the 
middle lobe touches the anterior aspect 
of the right dome of the diaphragm. 
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Figure 7.3 Horizontal 
fissure. As with all the lung 
fissures it is formed by two 
layers of visceral pleura. 
There is a potential space 
between the two closely 
opposed layers. 

LUL  

Figure 7 . 5  The oblique fissure separating 
the two lobes of the left lung. L UL = left 
upper lobe; LLL = left lower lobe. Three 
anatomical points to note: ( 7 )  The single 
fissure divides this lung into two lobes only. 
(2) The high posilion of the apical segment 
of the lower lobe is often not appreciated . .  
particularly 1vhen only a frontal CXR is 
obtained and a lesion is present in this lower 
lobe segment. (3) A sliver of the upper lobe 
touches the anterior aspect of the left dome 
or the diaphragm. 



[ii] PART A: CORE KNOWLEDGE 

PLE U RAL EFFUSION 

The p leura i s  composed o f  a dynamic membrane of mesothel i a l cel ls and  a 
deeper l ayer of connective t issue conta i n i ng vessels, nerves and lymphatics . Th i s  
membrane responds actively to adjacent i nf lammation a n d  to accumu lations  of 
fl u i d  (e.g. from heart fa i l u re) with i n  its space. 

RECOGN ISING THAT A PLEURAL EFFUSION IS PRESENT 

F lu id  i n  the p leura l  space can adopt severa l d ifferent appearances on both erect 
and sup ine CXRs 1-1 . 

On the erect frontal CXR 

The commonest appearance is an opaque men i scus at a costophren ic angle.  
I t  requ i res approx imately 200-300 m l  p leu ra l  flu i d  to efface the norma l 
sharp recess between the diaphragm and the r ibs (F ig .  7 .6a) . 

If the effus ion is very la rge, then the ent ire hemithorax may be opaque 
(Chapter 1 9) and the heart may be pushed towards the norma l s ide 
(F ig .  7 .6c). 

There are other patterns: 

..J Lame l l a r. A l i near ( lamel l ar) shadow (Fig. 7 .7) para l le l ing the l atera l 
aspect of the lung. _ Encysted. Locu lat ion with in a fissu re or e lsewhere ( Fig. 7 . 8) . 

Subpu lmonary. Poo l i ng with i n  the pleu ra l space below the l u ng. Th i s  
i s  a subpul monary effusion and  i s  a re l atively common occu rrence . A 
subpul monary effus ion is usua l l y  easier to detect on the left s ide, where 
the pool can cause the gastric a i r  bubble to appear widely separate from 
the (apparent) superior margi n of the diaphragm (Fig. 7 . 1 1 ). The norm a I 
d i stance between the dome of the diaphragm and the a i r in the stomach 
does not norma l ly exceed 7 mm i n  98% of people aged 50 years and 
over (see Chapter 1 6, p.  242) .  
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(a) (b) (c) 

Figure 7.6 From the frontal CXR a rough assessment can be made of the 
volume of pleural fluid. (a) Approximately 200-300 ml. (b) Approximately 2 litres. 
(c) Approximately 5 litres. 

Figure 7.7 A lamellar pleural 
effusion on the right side. 

Figure 7.8 An encysted pleural effusion. 
The fluid has collected between the two 
layers of the pleura lining the horizontal 
fissure. The oval or rounded shadow can 
sometimes be mistaken for a lung tumour. 
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Figure 7.9 Two separate 
encysted effusions. One is 
in the horizontal fissure. The 
other is in the right oblique 
fissure. Encysted effusions 
can occur anywhere in the 
pleural space. They occur 
most commonly in patients 
who are in heart failure. 

Figure 7.1 0  Subpulmonary effusion on the right side. This puddle of fluid is often difficult 
to distinguish from a high dome of the diaphragm. A helpful characteristic: 1vhereas the 
highest point on a normal dome is invariably central, the highest point on the (apparent) 
dome is situated laterally when a subpulmonary effusion is present. 
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Figure 7.1 1 Subpulmonary effusion on the left side. The fluid has pooled between the 
visceral and parietal pleura at the base of the lung. It simulates an elevated dome of the 
diaphragm. Note the low position of the pushed down gastric air bubble; also, the highest 
point of the "dome" is situated laterally. 

Figure 7 . 12  Encysted fluid in the 
horizontal fissure. Patient in heart 
failure. Alveolar pulmonary oedema 
is evident. 

Figure 7.1 3  Lefl subpulmonary effusion. 
The pool of fluid is displacing the gaslric air 
bubble inferiorly. 
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On the supine CXR 

When the patient is sup ine, p leu ra l  flu i d  l ayers out in the posterior part of the 
p leura l  space. Th i s  causes the hemithorax to appear wh iter or pa ler grey than  
the norma l  side. I n  most i n stances the norma l l ung vessel s  wi l l be  seen through 
this shadowing .  Approximately 200 ml  of fl u id needs to be present before an 
abnormal  pa le grey appearance is producedV 

Figure 7.1 4 The appearance of a 
(right) pleural effusion on a supine 
CXR. The pleural space needs to 
contain approximately 200 ml fluid 
before the abnormal hemithorax 
appears paler than the opposite 
normal side. 

Figure 7 .1 5 Patient in ITU. A right-sided 
pleural effusion has layered out posteriorly. 
The right hemithorax is paler than the left 
hemithorax. Lung vessels are visible on the 
right side and this supports the diagnosis of 
pleural fluid rather than lung consolidation . .  
but this distinction can sometimes be 
difficult. 

A frequent puzzle: A patient is very i l l , e.g. i n the i ntens ive therapy un it ( ITU) .  
The CXR shows basa l shadowing. I s  i t main ly fl u i d  or 
ma in ly  consol idation? 

• I n  practice, most of these patients have some pleu ra l 
fl u i d  and some l ung consol idation .  

• O n  a supine CXR i t can b e  very d ifficu l t  (usua l l y  
imposs ib le) to  determ i ne if the shadowing i s  
predomi nant ly fl u id . If thoracocentes is i s  cons idered as  
a therapeutic option then an u l trasound examination 
wi l l  confirm or excl ude a s ign ificant volume of p leura l  
fl u i d .  A lternatively, a latera l decub itus CXR  (p. 23 1 ) 
wi l l  usua l ly  c lar ify. 



Figure 7.1 6 Supine CXR. A large 
right pleural effusion has layered oul 
posteriorly 
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Figure 7.1 7 Supine CXR. This is lhe same 
patient as in Fig. 7. 1 6 - on the same clay 
after the large righl effusion had been 
clrainecl. lnciclentally, some pleural fluid is 
also evident on the left side. 

A "WHITE O UT" CAUSED BY A MASSIVE PLEURAL EFFUSION 

A completely  whi te hemithorax, often referred to as a "wh ite out" ,  may be 
caused by a la rge volume {5-7 l i tres) of p leura l  fl u id  (F ig .  7 . 1 8) .  There are other 
causes for a CXR white out. These are described in Chapter 1 9, pp. 2 64-267 .  

Figure 7.1 8 A large left
sicled pleural effusion has 
proclucecl a while out and 
displaced the trachea and 
mecliastinum to the right 
side. 



(88] PART A: CORE KNOWLEDGE 

EM PY EMA 

Pus in the p leura l  space. Most commonly clue to pneumon ia . Other causes 
inc l ude trauma, i nfection outside the thorax, thoracic su rgery. 

The appea1·ance on the CXR is essentia l ly the same as that of an un i nfected 
p leura l  effus ion.  The diagnosis is usua l l y  arr ived at by combi n ing evidence of 
sepsis, p leura l  fl u i d  on the CXR, and organ isms found on needle asp i ration .  

Somet imes an organ ised empyema w i l l  form a wa l led-off col lection, seen as 
a muncl or ova l shape i ndenting the l ung (Figs 7 . 1 9 and 7 .2 0) . 

Figure 7 .1 9  The right
sided shadow represents an 
encysted pleural collection; 
the collection may be sterile 
or it may represent an �-------------� empyema. 

PLE U RA L  F I B ROSIS / T H ICKE N I N G  

ORDI NARY PLEURAL TH ICKENING 

Th i s  th i cken i ng usua l ly occurs a t  one of  two sites: 

At a costophrenic angle as a resu l t  of a previous p leura l i nfection . 
Occas iona l ly  it is consequent on a haemorrhagic effusion fol low ing trauma . 
The appearance of fibrotic b lunt ing of a costophren ic  ang le may be very 
si m i lar  to a sma l l  (300 m l )  p leura l  effusion . The overa l l  c l i n i ca l  p i ctu re 
or previous c l i n ica l  h i story or a previous CXR w i l l  usua l ly help to make 
the d isti nction .  If there is doubt whether b lunt ing might be fl u id, a latera l 
clecubitus 1·acl iograph (p. 23 1 )  or u ltrasound w i l l  c la r ify. 

Over the apex of one or both l ungs. The cause: e i ther o l d l ung i nfection 
(e.g. tubercu losis) or clue to compression of l u ng and p leu ra l t issue by sma l l  
ap ica l  bu l l ae.  The concern : i f  the appearance i s  un i latera l  then i t c a n  appear  
identical to a flat ap ica l  (Pancoast) carc i noma . See Chapter 1 0, p . 1 42 . 
Comparison w ith a previous CXR often provides reassu rance. 



Figure 7.20 Encysted pleural 
effusion. The collection contained 
organisms . . .  an empyema. 
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Figure 7.21 Chest infection. A small 
(approximately 500 mi) left-sided pleural 
effusion. Note that a lamellar component, or 
configuration is also present. 

Figure 7 .22 Lung apices 
can be difficult. Patient (a): 
normal left apex; benign 
apical pleural thickening 
on the right side. Patient 
(b) shows a right apical 
appearance which is very 
similar to patient (a). This 
proved to be a flat apical 
carcinoma (Pancoast 
tumour). 
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PLEU RAL PLAQUES4 

Plaques a re foca l  areas of th i cken ing of the parietal p leura clue to prev ious 
exposu re to asbestos. Characteristica l l y  they appear as scattered i s lands of wel l  
c i rcumscr ibed p leura l  densit ies (F igs 7 .23-7 .25) .  Plaques: 

Are most commonly seen posteriorly and latera l l y, predom i nantly affect ing 
the lower th i rd of the thorax. 

Do not i nvolve the costophrenic angles. 

May be ca lc i fied; sometimes extensively. 

Are u n i l ateral in 2 5 %  of cases. 

Figure 7.23 To show the various 
appearances of asbestos related pleural 
plaques. Seen en face the plaques (two on 
the right side, one on the left side) appear 
as islands of low density projected over the 
lung. In profile, when calcified, they appear 
as areas of high density against the lateral 
margins of the thorax, heart, vertebrae and 
over the domes of the diaphragm. The inset 
shows that the plaques represent areas of 
thickening of the parietal pleura. 

L 
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Figure 7.24 Bilateral mid 
and lower zone pleural 
plaques. Some are calcified. 
The characteristic very high 
density of the calcified 
plaques is well-shown in 
profile. Where seen en face 
(mid and lower zones of 
both lungs), the plaques 
appear ill-defined and of low 
density. 
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PLEU RAL CALCI F I CATI O N  

When i t  i s  d u e  to asbestos: 

The par ietal p leura cover ing the domes of the d iaphragm is  most commonly 
affected. 

P laque calc ification can be very extensive; usua l l y  bi latera l .  

Non-calcified p laques may a lso b e  present. 

Other causes of p leura l  calc ification incl ude haemorrhagic effusion, p leura l  
i nfection +/- empyema ( inc lud ing tuberculos is), and ta lc  i nha lation . Usua l l y  
these causes resu lt i n  un i l ateral ca lc ificat ion .  

Figure 7 .25  Asbestos 
related pleural plaques. 
Some of these plaques are 
calcified. In this patient they 
mainly involve the parietal 
pleura overlying the domes 
of the diaphragm. 

Figure 7 .26 Extensive 
unilateral pleural 
calcification. Previous 
tuberculosis. 
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P L E U RA L  TUMOURS ---
A p leu ra l  tumour, whether a pr imary pleu ra l neop lasm or a secondary depos i t  
from (say) a breast carcinoma, wi l l  common ly present wi th  an  accompanyi ng 
effus ion (F ig .  7 .2 7) .  

Figure 7.27 Pleural 
metastases . Nodular 
metastatic deposits (right 
hemithorax). Note the small 
pleural effusion. On the 
left side no focal lesion is 
seen other than the pleural 
effusion. The left pleural 
appearance is more typical 
of metastatic disease to the 
pleura -i.e. the CXR usually 

�--------------� shows a pleural effusion only. 

Figure 7 .28 To illustrate 
some of the various features 
that can be seen on a 
CXR in a patient with a 
mesothelioma. An extensive 
pleural mass, sometimes 
creating an encasement 
or "peel" surrounding the 
lung5. A smaller or shrunken 
ipsilateral hemithorax. A 

'---------' pleural effusion. 

An occasional di lemma 

A frontal CXR shows a discrete mass hard up aga inst a p leu ra l surface. Is i t in the 
l u ng, e.g. bronch ia l  carc i noma? Is it aris ing from the pleu ra, e.g. breast deposit? 
Is it a r ib l es ion i ndenti ng the pleura and the l ung, e.g. a r ib metastas is ?  
Tab le 7 . 1  i nd icates the  CXR features that you should look for. 
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Table 7.1 Pulmonary mass vs Pleural mass vs Extrapleural mass. 

Origin Characteristic CXR features 

I ntrapu l monary 
lesion abutting a 
pleural surface 

lntrapleural mass 
i ndenting the 
lung 

Extrapleural mass 
but in truding on 
to or into the lung 

Margins clear and wel l-defined. 

I nterface between the pleura and the lesion forms an 
acute angle. 

Viewed en face its margins appear i l l -defined. 

Viewed in  profi le-only one border is sharply defined. 

Interface between the pleura and the lesion forms an 
obtuse angle. 

As for an intrapleural mass. And . . .  

A l most a lways a n  abnormal rib. Most extrapleura l  lesions 
arise in  a rib (e.g. metastatic deposit; simple fracture with 
haematoma). 
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P N E UMOTHO RAX6- 13 

Pneumothoraces are common and the erect CXR is usua l l y defi n i tive. Sometimes 
the CXR appearances are subt le .  There are mu lt ip le aspects that we need to be 
fam i l ia r  with when assessing erect or sup ine CXRs. 

PNEUMOTHORAX - RU LES 

You need to bear i n  m ind  the fol lowi ng: 

Figure 7.29 Primary 
spontaneous pneumothorax. 
An apical pleural bleb 
thins the visceral pleural 
membrane. The alveolar 
wall and the visceral pleura 
"pop " and air passes from 
the alveolar bleb into the 
pleural space. 

Sma l l  can be d i fficu lt .  . .  "you on ly see what you look for". 

E rect or supine . . .  "you must look in the correct p lace". 

On a sup i ne CXR . . .  "you only look for what your know". 

Tension pneumothorax can k i l l  . . .  qu ick ly. 

Beware the regu lar  imposters . . .  sk in fold, c loth ing artefact, tubes, l i nes . 

PNEUMOTHORAX -CAUSES 

The groups of i ndiv idua l s  who are most at r isk of developi ng a pneumothorax 
are ind icated in Tab le 7 .2 . 
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Table 7 .2 Causes of pneumothorax. 

Spontaneous-primary 

Healthy young adults 

Age 20-40 years 

Male:Female 6 : 1  

No known l ung 
disease 

Rupture of a 
subpleura l  b leb .  
A bleb (Fig. 7.29) 
is an outpouch ing 
of the a lveolar wa l l; 
it bu lges and th ins  
the visceral p leural 
membrane. I n  
general, blebs are 
present at the lung 
apices on ly. 

Spontaneous-secondary 

Pre-existing lung d isease 

Chronic obstructive 
pulmonary disease 

Cavitating pneumonia 

Pleural metastases 

Traumatic I iatrogenic I other 

B l u nt trauma 

Penetrat ing trauma 

Placement of central l i ne 

Lung biopsy 

Aspiration of p leura l  flu id  

Thoracic surgery 

Mechan ical  venti lation 

Acute asthma 

Smoki ng cocai ne or 
marijuana 

Figure 7.30 Large 
pneumothorax. -.. ___ _J The diagnosis is easy. 
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PNEUMOTHORAX - D ETECTION 

The erect CXR 

Three pr inc ip les :  

1 .  You must exc lude a pneumothorax i n  any patient with p leu r iti c chest pa i n  or 
unexp la i ned breath lessness. 

2. You must hunt  for the evidence. A brief g lance at the CXR and you wi l l m i ss 
a sma l l  pneumothorax .  

3 .  You must know where to hunt-always, a lways doub le check the l ung 
apices. 

Three card ina l  features: 

1 .  A c lear ly defi ned l i ne ( i .e .  the visceral p leu ra) i s  v i s ib le i n profi l e. I t para l l el s 
the chest wal I .  

2 .  The upper part o f  the l i ne i s  cu rved a t  the l ung apex . . .  i . e . i t para l le l s the 
i nterna l  contour  of the thorax. Overlapping r ibs can be a problem - keep 
looking through and between the r ibs. 

3. An absence of l ung markings, i .e .  vessels, between the l ung edge and the 
chest wa l l .  

Figure 7.31 Erect CXR. A shallow 
pneumothorax. Curved visceral 
pleural membrane at the lung apex 
and no vessels lateral to the visceral 
pleural line. 

Figure 7.32 Erect CXR. Shallow 
pneumothorax. The visceral pleural line is 
visible. 
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Three tr icks - if i n  doubt :  

1 .  An erect CXR obtai ned in  fu l l  exp i ration. Th i s  can ass ist in mak ing the 
pneumothorax easier to see because l ung density i ncreases on exp i ration .  

Or 

2 .  A lateral decubitus CXR (p .  23 1 )  with the suspect s ide ra i sed. Even a very 
sma l l  vol u me of i ntrap leura l  a i r  w i l l  rise and out l i ne  the viscera l  p leura 
a long the latera l  marg in of the l ung. 

Or 

3. CT. The u l tra-sensit ive test. 

The supine CXR-a pneumothorax can be very subtle8·9 

A severely i nj u red patient or a patient in ITU w i l l  not be ab le to sit up .  The 
patient may have extensive l u ng pathology, e.g. haemorrhage, pneumon ia, 
adu lt resp i ratory d istress syndrome (ARDS). These factors can affect the position 
and appearance of air in the p leura l  space. Remember, an un recogn i sed 
pneumothorax  may develop i nto a l ife-th reaten i ng tens ion pneumothorax in a 
patient treated with posit ive pressure venti lat ion.  

l ntrap leura l  a ir  may accumu late i n  several different posit ions when a pat ient i s  
sup ine. Two areas need to  be  i nspected part icu lar ly  ca refu l ly. 

1 .  Lung base i nspection (F igs 7.33-7.37) .  

I n  the supine position the h ighest part of the p leura l  space i s  at the l u ng base 
u nder the inferior surface of the l u ng. The lowermost part of the CXR wi l l  
hold the evidence ( Fig. 7 .33 ) .  

Look for: 

_J A hyper lucent ( i .e .  b lacker) upper quadrant of the abdomen . . .  b lacker 
because a ir  col l ect ing at the base of the l u ng over l ies the l iver (F ig .  7 .34) .  

_J A i r  situated i n  the latera l costophren ic  su lcus  ( the most lateral and 
infer ior aspect of the p leura l  space) . . .  the so ca l led "deep su lcus  s ign" 
(F ig .  7 .34) .  

_J A sharp ly outl i ned dome of the d iaphragm (F ig.  7 .3 7) .  Th i s  appearance 
may be part icu lar ly promi nent if  there is adjacent lower lobe pu l monary 
d i sease (e.g. pneumonia or ARDS). 
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Lateral perspective 

---- Anterior 
pneumothorax 

Figure 7.33 Pneumothorax. On a supine CXR the air rises to the highest point in the 
pleural space - i.e. anteriorly. 

Figure 7.34 Supine CXR. Right
sided pneumothorax showing: (a) a 
hyperlucent right upper quadrant of 
the abdomen; and (b) a deep sulcus 
sign (i.e. intrapleural air collected in 
the lateral costophrenic sulcus). 

Figure 7.35 Supine CXR. Right-sided 
pneumothorax revealed by the very 
sharply defined margin to the dome of the 
diaphragm. It is sharply defined despite 
the immediately adjacent lower lobe lung 
consolidation. 
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2 .  Med ia l  i nspect ion 

I n  the supine posit ion the p leura l  a i r  may col l ect anteromedi a l ly aga i nst 
the heart. 

Look for: 

...i A deep and wel l-defined anterior card iophrenic su lcus (F igs 7 .36  and 
7.37) .  The anterior card iophrenic su lcus i s  the most med ia l  part of the 
p leura l  space, ly ing hard up  aga inst the infer ior marg i n  of the heart. I f  i t  
appears deep and wel l -defined, th i s  may be the ea r l i est s ign of  a sma l l  
pneumothorax. _ A sharp ly defi ned cardiac border . . .  clear and cr isp. 

A sharply defined pericard ia !  fat pad. 

A sharp ly  defi ned margi n of the anterior j unction l i ne.  Th i s  l i ne may a l so 
be disp laced away from the m id l i ne. (See Chapter 8, p .  1 1 4) .  

A PROBLEM SOLVED 

ITU patient has ARDS. CXR-equivocal pneumothorax. 

Confirm or refute: 

With a lateral decubitus bedside CXR with the suspect side raised and ut i l i s ing a 
horizontal x-ray beam (p. 2 3 1  ). 

Or by leaving the patient supine and obtain ing a horizontal beam lateral CXR. 

Or by taking the patient to CT. 

Figure 7.36 Supine radiograph. Left 
pneumothorax. The left dome of the 
diaphragm is sharply defined, and the 
left cardiac border has a fine black 
margin compared with the right side. 

Figure 7.37 ARDS. Supine CXR. A left 
pneumothorax is revealed by the well
defined dome of the diaphragm and the 
sharply defined left heart border. 
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TENSION PNEUMOTHORAX 'o, 1 1, 13 

A medica l  emergency. As air enters the p leura l space the norma l  negati e 
i ntrapleura l  pressure (approximately -5 mm Hg) becomes atmospheric . 
Sometimes a va lve- l i ke effect occurs and a i r  continues to enter but cannot exit 
the p leura l  cavity. The pressure then rises above atmospheric. Th i s  bu i l d up 
of tension can cause compression of the i nferior vena cava and obstruction 
to the venous return to the right s ide of the heart. Th i s  is potentia l ly -and 
rapid ly- letha l .  

I n  most i n stances, the recognit ion o f  a tension pneumothorax i s  pr imari ly a 
c l i n ica l  diagnosis. Immediate treatment without recourse to a CXR i s  mandatory. 

U nderly ing pu lmonary or p leu ra l  disease (e.g. a patient with a st iff l ung) 
can cause c l i n ica l  confus ion because some of the typical  c l i n i ca l  fi ndi ngs 
dyspnoea, chest pa in, cough, tracheal deviation, d im in ished breath sounds, 
cyanosi s- may not be present. Therefore it i s  essent ia l  to be fam i l i a r  with the 
CXR fi nd ings i nd icat ing a tension pneumothorax. Two card i na l featu res to look 
for: 

1 .  The ips i l a tera l  dome of the d iaphragm is nearly a lways depressed and 
flattened. 

2. The med iast i num and heart are usua l ly-but not a lways - pushed to the 
opposite s ide. 

Recognition on an erect CXR 

The v iscera l p leu ra i s  v i s ib le, and no vessels are seen beyond the vi scera l p leura l  
l i ne; the dome o f  the d iaphragm, i n  most i n stances, i s  depressed, flattened or 
i nverted, and the med iast inum is usua l l y  disp laced towards the opposite s ide. 

ACTION:  U rgent p lacement of a cannula anteriorly. I dea l ly i n the tr iangle of 
safety (F ig .  7 .40) 14' 15. 

Recognition on a supine CXR 

F ind ings as  for the erect CXR, but stiff or d i seased l ung (e.g. extens ive 
pneumon ia or ARDS) wi l l  somet imes produce a deceptive appearance. 
Deceptive because the l u ng may be too sol id to col lapse or the med iasti num 
may not be  d i sp laced . However, t he  dome of the d iaphragm wi l l  usua l I be 
flattened/ i nverted by the ra i sed i ntrap leura l  pressure. 

ACTION:  U rgent p lacement of a cannu la .  

The important cl inical rule 

I f  the CXR shows evidence of a pneumothorax but the rad iograph ic find i ngs 
of a tens ion are equ ivocal then manage c l i n ica l ly. In other words, i f tens ion i s  
suspected on t h e  c l i n ical f indings-then treat a s  for tens ion .  
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Figure 7.38 Tension 
pneumothorax with total 
collapse of the right lung. 
Note the displacement of 
the mediastinum to the left 
side and the flattened (in this 
case inverted) dome of the 
diaphragm. 

Figure 7.39 Tension 
pneumothorax. Note that 
the dome of the diaphragm 
is flattened and the 
mediastinum is displaced to 
the left side. 

Figure 7.40 Pneumothorax. Safe insertion 
of an intercostal drain - within the triangle 
of safety'4•15• The margins of the triangle are: 
the anterior border of the latissimus dorsi, 
the lateral border of the pectoralis major, 
a horizontal line at the level of the nipple 
defining the base of the triangle, and the 
apex of the triangle just below the axil/a. 
This triangle is the optimum position for 
insertion of a drain in a non-emergency 

'---�--------�-----� situation. It is also the preferred site for drain 
insertion in an emergency when a tension 
pneumothorax is diagnosed. 
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An occasional pitfal l  - mediastinal displacement 

A s imple pneumothorax- not under tension - can cause med iast i na l 
displ acement towards the opposite, norma l , side (F ig .  7.41 ) . Th is can occu r  
when t h e  underly i ng l u ng i s  completely col lapsed. The e lastic recoi l of the l u ng 
is no longer counterba lanced by the normal negative p ressu re i n  the p leu ra l 
space. As a consequence the mediast inum moves towards the norma l s ide5. 

A usefu l guidel ine :  if the i ps i l ateral dome of the d iaphragm is not depressed or 
flattened do not rush to judgement. A flattened dome is  a l most a lways evident 
when tens ion i s  present i n  the p leura l  space-though th is does not occur i n  
1 00% of cases5. 

Figure 7.41 Mediastinal 
displacement- but not a 
tension pneumothorax. Note 
that the ipsilateral dome of 
the diaphragm is neither 

c_ _____________ � flattened nor depressed. 

Figure 7.42 Large left 
pneumothorax. Note 
the displacement of the 
mediastinum towards the 
right side - but the left dome 
of the diaphragm is neither 
depressed nor flattened. 
This was not a tension 

......_ _________________ -.!...LI• pneumothorax. 



PLEURAL ABNORMALITIES (l03] 

HAEMO- OR HYDRO-PN EUMOTHORAX 

Many patients with a spontaneous pneumothorax, whether pr imary or 
secondary, w i l l  show a l i tt l e  fl u id  i n  the p leura l  space. Usua l l y  th i s  i s  a sma l l  
amount of blood resu l ting from a tear of a pleu ra l  adhesion .  

I f  a moderate s ize haemo- or hydro-pneumothorax is present, then an a i r-fl u id  
level, i .e. a stra ight l i ne, w i l l  be  seen a t  the a i r-fl u id  i nterface (F igs 7 .43  and 
7 .44) .  

I Figure 7 .43 The air-fluid 
level within the pleural 
space indicates the presence 
of a haemo- or hydro-

'--.__-�----------� pneumothorax. 

Figure 7.44 Haemo
pneumothorax. The straight 
line represents an air-fluid 

a.;....--���----�----' interface. 
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AN OCCASIONAL PUZZLE 

Cl i n ica l l y  a patient has a pneumothorax, but air i s  a lso seen elsewhere i n the 
mediast i num or chest wa l l .  How did it get there? There are two poss ibi l i t i es5 : 

1 .  A ruptured a lveo lus  

I n  some pat ients (e.g. an asthmatic or treatment wi th  posit ive pressure 
vent i l at ion) a pneumothorax does not resu l t  from rupture of the v i scera l  
p leura l  membrane. I n stead an i nc rease i n i ntra-alveolar pressu re causes 
rupture of an a lveolus  or a bronchiole, and a i r  d issects th rough the l ung 
parenchyma a long the sheaths of the pu l monary vessels to the h i l um and 
thence i nto the mediasti num.  Th i s  mediasti na l air can then ruptu re th rough 
the mediast i na l  par ieta l  p leura and so produce a pneumothorax . Because 
the mediast i na l  t i ssue p lanes are contiguous with those of the neck and the 
retroperitoneum the d issecti ng a i r  from the ruptured a lveol us can a l so cause 
extens ive med iasti na l  and surgical emphysema (Fig. 7.45 ) . 

Figure 7.45 To illustrate 
the mechanism underlying 
the development of both a 
pneumothorax and mediastina/ 
emphysema in a patient with 
il,Sthma. The ruptured alveolus 
has caused pulmonary interstitial 
emphysema (PIE) and the air has 
dissected through the lung to reach 
the hi/um. The air then dissects into 
the mediastinum and it also crosses 
the parietal pleura adjacent to the 
mediastinum to enter the pleural 
space. 

Figure 7.46 (a) Vomiting. A tear has 
developed in the oesophagus . Swallowed 
air escapes and dissects through the 
surrounding soft tissues to cause mediastinal  
emphysema. This may extend laterally 
and rupture the parietal pleura, causing a 
pneumothorax. (b) Trauma. A tear of the 
trachea. 
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2 .  Rupture of the trachea or oesophagus 

If  either of these structures rupture (e.g. external trau/lla or an oesophagea l 
tea r due to volll i t i ng) then a i r  can d issect a long the lllediast ina l  t issue p lanes. 
The air may then rupture th rough the mediast ina l  parieta l p leura a nd enter 
the p lema l  space (Fig. 7.46). Occasiona l ly  i t  is  the pneulllothorax which is 
the dominant CXR fi nd ing, not the surgica l  elllphysema .  

PNEUMOTHORAX SIZE - IMPACT O N  TREATMENT'0- 12• 15 

Some phys ic ians regard the CXR as a poor tool for measur ing the s ize of a 
pneulllothorax, and they elllphasise that it is the c l i n ica l  status of the patient 
not the rad iograph ic  s i ze of a pneu mothorax that should i nf luence the 
decis ion as  to the appropriate treatment 1 1 •  

Other phys ic ians uti l ise the CXR to estilllate the size o f  a pneulllothorax i n  
order to he l p  choose between treatment options. Approx imate /lleasurements 
can be made (F ig. 7.47) .  These descriptive terms a re in COllllllOn usage: 

A small pneumothorax i s  one in wh ich the d i stance ( i . e .  the r i lll) 
between the v isce1·al p leura and the internal  chest wa l l  is less than 2 cm.  

A large pneumothorax is one i n  wh ich th is  d i stance (or  r i lll) measures 
lllOre than 2 Clll .  

Why a re ri lll measurements regarded as  usefu l ?  A ri lll w i th  a d iameter of  2 Clll 
equates to a pneumothorax which occupies approx imately 50% of the vo lu llle 
of the hemithorax .  At th is si ze, and if c l i n ica l ly  ind icated, the pneulllothorax can 
be t1·eated safely by aspi ration 12• 15• 

Figure 7.47 Erecl 
CXR. Pneumothorax. 
Measurement of the rim 
allows a pneumolhorax to 
be classified as either small �--------� �--------� or large. 
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PNEUMOTHORAX: SOME IMPOSTERS 

Common : a whi te l i ne on the CXR may be m isread as the viscera l p leura l  
l i ne.  These spurious shadows inc l ude cloth ing artefacts, ha i r p l a its, sk i n  
wri nk les (F ig.  7 .48), venous l i nes o r  tub ing, a n  overly ing scapu la margin .  

• U ncommon: the Great Pretender . . .  a la rge bu l l  a (Fig. 7 .49 ) . 

Figure 7.48 Not a pneumothorax. 
The fine line crossing the left 
hemithorax is a wrinkle, or fold, of 
the skin. 

AN I NTERESTING CON DITION
CATAMEN IAL PNEUMOTHORAX 16 

Aetiology I pathology 

Figure 7.49 Not a pneumothorax. A large 
bu/la. Note that there is no evidence of a 
visceral pleural line. On an erect CXR a 
pleural line is almost always evident when a 
pneumothorax is present. 

Recurrent pneu mothorax occurring only in relation to menstruat ion . Pathogenes is 
remains specu lative. One suggestion is that ai r enters the peritoneal cavity via the 
unplugged cervix duri ng menstruation.  The a i r  then enters the pleu ra l space via a 
leaky diaphragm. It is of interest that some patients do have pelvic or diaph ragmatic 
endometriosis. 

Clinical features 

Recurrent pneumothoraces occurring with in  48-74 hours of onset of a menstrua l 
period. Women aged 3 0-40 years are most commonly affected. 

The CXR 

The pneumothorax is usua l l y  on the right side and is sma l l .  
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8 M E D IASTI N U M: 

ANATOMY, MASSES AN D AI R 

The mediasti num is situated between the pleurae coveri ng the media l aspects 
of the r ight and leh l ungs. Its borders are the thoracic i n let (superiorly), the 
d iaphragm ( i nferiorly), the parietal p leurae ( latera l ly), the vertebral col umn 
(posterior ly) and the sternum (anteriorly). 

At the root of each l u ng the lateral parieta l p leu ra l boundary i s  absent. 

ANATOM ICAL COMPARTMENTS 

Anatomists and surgeons use various c l ass ifications to define the med iast i na l 
compartments. Felson '  and Zylak2 have poi nted out that, i n terms of CXR 

·
d iagnosis, a s imp le longitud ina l  d ivision is most relevant. 

We l i ke Felson's description ' .  He d ivided the mediasti num i nto three 
compartments- anter ior, m iddle and posterior-there being no need to refer to 
a superior compartment. 

The anatom ica l  compartments are best understood with reference to the l ateral 
CXR (F igs 8 . 1  and 8.2 ) .  

Figure 8 . 1  The anterio1; 
middle and posterior 
compartments of the 
mediastinum are easy to 
identify on the la teral CXR. 
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Figure 8.2 The three 
anatomical compartments: 
anterio1; middle and 
posterior-as described by 
Felson ' .  

CJ 

8 
B 
0 

Table 8.1 Mediast ina l  boundaries. 

Compartment Anteriorly 

Anterior Sternum 

Middle Anterior aspect of trachea and 
posterior margin of heart 

Posterior Vertical l i ne drawn a long the 
thoracic vertebrae 1 cm beh ind 
their anterior margins 

Table 8.2 Mediast inal  contents. 

Compartment Main structures/ tissues 

Posteriorly 

Anterior aspect of trachea and 
posterior margin of heart 

A vertical l i ne drawn a long the 
thoracic vertebrae 1 cm behind 
their anterior margins 

Costovertebra l j u nctions 

Anterior Fat, lymph nodes, thymus/thymic remnant, heart, ascendi ng aorta 

Middle Trachea, bronchi, lymph nodes, oesophagus, descending aorta 

Posterior Paravertebral soft tissues 
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CXR APPEARA NCES - NORMAL 

FRONTAL CXR 

In adu lts the normal mediast ina l  shadow is i n  effect the card iac outl i ne, the 
thoracic aorta, the superior vena cava, and the vessels ar i s ing from the aortic 
arch .  

I n  young adu lts neither the aortic arch nor i ts vessels  are prom i nent and they 
contribute very l i ttl e  to the out l i ne of the mediasti num.  I n  m idd le age unfold i ng 
of the aortic a rch occurs. As we get even older, other vessel s become tortuous 
and the med iast ina l  contour  conti nues to widen and a l ter (F ig . 8 .3 ) . 

Some norma l  med iast ina l  appearances on the frontal CXR may be confusi ng 
or puzz l i ng; part icu lar ly fat col lections (F igs 8 .4 and 8 .5 )  and various i nterface 
l i nes (F igs 8 .6-8 . 1 3 ) .  

F""'""-;::�=,i-...... 11! Figure 8.3 The normal mediastinal outline 
can change with age. In particular, the 
ascending and descending aorta unfolds 
and becomes more prominent from middle 
age onwards. (a) Age 30. (b) Anolher 
palienl, age 50. (c) An elderly patient, 
age 80. 
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Vis ib le pads of fat a re present at the right and/or left card iophren ic angles i n  
approxi mate ly 50% o f  patients aged 50  or  older (see Chapter 1 6, p.  239 ) .  I f  a 
l a rge fat col lection is present it may: 

Cause part of the wel l -defined margin of the heart to be b lu rred. 

M im ic  a mass les ion. 

Figure 8.4 The media
stinum often contains small 
or large collections of fat. 
In this patient a large fat 
collection (or pad) is situated 
at the left cardiophrenic 
angle. 

Figure 8.5 A prominent fat 
pad blurs part of the right 
cardiac border. Sometimes 
this blurring is mistaken for 
middle lobe disease (see pp. 
49 and 238). 
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Interface l ines and stripes 

The a i r  in the l ung abuts various mediast ina l structures. Where the i nterface is 
long and vert ical it resu l ts in a longitudina l or s l ightly angled l ine on the CXR. 
These norma l  shadows can baffle the novice. Their  occurrence on a CXR varies 
from ind iv idua l  to i ndividua l .  

There a re s i x  mediast ina l  l i nes (stripes) that are regular ly seen on norma l CX Rs . 
Two of these stripes can be helpfu l in detecting an abnorma l ity. Spec i fica l l y : 

The right paratracheal stripe: 

I s  formed where the right l ung abuts the right side of the trachea . 

Is v is ib le on approx imately 60% of norma l CXRs ' .  A lso see our data i n  
Chapter 1 6, p .  242) .  

NB:  the left s ide of the trachea does not i nterface with the l ung, so there is 
no match ing stripe on the left side. 

The para vertebra I stri pes'·5: 

Figure 8.6 A normal right 
paratracheal s tripe (arrows) . 
The stripe represents the right 
wall of the trachea outlined 
by the air in the trachea and 
the air in the adjacent right 
lung. The thickness of this 
stripe should not exceed 
2.5 mm (see data on p. 
242). 

The left pa ravertebra l str ipe is v isua l ised on a l most a l l we l l-penetrated 
CXRs. This is because the descending aorta displaces the adjacent l u ng 
latera l l y. Th is  displacement causes the p leu ra l surface and l ung edge to 
be seen tangenti a l ly as they pass latera l to the paravertebra l soft ti ssues 
from front to back. 

A right pa ravertebra l str ipe i s  not visua l i sed unti l m idd le age, when age 
re lated osteophytes are often present and may d i sp lace the adjacent 
p leura latera l l y  (Fig. 8 .8 ) .  
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Figure 8.7 Normal left paravertebral 
stripe (blue) . Compare this with the 
CXR appearance in Fig. 8.9 .  

Figure 8.8 A right paravertebral stripe 
(blue) is rarely seen on a normal frontal 
CXR - unless age related osteophytes are 
present. 

Figure 8.9 Normal 
left paravertebral stripe 
(arrows) . This is the 
interface between the lung 
and the paravertebral soft 
tissues. Note that a right 
paravertebral stripe is not 

�---------------------� evident. 
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Four  other l i nes or str ipes a lso occur. 

• Azygo-oesophagea l l i ne: 

...J Formed where the right l ung abuts the right s ide of the oesophagus and 
the azygos vein  . 

...J Extends below the aort ic arch to the diaphragm (F ig .  8 . 1 0) 

Anterior j unction l i ne: 

..J Formed where the two l ungs abut each other anteriorly below the level 
of the manubri u m  (F ig .  8 . 1 1 ) . 

...J The l i ne is made up  of four layers of p leura ( i .e .  the parieta l and i scera l 
layers covering both l u ngs). 

• Posterior j unction l i ne: 

...J Formed where the two lungs abut each other posteriorly. It extends from 
above the c lavic les to the level of the arch of the aorta (F ig. 8 . 1 2) . 

...J Th i s  l i ne is a l so made up of four layers of p leura .  

• Aorto-pu l monary stripe: 

...J I n  some peop le  a segment of mediasti na l  p leu ra does not blend with the 
outl i ne of the med iast inum but i s  reflected as  a stra ight l i ne between the 
ma i n  pu lmonary artery and the aorti c arch (F ig .  8 . 1 3 ) . 

Figure 8.1 0 Normal azygo-
oesophageal line (arrows). 
This lung-soft tissue interface 
is visible on many CXRs. 
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Figure 8.1 1 The anterior junction 
line (arrows).  An occasional normal 
finding. 

Figure 8.1 2 The posterior junction line 
(arrows).  Another normal appearance. 

Figure 8.1 3 The aorto
pulmonary stripe (arrows). 
A normal, but uncommon, 
appearance. It alters the 
usual configuration seen 
between the main pulmonary 
artery and the arch of the 
aorta. This normal variant (a 
pleural reflection) may cause 
confusion. 
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LATERAL CXR 

Mediast ina l  shadows show age rel ated diffe1·ences due to progress ive unfo ld i ng 
of the ascend i ng and descend ing thoracic aorta (see Chapter 2 ,  Figs 2 .32  and 
2 .33 ) .  

Fat col lections and the cardiac incisura 

Fat at the cardiophren ic  angles (often a feature of m idd le-aged prosper ity) are 
superimposed over each other on the latera l CXR. In addition, the apex of 
the heart in trudes onto and displaces part of the left l u ng. Th is combi nat ion 
of ep icard i a l  fat and the cardiac apex (the latter creating the ca rdiac i nc i su ra) 
someti mes produces a fa i r ly dense shadow situated anteriorly (see Chapter 2 ,  
Figs 2 .33  a n d  2 .34) .  

Lines and stripes 

Two str ipes are v is ib le on most lateral CXRs. 

• The posterior tracheal str ipe. Th is  is  produced by the i nterface between the 
poster ior wal I of the trachea and the adjacent l ung ( Fig. 8 . 1 4) . 

The retrosternal soft t issue margin (or stripe) . A sma l l  amount of fat and 
connective t issue I ies between the pa rieta l p leura and the sternum . On the 
lateral CXR th is  na rrow soft tissue i nterface ( i t  i s  on ly occasiona l ly referred to 
as a str ipe or a l i ne) is read i ly  v isual ised (Fig. 8 . 1 4) .  

Figure 8.1 4  The posterior 
tracheal stripe (white 
arrows) . This st ripe 
represents the posterior wall 
of the trachea outlined by 
air within the trachea and 
air in the adjacent lung. Part 
of the retrosternal soft tissue 
(stripe) is also visible (black 

-�-- arrows) . 
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M E D IAST I N A L  MASSES 

MASSES- OFTEN OBVIOUS . . .  SOMETIMES SU BTLE 

Obvious 

Many med iast ina l  masses a re la rge. Most of these w i l l  be read i ly  apparent 
on the fronta l CXR (F ig. 8 . 1 5 ) .  You shou ld attempt to p l ace the mass wi th in  
a part icu la r  med iast ina l  compartment in  order to  create a he lpfu l d i fferent ia l  
d iagnos is .  The key to doing th is i s  to dec ide wh ich part icu la r  structu re(s) the 
mass l i es aga inst (see below). 

Subtle 

Sma l l  mediast ina l  masses may be d ifficu l t  to detect. Th is  occurs when the mass 
barely projects or  does not p roject beyond the med iast i na l  boundar ies-
i .e.  the norma l med iast ina l  s i l houette remains superfic ia l l y  or tru ly una l tered. 

Th ree key features can he lp  you to detect such a mass. 

1 .  I ncreased density. The extra tissue created by a mass w i l l  make that part 
of the mediast i num appear more dense (white) on the CXR.  A usefu l t ip  i s  
to look at the density of  the left and r ight  s ides of  the card iac shadow and 
compare them. They shou ld  be approximate ly equa l .  A mass can cause an 
asymmetrical increase in  density ( F ig. 8 . 1 6) .  

2 .  M inor a l terat ion to the mediasti na l  contour. I f  a mass projects j ust beyond 
the normal mediasti na l  contour  i t  w i l l  cause the med iast i n um to become 
very s l ight ly widened (F ig .  8 . 1  7). You wil I need to fa mi I i a rise you rself with 
the norma l range of med iasti na l  contours .  

3.  Disp lacement of a norma l stripe. This is a part icu lar ly important featu re for 
detecti ng  a posterior med iasti na l  mass from the fronta l CXR- because a 
parasp ina l  mass (F ig .  8 . 1 8) w i l l  often d ispl ace either or both pa ravertebra l 
stri pes I a tera 11 y. 

Figure 8.1 5 The large anterior mediastinal mass is obvious. 



Ra PART A: CORE KNOWLEDGE 

Figur� 8.1 6 Density alteration. 
Increased density (arrows) over the 
right side of the heart adds to the 
suggestion of a mediastinal mass. 
Bronchogenic cyst. 

Figure 8.1 7 Contour alteration. Widening 
of the mediastinum to the right and left sides 
is evident. Lymphoma. (Incidental/}� this is 
a good example of the hi/um overlay sign ', 
described in Chapter 7 6, p. 233) . 

Figure 8.1 8  Stripe 
alteration. Note the presence 
of a right paravertebral 
stripe. Actually, the stripe 
is bulging (arrows) . This 
appearance indicates a 
posterior mediastinal mass. 
Subsequently proven 
vertebral column tuberculosis 
with a paravertebral abscess. 
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CREATING A DI FFERENTIAL DIAG NOSIS 

Table 8.3 Mediasti nal  masses. 

Compartment Common causes 

Anterior The Four Ts: 

Middle 

Posterior 

Thyroid mass 

Thy mom a 

Teratoma 

(Terrible) lymphoma 

Lymphadenopathy 

Centra l ly s ituated 
lung tumours 

Oesophageal lesions 
i ncluding dupl ication cysts 

Spinal /paraspinal  abscess 

Neurogenic tumours 

Notes 

Lymphadenopathy from any 
cause can occur in the anterior 
mediast inum.  I t  often has a 
lumpy, bumpy appearance. 

Look at the i ntervertebral discs 
and the vertebral bodies. 

Look for rib splaying and I or 
vertebra l body eros ion 

In order to create a he lpfu l d i fferentia l d iagnosis, you shou ld attempt to p lace 
the mass i n  a part icu l a r  compartment. Th is can often be done reasonab ly 
accu rately us ing the frontal CXR a lone. The lateral CXR wi l l  a lmost a lways 
rei nforce you r  frontal v iew assessment. 

On the frontal CXR 

The s i l houette sign (p.  45) i s  the key. 

An anterior mediasti na l  mass l ies adjacent to the heart. It may efface a heart 
border or the marg in  of the ascending aorta. It w i l l  not efface the h i la nor 
widen a parasp ina l  l i ne (F ig .  8 . 1 9) .  

A middle mediast ina l  mass may splay the car ina or efface a norma l  h i l a r  
shadow. It w i l l  not efface a heart border no r  widen a parasp ina l  l i ne 
(F ig .  8 .20) .  

• A posterior mediast ina l  mass w i l l  d ispl ace either or both of  the  paravertebra l 
stripes l atera l l y. It may a lso widen the space between adjacent r ibs and may 
destroy or erode a vertebra or a r ib. It wi l l  not efface a heart border or  a 
h i l a r  shadow ( Fig. 8 .2 1 ) . 
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Figure 8.1 9 The region 
of the right heart border 
is abnormal. The border is 
very prominent and it has 
a most unusual shape for 
an enlarged right atrium. 
Anterior mediastinal mass. 

Figure 8.20 The carina is 
splayed (i.e. its angle exceeds 
7 00°). Middle mediastinal 
mass. An enlarged left atrium 
or very large subcarinal 
lymph nodes can cause this 
appearance. 

Figure 8.21 The left 
paravertebral stripe is 
bulging. It normally has a 
straight margin. Posterior 
mediastinal mass. A 
paravertebral abscess, 
haematoma or vertebral 
tumour is the usual cause. 
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On the lateral CXR 

The latera l CXR w i l l  help to confirm or to mod ify the assessment that you have 
made from the fronta l v iew. Trace Felson's mediasti na l  boundar ies (F ig .  8 .2 )  and 
p lace the main bu lk of the mass i n  the appropri ate compartment. 

Figure 8.22 An abrupt 
change in density is evident 
across the cardiac shadow. 

�--------------� Anterior mediastinal mass. 

Figure 8.23 Enlargement of 
the shadows al and around 
the region of the hi/a. Middle 

�--------------� mediastinal mass. 
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Figure 8.24 Increase in 
density over the vertebral 
column. Posterior mediastinal 

._ _____________ ___, mass. 

Some helpful hints -frontal and lateral CXRs 

• The most common anterior mediast ina l  mass i s  an en larged retrosterna l 
thyroid .  Th i s  mass w i l l  a lmost a lways di splace or narrow the trachea . Its 
wel l -defined marg ins  w i l l  fade out above the c lav ic les (the cervicothoraci c  
s ign - see Chapter 1 6, pp .  234-235 ) . 

• L inear ca lc i fication is often seen i n  vascu lar  masses (e .g . an aneu rysm). 
Occas iona l l y  a thymoma or  a teratoma w i l l  a l so ca lc i fy. 

• Lymphadenopathy can be seen in any compartment but is part icu l ar! 
common at or around the h i la .  En la rged nodes tend to produce a l umpy, 
bumpy contour. 

• An aortic aneurysm w i l l  fo l low the course of the aorta. Often a normal aortic 
knuckle w i l l  not be identified. 

• A fixed h i atus hern i a  (m iddle mediasti num in  posit ion) can often be 
d iagnosed from the fronta l CXR. It shows an i ncreased dens ity over ly i ng the 
heart. Usua l ly  i t  extends to the left of the m id l i ne.  Class ica l ly, it wi l l conta i n 
gas. An a i r-fl u id  l evel i s  often v is ib le .  See p.  320 .  
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GAS I N  TH E M E DIASTI N U M - PN EUMOM E D I ASTI N U M  

Some aspects of pneumomed iast inum a re i nc l uded o n  pp. 1 04-1 05 i n  
Chapter 7 ;  i n  part icu lar, the causes for a co-ex i st ing pneumothorax and 
pneumomediast i num are exp la i ned. 

The mediast i num commun icates with extrathorac ic  s i tes via n umerous fasc i a !  
p lanes. A i r  i n  t he  mediast i num can  d i ssect a long these p lanes and may be  seen 
i n  va r ious posit ions outside the thorax. These extrathorac ic  s i tes i nc l ude the: 

vascu la r  sheaths in the neck 

retropharyngeal space 

submand ibu lar  space 

retroperitoneal space 

PNEUMOMEDIASTI N UM: CAUSES 

The most common cause i s  rupture of an a lveo lus .  There are other causes 
(Tab le 8.4). When an a l veolus  ruptures, the a i r  d issects a long vascu la r  bund les 
with i n  the l u ng to reach the root of the l ung. From the l ung  root the a i r  enters 
the mediasti na l  soft t issues (Fig. 8 .25 ) .  

Table 8 . 4  Causes o f  pneumomediastinum. 

Alveolar rupture 

Asthma 

Mechanical  venti lation 

U nderwater diving 

Smoking marijuana 

Smoking cocaine 

Spontaneous 

Aetiology 

Thoracic trauma 

Closed 

Penetrating 

Other 

Trachea l / bronchia l  rupture 

Laryngeal trauma 

Oesophageal rupture 

Mediastinal i nfection 

Retroperitoneal abnormal ity 
(e.g. perforated viscus, 

retroperitoneal surgery) 

Facial fracture/trauma 
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Figure 8.25 Air or gas can enter the mediastinum as a result of different pathological 
processes. These include rupture of an alveolus, tracheal or bronchial rupture, or a tear in 
the wall of the oesophagus. The air commonly extends into the neck. Very occasionally the 
mediastinal air dissects inferiorly into the retroperitoneum. 
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PNEUMOMEDIASTI NUM: CXR APPEARANCES2·6--9 

One, some, or a l l  of these fi ndi ngs may be present: 

The "cont i nuous d iaphragm s ign" .  Norma l l y  the central part of the 
d iaphragm is  not v isual ised on a frontal CXR because i t  i s  not i n  contact with 
l ung. Med iast i na l  gas can d i ssect along this t issue plane. Consequently the 
ent i re surface of the d iaph ragm may be v is ib le (Fig. 8 .26) .  

A l ucent (b l ack) ha lo su rround ing the  heart. Th is  i s  a i r. I t  may e levate the 
mediast i na l  p leura away from the heart (F ig. 8 .26) .  

Streaks of gas i n  the neck or i n  the soh t issues of the chest wa l l  (F ig .  8 . 26) .  

A i r  a round the pu l monary artery (and /or i ts main branches) .  Th is  produces a 
b lack r ing appearance. 

Air around the arteries a ri s i ng from the aortic arch .  Appear ing as black r i ngs 
and ohen referred to as the "r ing around the artery s ign", or the "tubu la r  
artery s ign" .  

The thym ic  "angel w ing s ign" (F ig .  8 .27 )  i n  young ch i ld ren and neonates 
(see p. 2 1 0) .  

Figure 8.26 Acute asthma (a) .  Very small bilateral pneumothoraces were evident Air has 
also dissected into the mediastinum and resulted in surgical emphysema extending into 
the neck and the anterior chest wall. The blown-up image (b) shows: ( 1 )  the continuous 
diaphragm sign; and (2) a halo of air surrounding the heart. 
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Figure 8.27 Pneumomediastinum 
in a neonate. The angel wing sign. 
This represents the normal thymus 
surrounded by mediastinal air. 

Figure 8.28 Very subtle findings indicative 
of a pneumomediastinum. Air in the media
stinum is shown as black streaky lines in the 
soft tissues. 

PNEUMOMEDIASTINUM VERSUS OTHER GAS COLLECTIONS 

(a) (b) (c) 

Figure 8.29 A sharp black line around the cardiac margin may be due to: (a) air in the 
pleural space adjacent to the heart (pneumothorax); or (b) air in the mediastinal soft 
tissues (pneumomediastinum); or (c) air in the pericardia/ sac (pneumopericardium). 
Occasionally, this appearance is mimicked by a Mach effect (see p. 128). 
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Pneumomediastinum versus pneumopericardium 

• A pneumoper ica rd ium can m im ic a pneumomediast i num.  I t  usua l ly resu lts 
from penetrat ing trauma or i mmediately fol lowing thorac ic  su rgery. 

• Pneumothorax is common, pneumomed iast inum is much less common, and 
pneumoper icard ium i s  very, very, rare. 

A usefu l rule of thumb: a i r  in the pericardia  I sac stays in the sac and 
wi l l  not  extend above the pericard ia !  reflection- i .e. it w i l l  not  extend 
above the ascend ing aorta. A i r  e l sewhere in the mediasti num ( i .e .  a 
pneumomed iast inum) is not constra ined and w i l l  extend above the 
ascending aorta . 

Pneumomediastinum versus pneumothorax 

Sometimes a i r  in the med ia l  p leu ra l  space (pneumothorax) w i l l  outl i ne the 
l atera l marg in  of the heart and can be m i staken for a pneumomed iasti num.  

I f  you a re i n  doubt as to  where the  a i r  i s  s i tuated -obta i n  a l ateral 
decubitus CXR (see p. 2 3 1  ). 

Pneumoperica rd ium . . .  the a i r  w i l l  move with i n  the pericard ia !  sac and w i l l  
outl i ne  the s ide o f  the heart that i s  e levated. 

Pneumomediasti num . . .  the a i r  w i l l  rema in in the same posi t ion.  It w i l l  not 
move. 

• Pneumothorax . . .  the a i r  wi l l  move to the latera l aspect of the p leura l  sac, 
i .e .  adjacent to the chest wa l l .  
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POTENTIAL PITFALL: THE MACH EFFECT1° 

Somet imes a normal CXR w i l l  show a th in, wel l-defined, b l ack l i ne  around one 
or both lateral marg ins  of the heart. Th i s  is  an optical i l l us ion resu l t i ng from 
overlap of superimposed normal structures . Th is i l l us ion is known as a Mach 
band or Mach effect .  

Whenever a sharp black l i ne i s  seen adjacent to a heart border the poss i b i l ity of 
a pneurnomed iasti um or a pneumothorax must be cons idered. Nevertheless, an 
un important Mach band must be kept i n  mind. I nvar iably, the c l i n i ca l featu res 
w i l l  make a Mach band l i ke ly or un l i kely. I f uncerta inty pers ists then a latera l 
decubitus CXR w i l l  c l ar ify (see Chapter 1 6, p. 2 3 1  ) .  

Figure 8.30 A Mach effect'0 
is responsible for the sharp 
black line adjacent lO the left 
heart border. An occasional 
normal appearance which 
can be misinterpreted as 
a pneumomediastinum . In 
practice, the clinical features 
will usually distinguish 
between a Mach effect and 

�-------------------- air in the soft tissues. 

PNEUMOMEDIASTI NUM I N  AN INFANT 

See Chapter 1 5, pp. 208-2 1 0. 
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AN I NTERESTI NG CONDITION
SPONTANEOUS PN EUMOMEDIASTI N UM 

Aetiology I pathology 

Alveolar rupture. Thought to be l i nked to Va Isa Iva's manoeuvre (e.g. ath letic activi ty, 
clefaecation, parturit ion, marijuana smoki ng, use of cocai ne). 

Clinical features 

Chest pain and/or dyspnoea are common. Neck pain, dysphagia, back pain,  
shou lder pa in ,  neck swel l ing a lso occur. Occasional ly  asympto111atic. 

Physical signs 111ay be absent. Ham111an's sign ( 111ediast ina l  systo l ic  crunch heard 
over the precordi um) occurs in  less than 50% of cases. 

The CXR 

Air  in  the 111ed iastin u111 . A i r  dissecting into the soft tissues of the neck is so111eti111es a 
particular ly dominant feature. 
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L U N G  I N FECT I O N S  

I n  th i s  chapter we describe CXR features that occur with: 

• different types of pneumonia 

pu lmonary tubercu losis 

• H IV-related opportunist ic l ung i nfection 

P N E U M O N I A 7•2 

Pneumonia: An acute lower respiratory tract i nfect ion together with new 
radiographic shadowing'.  

• See earl ier descr ipt ions i n  Chapters 3 and 4. 

• A patient who is d iagnosed with pneumon ia in pr imary care wi l l receive 
ant ib iotic treatment. In most instances treatment of an uncomp l icated 
commun i ty acqu i red pneumon ia is re lat ively stra ightforward 1•2. Amoxic i l l i n 
i s  current ly the ant ib iot ic  of choice because the causative organi sm i s l i ke ly  
to be gram posit ive.  The severity of  the pneumon ia wi l l d ictate whether a 
more complex ant im icrobial regime is i nstituted . 

• A hospita l acqu i red pneumonia is usua l ly due to a gram negative organ ism 
and i ntravenous broad spectrum cepha lospori ns a re usua l ly recommended. 

• Sometimes the CXR appearances wi l l  ra i se the suspicion that the pneumon ia 
may be caused by an unusual  organism. Th i s  can a le rt the phys ic ian and 
may i nf luence the choice of a particu l ar antib iotic .  

Th i s  chapter h igh l ights a few selected points i n  relation to  the va l ue of a 
CXR- i .e.  beyond confi rm i ng that pneumon ic  consol idat ion is present .  
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SOME GENERAL RU LES 

B ronchopneumonia .  

The CXR appearances cannot d i st inguish between causative organ i sms.  

Lobar pneumonia .  

Th i s  i s  most commonly due to Streptococcus pneumoniae 
(pneumococcal pneumon ia) .  

Lobar pneumonia with evidence of expans ion of the lobe. 

The most l i kely organism i s  either Klebsiella or Streptococcus 
pneumoniae. 

The typica l  CXR patterns of bronchopneumon ia and lobar pneumon ia a re 
descr ibed on pp .  3 2-3 5 and 42-44. 

MIGHT THE PNEUMONIA BE ATYPICAL? 

Th i s  refers to an atypica l organ i sm- usua l l y  Mycoplasma or Legionella . If th is  is  
considered to be l i ke ly then a macrol ide ant ib iot ic wi l l  be i ntroduced. 

Table 9.1 Atypical pneumonia. 

Clinical I laboratory 

Prodromal i l l ness 

White cel l  count is often normal 

STAPHYLOCOCCAL PN EUMONIA 

CXR 

U sual ly the CXR features are 
nonspecific 

Sometimes there is just a h int
i.e .  mult i  lobar involvement and 
pleural effusion 

Th i s  is  usua l l y  acqu i red with i n  the hospita l .  I f  the causative organ i sm is 
Staphylococcus a ureus then fl uc loxac i l l i n  i s  i ntroduced. Severa l CXR featu res 
are not specific but are nevertheless suggestive of th is  organ ism:  

Patchy segmental conso l idation which spreads rap id ly  and becomes 
confl uent. 

Cavitation with in  an a rea of pneumonic consol idation . 

Deve lopment of a pneumatocoele. Th i s  occu rs most commonly i n  ch i l dren. 

A pneumatocoele i s  a gas fi l l ed space in the l ung adjacent to an a rea of 
conso l idat ion. On the CXR i t  appears as a round l ucent a rea (Fig. 9 .3 ) .  
A pneumatocoele i s  a transient CXR appearance. 
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ASPI RATION PN EUMONIA 

This may resu l t  from inha lation of gastr ic or oropharyngea l f lu ids, pus from 
infected s inuses, or inha lation of externa l  f lu id . If aspirat ion is the l i ke l y cause of 
the pneumonia then intravenous cepha lospori n /metron idazo le is added to the 
antim icrob ia l  treatment. The fol l owing are suggestive of asp i ra tion : 

C l i n i ca l :  an episode of reduced level of consciousness . 

CXR:  patchy areas of consol idation in the dependent lobes of the l ung. Th is  
wi l l  not  necessar i l y  be at a l u ng base. I f asp i rat ion occurs when supi ne, 
then the right apica l  lower l obe or posterior upper lobe segments are often 
i nvolved. 

BACTERIAL OR VIRAL? 

In general the CXR shadows do not d i st i ngu ish between a bacteria l or v i ra l  
aetio logy. 

An occas iona l  he lpful h i nt :  a combi nation of obvious and widespread CXR 
conso l idation with rather m inor findi ngs on c l i n ica l  exam i nation of the l u ngs 
suggests a v i ra l  pneumonia .  

PNEUMONIA WITH CAVITATION 

Th i s  can occur with an acute bacteria l  pneumon ia . The most common causative 
organisms a re Staphylococcus aureus, Streptococcus pyogenes, Pseudomonas 
aeroginosa, Klebsiella, Escherichia coli. (See pp. 1 34-1 3 7  for tubercu losis . ) 

Figure 9.1 Child with 
a chest infection. Fluffy! 
confluent homogeneous 
shadowing in the left upper 
lobe. Lobar pneumonia . See 

'-------------------- pp. 42-44. 
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Figure 9.2 Chest infection. 
The linear and nodular 
shadows in both lower zones 
represent the typical pattern 
of a bronchopneumonia (see 
pp. 42-44). This was a viral 
pneumonia. 

Figure 9.3 Severe chest 
infection. The round lucenl 
area adjacent lo the left 
lower lobe consolidation 
is a pneumatocoele. 
Pneumatocoeles are 
distended air spaces that are 
characteristically transient
i.e. they disappear fairly 
quickly. Pneumatocoe/es 
do not represent areas of 
cavitation. Staphylococcal 

-------------------='--""'-- pneumonia. 
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P U LMONARY T U B ERCU LOSIS3 

CLASSIC PATTERNS 

Pu l monary tubercu los is (PTB) i s  often suspected by the physic i an when a 
patient from a part icu l a r  at-r isk group (e.g. socio-economic/ demograph ic) 
has m i n ima l  c l i n ica l  symptoms and an abnormal CXR. If a patient is outs ide a 
genera l ly accepted at-r isk group then even a c lass ic CXR PTB pattern may be 
m i s i nterpreted and tubercu los is  not considered. 

I t  is important to recognise CXR patterns that ra i se the suspic ion of PTB 
(Tab le  9 .2 ) .  As a genera l ru le, the di stribut ion and posit ion of PTB shadows 
d i ffers between pr imary and post-primary d isease. 

Table 9.2 The most common CXR appearances. 

I 
Sma l l  area of 
consol idation 
anywhere in 
a l u ng-but 

often i n  a mid 
or upper zone 

Occasiona l ly 
consol idation 

is extensive 

Primary PTB 

I 
I 

U n i lateral 
lymph node 
enlargement 

( i n  95%) 

I 
Pleural 

effusion 
( in 1 0%) 

PTB 

Post-pri mary PTB 

Consol idation +/- cavitat ion 
(NB : i ntrathoracic lymph node 

'?;"' 
Apica l / posterior Apica l segment 

segments of a lower lobe 
of an upper lobe 

Pitfal l .  CXR changes in post-pr imary PTB have a strong pred i l ection for the 
apical or posterior segments of the upper lobes and a l so for the apica l segments 
of the l ower lobes. Sometimes post-pr imary tubercu los is shadowing wi l l occur  
i n  the  anterior segment of  an upper lobe or i n  a basal segment of  a lower lobe. 
Th i s  d i str ibut ion may lead to the assumption that the shadows are not due to 
PTB.  However, an apparently atypica l posit ion for shadowing in post-pri ma ry 
d i sease is usua l l y  accompan ied by shadowi ng i n  the c l ass ical segments . The 
message: if post-pr imary PTB is c l i n ical ly  poss i b le you must a lways check out 
the c lass ica l segments on both the frontal and lateral CXRs3. 
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MI LIARY PTB 

This represents haematogenous spread of the baci l l i .  It is most commonly 
assoc iated with pr imary PTB but it can occur  with post-primary PTB.  The term 
"m i l i a ry" refers to the m i l let-seed appearance of the t i ny nodu les scattered 
throughout the l u ngs. To be tru ly m i l ia ry the sma l l  dens i t ies w i l l  a l l  be of the 
same s ize (0.5-2 .0 mm in  d iameter), sharply defined, and w i l l  usua l l y  involve 
the l ung ap ices. 

The v is ib i l ity of these t i ny nodu les on the CXR is the resu l t  of superi mposition of 
hund reds of the t i ny foci one on top of another. I f  the number of foci a re not yet 
i n  the i r  hundreds and thousands then they wi l l  not be detectab le .  Consequent ly, 
a patient may have m i l ia ry PTB and yet the CXR may appear norma l .  

(a) (b) 

Figure 9.4 A common 
pattern in primary PTB. 
Unilateral hilar lymph node 
enlargement. 

Figure 9.5 Classic patterns in post-primary PTB. Lung shadowing that favours the apical 
or posterior segments of an upper lobe (a); or involving the apical segment of a lower lobe 
(b, c) 
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Figure 9.6 Unilateral hi!ar lymph 
node enlargement (and, incidentally, 
the azygos node is also enlarged). 
Primary PTB. 

Figure 9.8 Diffuse shadowing in 
both lungs with cavitation. A lateral 
CXR showed the apical segments 
of both lower lobes to be involved. 
Post-primary PTB. You might wish 
to remind yourself of the superior 
extent of both lower lobes on the 
reference images at  the front of the 
book (p. viii. ) 

Figure 9.7 Extensive shadowing, and some 
volume loss, in the righl upper lobe. Post 
primary PTB. 

Figure 9.9 Numerous fine nodules (0.5-
2. 0 mm in diameter) are present throughout 
both lungs. The lung apices are nol spared. 
Miliary PTB. 
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ARE THE CXR SHADOWS DUE TO ACTIVE OR INACTIVE PTB? 

A recu rr ing d i lemma.  A CXR shows PTB scarri ng- but a re there any featu res to 
suggest that i t  cou ld  be active? Table 9 .3  provides some guide l i nes which w i l l  
h e l p  t o  make t h e  assessment. 

Table 9.3 Active or I nactive PTB ?  

Active 

Cavitation 

I l l-defined shadows 

Change from an earl ier 
CXR ( i .e. a n  i ncrease in 
shadowing). 

Probably inactive 

Considerable 
calcification with a l l  
shadows wel l -defined 

No change on seria l  
CXRs at  least s ix months 
apart 

Apply the precautionary 
principle:  

A lways . . .  carefu l 
c l i n ical assessment and 
sputum examination 

Figure 9.1 0 Note the wel/
defined ("hard") shadowing 
at the apex of the left lung 
with elevation of the left 
hi/um. These features suggest 
old inactive PTB affecting the 
upper lobe. 

Figure 9.1 1 !II-defined 
shadowing at the right lung 
apex. Active post-primary 
PTB. NB: the lung apices are 
where tuberculous shadows 
commonly occur . . .  and 
they can hide behind the 
overlapping ribs and clavicle. 
On this CXR compare and 
contrast the appearance of 
the right lung apex with the 
entirely normal left apex. 
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H IV RELATED OPPORTUN ISTIC L U N G  I N F ECTI O N S4 

The Acqu i red Immune Defic iency Syndrome (AI DS) first appeared as a 
devastat ing epidemic du r ing the 1 980s. The cause of the syndrome is 
i nfection wi th human immunodeficiency virus (H IV). Affected pat ients a re 
immunocompromised. Consequently they are vu l nerab le to secondary i nfection 
with other organ isms. Deb i l itating and l i fe-threatening l ung i nfect ions 
(Tab le  9.4) are common. 

Table 9.4 H I V-related l ung i nfections. 

HIV thoracic disease 

Opportun istic infections 

Early in AIDS 
I 

Bacterial pneumonia 

I 
I I 

Broncho- Lobar 
pneumonia pneumonia 

Tumours 

Lymphoma 

Established AIDS 

Kapl)si's 
sarcr ma 

Other 

I 
Ly1r"Jhocytic 

in ·rstit ia l  
pn umonia 

Oc urs most 
co 1monl y 
in h i l dren 
wi h AI DS 

Mycobacterium 
avium-intracellu/are 

PTB Pneumocystis carinii 
pneu monia 

MYCOBACTERIUM AVIUM-INTRACELL ULARE 
The CXR appea rances a re non-specific. They inc l ude: h i l a r and med iasti na l  
lymph node en la rgement; and/or nodu lar  l ung shadows; and/or a reas of 
a lveo lar  consol idation . 

PTB 

The most common patterns on the CXR are: 

Pr imary PTB . . .  lymph node en la rgement; or 

Post-pri mary PTB . . .  apica l  consol idation +/- cavitation . 
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PNEUMOCYSTIS CARINI/ PNEUMONIA (PCP) 

With confi rmed PCP i nfect ion the CXR is abnorma l  in the major ity of cases. 
The reported i ncidence of a norma l  CXR varies in different series (5-30% of 
cases). The common CXR patterns: 

l n i t i a l l y  . . .  peri h i l a r  and basa l fine ret icu la r  densi ties caus ing a ground 
glass or hazy appea1·ance. 

These rapid ly develop i nto extensive a reas of a lveo la r  consol idation . 

Some uncommon patterns do occur: 

Th i n  wa l l ed cysts and cavit ies. 

Discrete foca l  areas of consol idation . 

Very uncommon findi ngs: 

P leura l  effus ion .  

Lymph node en la rgement. 
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1 () B RO N C H IAL CARC I N OMA 

Every patient with an ominous symptom (e.g. smoker with recu rrent 
haemoptys is) or with a less a la rm i ng symptom (e.g. a persi stent cough i n  a man 
aged 65 years) - is th ink i ng: 

"Do I have cancer? "  

Table 1 0.1  Bas ic  information about bronchial carcinoma (USA / U K). 

Histological % of all Relation Usual Notes 
type bronchial to cigarette position on 

carcinomas smoking the CXR 

Adenocarci noma 45% Strong Peripheral May develop around 
( inc luding 

Exception: 
a l u ng scar- a  scar 

bronchiolo- ca rc i noma . 
a lveolar cel l  bronchiolo-

carcinoma) a lveolar cel l 
carcinoma 
has a weak 
association 

Squamous cel l  35% Strong Central* or Cavitation recogn ised 
peripheral 

Smal l  cel l 20% Strong Central or Central aclenopathy is 
( inc l uding oat peripheral often very bul kv 
cel l carcinoma) 

Large ce l l  1 %  Strong Central or Usua l ly larger than 
peripheral 3 cm in diameter when 

i t  is  a peri phera l lesion. 

* central = within a main or lobar bronchus. 

CXR: MISSED L U N G  CANCERS - I MPORTANT MESSAGES 

Most cancers (more than  70%) occur  i n  the  upper lobes ' . 

A carc i noma can be overlooked on the CXR because a superi mpos d 
structure ( r ib or vessel )  makes it less consp icuous. Th is occurred i n 7 1 % of 
overlooked lesions in one series1. 

Double check the lung areas covered by the ribs. 

Always ask yourself: is that density really just rib and vessel overlap? 
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OBVIOUS CXR A B N O RMALITY 

Many bronch ia l  carci nomas are easy to detect- usua l l y  as a conspicuous mass 
periphera l l y  or at a h i l u m  (F igs 1 0. 1 -1 0.4) .  

Figure 1 0.1  Lung opacity (arrow) 
with an irregular outline. Enlarged 
right hi/um. Peripheral bronchial 
carcinoma with metastatic spread to 
the hi/ar lymph nodes. 

Figure 1 0.3 The left hi/um is (a) 
enlarged, and (b) denser than the 
opposite site. Centrally situated 
bronchial carcinoma. 

Figure 1 0.2 Solitary nodule (arrows) in 
right mid zone. Bronchial carcinoma. 

Figure 1 0.4 The left hi/um is enlarged 
and-importantly- is denser than the 
right hi/um. Centrally situated bronchial 
carcinoma. 
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S U BTLE CXR A B NORMALITY 

TUMO U RS WILL  H I DE 

Some carci nomas a re difficu l t  to detect because of the ir  posi t i on or because 
they a re overl apped by norma l  structures (Figs 1 0 . 5 ,  1 0.7  and 1 0.8) .  To locate a 
h idden mass you need to i nspect four a reas very ca refu l ly : 

1 .  Super imposed on the heart. 

Make sure that the density of the heart on both sides of the spine i s  equa l .  
Anyth ing other than a very s l ight d ifference i n  density shou ld ra ise the 
poss ib i l i ty of a lower lobe lesion / mass. 

2. The lung apices. 

Some t umours begin as flat l es ions and the CXR appearance may be 
d i sm issed as s imp le  pleural th icken ing (Fig. 1 0 . 7) .  Overlap by the fi rst and 
second r ibs may compound the problem. A flat ap ica l  ca rcinoma can m im ic  
a p leura l  cap  (see box below and  p. 230). 

3. Below the horizon of each dome of the diaphragm. 

A la rge part of each lower lobe l ies below the horizon of each dome of the 
d iaphragm. Even so, if a l ung mass is surrounded by a i r, then i t is  usua l ly 
detectable on the frontal CXR (Fig. 1 0.8 ) . 

4. Around the h i l a .  

This does not refer to  h i l a r  en la rgement.  I t  refers to  t he  l u ng parenchyma 
a round, beh ind and i n  front of  a h i  I um.  Overlap by vessel s enteri ng or 
l eaving the h i l u m  can cause a nearby l u ng les ion to be over looked . 

BEWARE THE "BENIGN APICAL PLEURAL CAP113A 

A flat apical carcinoma can mimic 
a p leural cap. Do not dism iss the 
appearance if: 

A cap has a depth greater 
than 5 mm. 

B i  latera I caps are present 
and one is more than 5 mm 
deeper than the other. 

Always assess the r ibs adjacent to a 
presumed apical p leu ra l  cap for any 
evidence of bone i nvolvement. 



BRONCHIAL CARCI NOMA 1 43 

(b) 

Figure 1 0.5 A small nodule is situated in the left lower lobe. On the frontal projection it 
will be overlooked unless: (a) correct windowing is carried out; and (b) this "behind the 
heart" area is looked at very carefully. 

Figure 1 0.7 The right apical lesion 
(arrows) should not be dismissed as 
benign apical pleural thickening or 
fibrosis. It is a bronchial carcinoma. 
The overlying ribs are partially 
obscuring the tumour. 

Figure 1 0.6 The tricky 
hidden areas are shown in 
colour: behind the heart, at 
both lung apices, below the 
horizons of the domes of 
the diaphragm, and around 
the hi/a. 

Figure 1 0.8 A peripheral nodule (arrow) is 
situated below the horizon of the left dome 
of the diaphragm. Bronchial carcinoma. 
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CENTRAL TUMO U R - NO LOBAR COLLAPSE 

A tumour with i n  a ma in  bronchus which has not caused lobar col lapse can be 
difficu l t  to detect. Abnormal featu res may be subtle. Keep your eyes peeled for a 
dense h i l u m  and/or an en larged h i l um .  

Three questions to a sk  of t he  h i l a :  

Are the  h i  la  of  normal  s ize? Yes = norma l .  So  far so  good. But .  . .  

I s  e i ther h i l um  lobulated ( i .e. l umpy, bumpy)? Yes = abnorma l .  

I s  e i ther h i l um  denser than the opposite side? Yes = abnorma l .  

CENTRAL TUMO U R-WITH LOBAR COLLAPSE 

Paradox ica l ly, complete col lapse of a lobe can often be more difficu l t  to detect 
than part ia l  col lapse (see Fig. 1 0. 1 0) .  The features i ndicati ng lobar col l apse a re 
described i n  deta i l  i n  Chapter 5, pp. 52-69. 

PERI PHERAL TUMOUR -WITH DISTAL CONSOLIDATION 

Someti mes a carc i noma wel l  away from the h i l um  w i l l  obstruct the d ista l 
a i rways. Th i s  can resu lt  i n  an area of consol idation mergi ng with the tumour  
mass, mak ing  the  overa l l  appearance i ndisti ngu ishable from a s imple 
pneumonia (F ig .  1 0. 1 1 ) .  

The c l i n ica l  presentation wi l l  often help to disti ngu ish between the pat ient 
with a s imp le  i nfection and the patient who may be harbour i ng an underly ing 
carc i noma.  It is the overa l l  c l i n ica l p icture wh ich d ictates the next steps 
(Table 1 0 .2) .  

Table 1 0.2 Peripheral consolidation on the CXR-the next steps. 

Clinical presentation I Recommended action 
impression 

Simple community 
acqu i red i nfection 

Simple i nfection 
u n l i kely 

I ndeterminate 
c l in ical features 

Treat as for i nfection. No need for a repeat CXR u n l ess some 
other adverse feature is present. 

Sputum cytology and bronchoscopy and /or CT 

Treat as for infection. CX R  after s ix weeks to check that the 
CXR is now normal .  

N B :  no need for early repeat CXRs-some s imp le pneu monias 
can take s ix or more weeks to clear. See: the s ix-week ru le  
(Chapter 4, p. 5 1 ). 
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PERIPLEURAL TUMOUR -WITH A PLEURAL EFFUSION 

A pr imary tumour may i nfi l trate the adjacent p leura and cause an  effus ion .  The 
effus ion can eas i l y  h ide the carci noma (F ig .  1 0. 1 2 ) .  

EXTENSIVE NODAL DISEASE 

Sma l l  cel l  carcinoma of the bronchus often presents with extens ive mediasti na l  
lymph node en largement. Al though the d i sease may be extensive it is  poss ib le  
for any mediasti na l  a l teration on the CXR to be subtle. It is  important not  on ly  to 
check that the med iastina l  contour  appears anatomical  but a l so to check that no 
variation in density i s  present. 

Figure 1 0.9 A central tumour has 
obstructed the left main bronchus 
and caused collapse of the upper 
lobe. This classic, albeit peculiar, 
appearance is described in detail on 
pp. 65-66. 

Figure 1 0.1 1 Consolidation in a 
lingular segment of the left upper 
lobe. A central tumour is the 
underlying cause in this patient. 

Figure 1 0.1 0 A central tumour (pink circle) 
has caused major collapse of the left lower 
lobe. If the cardiac and retro-cardiac areas 
are not assessed then this CXR abnormality 
will be overlooked. 

Figure 1 0.1 2 The left pleural effusion hides 
the peripheral bronchial carcinoma. The 
effusion is caused by the tumour infiltrating 
the pleura. 
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B EWARE - O N E  CANCER IS  THE GREAT IMPERSO NATOR; 

Bronch ioloa lveo lar  cel l  carcinoma (approxi mately 1 -7% of a l l  primary 
bronch ia l  carcinomas) can adopt various disgu ises (F igs 1 0 . 1 3-1 0. 1 5 ). 

Most commonly it appears as a per iphera l mass or nodu le wh ich i s  
ind isti nguishable from any of the other pr imary carc i nomas. The mass or 
nodu le  may cavitate. 

Occas ional ly the CXR appearance m imics a lveolar  d isease . . .  s i m i la r to a 
pneumonia .  The a lveo lar  shadowing may extend to i nvolve severa l lobes. An 
a i r  bronchogram may a lso occur  (see p . 227) .  A non-resolving pneumon ia 
that is c l i n ica l ly puzz l i ng shou ld ra i se a warning flag: the pneumon ic 
appearance m ight be tumour tissue-a bronchioloa lveola r cel l ca rc inoma . 

Very occasiona l ly it is mu lt icentric, presenting as mu l t i p le d i screte 
pu l monary nodu les m im ick ing metastat ic d isease. 

Figure 1 0.1 3 Bronchiolo
alveolar cell carcinoma. 
The most common CXR 
finding-a peripheral 
solitary lung lesion. 

Figure 1 0. 1 4  Bronchiolo
alveolar cell carcinoma. 
An occasional CXR 
appearance- lobar 
consolidation mimicking 
a pneumonia. 

Figure 1 0.1 5 Bronchiolo
alveolar cell carcinoma . Yel 
another CXR appearance: 
multiple discrete pulmonary 
nodules . 
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FACTS AND FIG U RES 

Cavitation 

1 5% of peripheral prirnary carcinornas cavitate. Most of these are squarnous 
cel l  carcinornas. 

Golden's S sign 

A col lapsed right upper lobe with a rnass at the hi I urn resu lts in a reverse S 
configuration. The reversed S is rnade up of an e levated horizonta l fissure and a bu lky 
turnour at the h i  I urn. See p. 64. 

Asbestos related bronchial carcinoma6 

Lung cancer in  asbestos workers usua l ly  occurs 20 years or more after the i n it ial  
exposure. 

The relative risk of developi ng a bronch ial  carcinorna i n  non-srnoking asbestos 
workers varies in  different series ('1 .4 to 4 times the risk as compared with non
srnokers not exposed to asbestos). 

Asbestos exposure and cigarette srnoking have a synergistic effect- i ncreasing the 
r isk of developing a bronchial  carcinorna. The risk is as high as 1 00 t irnes greater 
than for non-srnokers with no asbestos exposure. 

I t  i s  uncerta i n  whether the risk of developing lung cancer is increased in individuals 
with CXR evidence of asbestos related pleura l  plaques. 

The risk of developing rnesothel iorna is i ncreased in  i ndividuals exposed to asbestos 
whether or not they srnoke. 
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The CXR has several important roles :  a lerti ng the physician that the heart is 
en la rged, sometimes revea l i ng a compl ication resu lt i ng from cardiac di sease, 
occasiona l ly suggesti ng a specific cardiac diagnosis . . .  frequent ly provid i ng 
reassu rance that a l l  is wel l .  

ACQ U I RED CARDIAC DISEASE -WHAT TO LOOK FOR 

H EART SIZE 

Rules of thumb: Most normal adult hearts have a cardiothoracic rat io (CTR, 
Fig. 1 1  . 1 ) that does not exceed 50% when assessed on a PA 
CXR obta i ned in fu l l  i nspi rat ion ' . Some people (perhaps as  
few as 5%) have an ent ire ly normal heart and yet the CTR 
exceeds 50%. 

In young ch i ldren the norma l CTR can be s l ight ly la rger than 
50%2. 

The transverse cardiac d iameter of a normal heart may vary from one PA 
CXR to another. I n  200 normal adu lts havi ng three CXRs at month ly/yearly 
in terva l s3 :  

..J The average i ndiv idua l  va riat ion across the group was 0.5 cm 

A few i ndiv idua ls  showed a va riation of 1 .0 cm 

.... One person i n  the 200 showed a variat ion of 2 .0 cm 

Figure 1 1 .1 Measuring 
the CTR. On a PA chest 
radiograph obtained in full 
inspiration, if a lb > 50% the 
heart is likely to be enlarged'. 
(a = maximum transverse 
diameter of the heart; b = 
maximum internal diameter 

'---------------_, of the thorax.) 
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On a PA rad iograph variation in the transverse card iac d i ameter or the CTR 
may be caused by: 

Rad iograph i c  exposu re dur ing systole rather than d iastole (th is variat ion 
can be as much as 1 . 7 cm)4. 

S l ight d i fferences in patient rotation . 

D i fference i n  depth of inspiration . Be ca refu l - a sma l l  i nsp i rat ion may 
give a spur ious impression of cardiac en largement. 

• A heart may have a CTR of less than 50% but i t  can sti l l  be en la rged - if its 
transverse d iameter was very na rrow to begin with . I t  may take some t ime 
before an  en la rged heart reaches and exceeds a CTR of 50% (Fig. 1 1 .2 ) .  

Rule of thumb: On in terval PA CXRs, an increase i n  transverse card iac 
d iameter of  more than 2 .0 cm i s  sign ificant. 

Figure 1 1 .2 A heart may be enlarged and yet the CTR can be less than 50%. Take this 
example. (a) The CTR is well within normal limits. The heart is very narrow. (b) Six months 
later, the heart has enlarged but the CTR remains at less than 50%. (c) After a further six 
months the heart has further increased in size but still remains less than 50%. 

(d) Eventually, additional enlargement occurs and the CTR exceeds 50%. 
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CHAMBERS AND BORDERS 

The marg ins  of the cardiac s i l houette a re formed by the chambers of the hea rt. 
We need to be aware wh ich chamber accounts for which parti cu l ar border on 
both the fronta l and the lateral CXR ( Figs 1 1 .3-1 1 . 6) . 

Figure 1 1 .3 Normal cardiac 
silhouette. 

Figure 1 1 .5 Normal cardiac 
silhouelle. 

Figure 1 1 .4 The border-forming chambers: 
pink = right atrium; blue = righl ventricle; 
brown = left ventricle. 

Figure 1 1 .6 The border-forming chambers: 
green = left atrium; blue = righl 1·entricle; 
brown = left ventricle. 
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Potential pitfalls: 

Two inc identa l appearances on a fronta l CXR a re not pathologica l :  

1 .  A confl uence of normal veins  entering the left atr i um  out l i ned by a i r  i n  the 
r ight l u ng (F ig .  1 1 .7 ) .  The appearance is of a density beh ind the r ight s ide of 
the heartu Th is can be m i staken for an  en larged left atr i um, or a mediast i na l  
mass, or a pa i-avertebra l soft tissue swe l l i ng. Th is norma l  structure is not 
seen on the left side. Some regard this opacity as part of a norma l  l eft atr i u m  
rather than a confluence of vei ns. The dist i nction i s  a semant ic  one. The 
i mportant point  is  that i t  can be detected in  1 0% of adu l t  CXRs (Chapter 1 6, 
p. 239 )  and is a norma l  and c l i n ica l ly  un important va r iant .  

2 .  A very large fat col l ection (sometimes referred to as a fat pad) at e i ther or 
both cardiophren ic  angles (F ig .  1 1 .8) .  

These fat col lections a re commonplace as peop le become o lder a nd 
more affl uent. The fat gives the apex of the heart or the in ferior aspect of 
the r ight heart border a s l ight ly i l l -defi ned (b lu rred) appearance. 

Rule of thumb: If an  apparent mass at  the cardiac apex or adjacent to 
the r ight s ide of the heart: (a) is  of low density; and (b) b l u rs the cardiac 
marg i n- then i t  i s  most l i kely to be a pad of fat. 

Figure 1 1 .7 Normal pulmonary 
venous confluence (arrows) U 
Sometimes the structure is very 
prominent; in others it can be slight 
and subtle. On a PA CXR it can be 
identified in 7 0 %  of patients aged 
50 or over (see Chapter 1 6, p. 239). 

Figure 1 1 .8 Fat collections can occur at 
either or both cardiophrenic angles. It is very 
common in well-fed people aged 50 or older 
(see Chapter 7 6, p. 239). In this 53-year-old 
male (who presented with lower abdominal 
pain) a large fat collection (arrow) causes a 
prominent shadow at the left cardiophrenic 
angle. 
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CHAMBER E N LARGEMENT ON THE FRONTAL CXR2'5'6 

The CXR can be very usefu l in suggest ing whether or not a hea rt is en l a rged . 
Echocardiography w i l l  determ ine whether en la rgement is due to a perica rd i a  I 
effus ion or to chamber en la rgement. 

The CXR appearance does not have the defi n itive role in the preci se assessment 
of chamber en l a rgement. Echocardiography is defi n i tive. A l l  the same, i t  is worth 
being fam i l ia r  with some of the features of specific chamber en l a rgement as 
deduced by ana lys ing the CXR (Table 1 1  .1 and Figs 1 1 .  9-1 1 1 2 ) . 

Figure 1 1 .9 Enlarged left 
ventricle and left atrium. 
Note the prominence (bulge) 
of the left atrial appendage 
just below and to the left of 
the main pulmonar} trunk. 
Mitra/ stenosis and mitral 
incompetence. 

Figure 1 1 .1 0 Enlarged left 
ventricle and left a trium . In 
this patient the enlarged left 
atrium is evident because 
it is producing a distinctive 
double shadow seen 
through the heart and it is 
also pushing the right and 
left main bronchi apart. 
Mitra/ stenosis and mitral 

L...._ __________________ _.... incompetence. 
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Table 1 1 . 1  Chamber enlargement on the frontal CXR-some basic gu idel i nes . 

Enlarged Features 

Left ventric le Prominent inferior aspect of the left heart border. 

Right ventricle 

Left atrium 

Right  atri um 

May give a s imi lar  appearance to left ventr icular en largement 
. . .  but often the upper part of the left heart border is most 
prominent and the cardiac apex is elevated. 

A bu lge of the left heart border j ust i nferior to the main 
pu lmonary trunk.  Th is bu lge is the left atria l  appendage. 

Double shadow seen through the heart. This represents 
the enlarged atrium emerging posteriorly from the cardiac 
contour and consequently its l eft and right margins have 
become outli ned by the a i r  in the l u ngs. 

Gross enlargement can displace and separate the left and 
right main bronchi so that the cari n a l  angle widens and 
exceeds 1 00°. The normal angle does not exceed 1 00°. 

The right heart border becomes prominent. I n  practice . . .  
identifying enlargement of this  particu lar  chamber i s  rea l ly, 
rea l l y  difficult. 

Figure 1 1 .1 1 Left atrium of normal size. 
Cross-sectional image. The atrium is not 
extending oulside the normal cardiac 
shadow-i.e. its left and right margins are 
not prominent. Green = left atrium; 
brown = left ventricle; pink = right atrium; 
blue = right ventricle. 

Figure 1 1 . 1 2 An enlarged left atrium 
(green). Cross-sectional image. The 
posterior and side-to-side enlargement 
of this chamber causes it to emerge from 
the mediastinal silhouette and its borders 
become outlined by the air in the lungs. This 
air-around-the-atrium explains why a double 
shadow is seen on a frontal CXR. 
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LEFT VENTRICU LAR ANEURYSM 

Aneurysmal  d i latation resu lts from myocard ia l  infarct ion. On a fronta l CXR the 
appearance is often highly characteri st ic ( F igs 1 1 . 1 3  and 1 1 . 1 4) . 

A loca l i sed bu lge appears on the mid part of the left heart border. 

The bu lge peaks upwards as wel l as latera l l y. 

A fi ne r im of ca lc i fication may be evident i n  the wa l l  of the aneu rysm. 

Figure 1 1 .1 3  Left 
ventricular aneurysm . The 
position and appearance of 
this bulge on the left border 
of the heart is fairly typical. 

Figure 1 1 .1 4 Left 
ventricular aneurysm. 
Calcification on the 
endothelial lining oi the 
aneurysm is a common 
CXR finding. Reel = thrombus 
in the aneurysm. White = fine 

��-��---� endothelial calcification. 
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PERICARDIAL EFFUSION 

The CXR appearance of f lu id i n  the perica rd ia I sac is very difficu l t  to dist ingu i sh  
from s imple chamber en largement ( F ig .  1 1 . 1 5 ) .  The disti nction i s  rap id ly  and 
eas i l y  made us ing echocardiogaphy. The fol lowing1 a re worth noting: 

The perica rd ia !  sac nom1a l ly  conta ins  ·1 5-30 m l  f l u id .  

Change i n  card iac s ize  or shape on ly occu rs once 2 50-500 m l  of fl u id  has  
accumu lated. 

The c la im that a perica rd ia !  effusion w i l l  produce a globu la r  cardiac out l i ne 
or a wel l-defined cai-d iac contour  because of the tamponad ing effect of the 
effus ion on cardiac motion i s  unsound!. 

Rule of thumb: The s i ng le most important sign of an effus ion on a CXR i s  a 
rap id a l terat ion in heart s ize or shape without any changes in the l ungs1. 

(a) (c) 

Figure 1 1 .1 5  An enlarged cardiac silhouette may be clue to chamber enlargemenl, to 
a pericardia/ effusion, to inflammation I hypertrophy of the cardiac muscu!alUre . . .  or to 
a combination of lhese possibililies. The CXR appearance of lhe cardiac shadow alone 
is insensitive in making a distinction belween these causes of an enlarged hearl. This is 
illustrated: (a) pericardia/ effusion; (b) venlricular clilatalion (i.e. chamber enlargemenl 
with thin waifs); (c) hypertrophy of the myocardium. 
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VALVE CALCIFICATION7·8 

Clinical ly important 

Aort ic .  Usua l l y  a comp I icat ion of a bicuspid valve. 

Mitra! leaflets. Usua l l y  consequent on rheumatic heart d i sease. 

The normal valve consi sts of a fibrous annu lus  (or ri ng), va lve leaflets (or 
cusps), chordae tendinae and papi l l a ry musc les (Fig. 1 1 . 1 8) . 

In rheumat ic heart d isease affect ing the mitral va lve it i s the leaflets that 
a re most commonly i nvolved, and these th icken, ca lc ify and retract .  The 
ca lc i fication i s  va r iab le- most comonly foca l , b lobby, or speck led. Th is  
i s  a very d i fferent appearance to age rel ated ca lc i fication (see be low) . 

Clinically unimportant 

Mitra! r ing.  An age related phenomenon : ca lc ification affects the ri ng 
a round the m itra l va lve leaflets (Fig. 1 1 . 1 9) .  Cl in ica l ly  sign ificant m i tra l 
stenosis resu l t ing from th i s  ageing process is very, very ra re . Th is age 
re l ated ca lc if ication is usua l l y  an i nc identa l  fi nding on a CXR .  It has a very 
characteristic configurat ion -doughnut shaped (Fig. 1 1 .20), c i rcu la r, or a 
reverse C Th is ca lc ification is most common ly seen in e lderly women . 

p 
A 

T 

Figure 1 1 .  1 6  The position of the 
valves on the frontal CXR. 
P = pulmonary; A = aortic; 
M = mitral; T = tricuspid. 

Figure 1 1 .  1 7  The position of the aortic (A) 
and mitral (M) valves on the lateral CXR. 
The clotted line extends from lhe carina to 
the anterior coslophrenic angle. A useful 
rule of thumb: calcification situaled mainly 
above lhis line will lie in the aortic l'alve; 
calcification situated mainly below this line 
will lie in the mitral valve2. 



Figure 1 1 .1 8  Looking inlo lhe 
left ventricle and the left atrium. To 
show the normal mitral valve with 
its fibrous annulus (the ring), valve 
cusps, chordae tendinae, and the 
papillary muscles. 
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Figure 1 1 .1 9  Age related change. 
Calcifica tion of lhe annulus (ring) of the 
mitra/ valve. 

Figure 1 1  .20 Elderly patienl. Female. Prominenl age related calcificalion of lhe mitral 
valve ring. The doughnut shape, or reverse C shape, of lhis calcification (i.e. ii adopts the 
shape of the annulus) is highly characterislic. This is a common incidental CXR finding in 
elderly people. It is very rarely of clinical significance. 
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LEFT VENTRICU LAR FAI LU RE (LVF)6•9· 10• 1 1  

The fol lowing featu res may be present o n  a PA CXR .  

1 .  Cardiac en largement. 

Al most a l l  pat ients with pu lmonary opacit ies clue to LVF have card iomega ly. 
An occasional  exception : a patient with an acute myocard ia l  i nfarction may 
have pu l monary oedema and a normal CTR. 

2 .  Changes in the ca l ib re of the pu lmonary vessels .  

When the pu lmonary venous pressure is norma l the upper lobe vessel s  a re 
sma l l er i n  d iameter than the lower lobe vessel s  on an erect CXR. As the 
venous pressu re beg ins to rise these diameters are reversed and the upper 
lobe vessel s  en large and the lower lobe vessels constrict ( F ig. 1 1 .2 1 ) . 
NB :  th i s  rad io logica l appearance of upper lobe blood divers ion is usua l l y  
very, very, subt le, and  often overcl iagnosed. 

3 .  Lung parenchyma l and p leura l  changes. 

Various changes may occur as the pu l monary venous pressure rises even 
further (Tab le 1 1  .2 ) .  The precise changes wi l l  d iffer between i nd ividua l s . 
When a p leura l  effusion resu l ts from LVF it is common ly bi latera l . 
Occas iona l l y  it wi l l  be un i l atera l ;  when th is occurs it is usua l ly on the right 
s ide. The mechanism for this right-s ided select ivi ty i s  controvers ia l .  . . but may 
be related to the anatomical  a rrangement of l ymphatics dra i n i ng the l ungs . 

Table 1 1 .2 LVF -signs on an erect CXR. 

Early 

Later 

Enlarged heart 

U pper lobe vessels of wider diameter than lower lobe vessel 

Oedema: poorly defined (sl ightl y b lurred) margins of the h i lar vessels 

Oedema: septa! l i nes (Kerley B l i nes) 

Sma l l  pleural effusions -usual l y b i lateral 

I nterstit ial  shadowing (oedema) and/or 

Alveolar shadowing (florid oedema) and/or 

Pleural effusions of i ncreas ing size- usual ly bi latera l 



Figure 1 1 .22 Early LVF. 
Poorly defined margins 
of the hilar vessels due to 
perivascu/ar oedema. 
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Figure 1 1 .2 1  Early LVF. 
Change in size of the upper 
lobe vessels. The pulmonary 
venous pressure was normal 
in (a) .  Subsequently (b), 
prior to developing florid 
pulmonary oedema. The 
upper lobe vessels are 
dilated in (b) as compared 
with (a). This example is 
provided lo illustrate that 
changes in vessel size 
do occur. Nevertheless, 
it is emphasised thal 
evaluation of vessel size in 
early pulmonary 11enous 
hypertension can be very, 
very difficufl. 

Figure 1 1 .23 Early LVF. Septa/ lines (Kerley B lines) caused 
by fluid in lhe inlerstitium. These short, slraight lines reach 
lhe pleural surface and have lhis characteristic appearance. 
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Figure 1 1 .24 Early LVF. Small pleural 
effusions. Slight blunting of the costophrenic 
angles. Effusions in LVF are usually bilateral. 

Figure 1 1 .25 Florid LVF 
Extensive interstitial oedema. 
The fluid lies mainly in the 
interstitium of the lung. 

Figure 1 1 .26 Florid LVF. 
Extensive alveolar oedema. 
The alveolar air spaces have 

._..__ ____________________ filled with fluid. 

Figure 1 1 .27 Florid LVF The 
main finding is a large pleural 
effusion. When pleural 
effusions occur they are 
usually bilateral. Unilateral 
effusions do occur and are 
most often situated on the 
right side. This predilection 
for the right side might be 
related to the differences in 
lymphatic drainage between 
the right and left lungs. 
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CONGEN ITAL H EART DISEASF ' '  

A deta i led descript ion of the numerous congen ita l  card iovascu l a r  condit ions 
i s  beyond the scope of th is book. In c l i n ica l  practice most congenita l  
card iovascu la r  abnormal i t ies present in ch i ldhood (with heart fa i l u re or 
cyanosis) rather than in adu l ts .  Nevertheless, there is one condit ion where an 
adu l t's CXR can show abnormal featu res that  may suggest the l i kely diagnosis. 

Atrial septal defect (ASD)2 

The defect between the low pressure atria can rema in  c l i n ica l ly  s i lent unt i l  
adu lthood. Eventua l l y, the patient may present wi th  non-spec ific dyspnoea, 
a card i ac a rrhythm ia, and/or paradox ica l a rteri a l  embol i sm.  Normal ly, the 
left atri um  i s  at a s l ight ly h i gher pressure than the right atr ium and so b lood 
is shunted through an ASD from the left to the right side. This resu l ts in an 
i ncreased b lood flow through the l ungs. If the shunt i s  very sma l l - the CXR 
may appear ent i re ly norma l .  The c lassical CXR features of a la rger ASD a re :  

Pu l monary p lethora (prom inent pu lmonary vascu la r  markings). 

En la rgement of the ma in  pu lmonary trunk  and the pu l monary arteries. 

A sma l l  aortic knuckle .  This i s  a constant featu re2. The shadow of the 
ascending aorta on the r ight side of the mediasti num is  absent because the 
aort ic root is disp laced by the d i l ated r ight atri um  and right ventr ic l e - i .e.  
causing leftward rotation of the heart and the great vessels .  

Eventua l ly the pressure i n  the r ight  s ide of the heart can become higher 
than i n  the left and the patient develops an E isenmenger syndrome
i .e .  pu l monary a rter ia l  hypertension, shunt reversa l and cyanosis .  

Figure 1 1 .29 ASD. Note the enlarged main 
'------------------' 

pulmonary artery, lhe plethora (overfilled) 
Figure 1 1 .28 ASD. Pulmonary pulmonary vessels -arteries and veins - in 
venous blood shunts across from the mid and distal thirds of the lung, and the 
the left atrium inlo the right atrium. small aortic knuckle. 
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PU LMONARY ARTERIAL HYPERTENSION 

I ncreased pressure i n  the pu l monary arteries causes the a rteries to become 
en larged ( i .e .  i ncreased ca l ib re), or hypertroph ied . . .  or both of these. 

• It is often difficu l t  to d ist i nguish between the various causes of pu l monary 
arteri a l  hypertension (Table 1 1 .3 )  from the CXR a lone. Pri mary pu lmonary 
hypertension is a d iagnosis of excl us ion.  It i s on ly accepted as the l i ke ly 
d i agnosis after a l l  the other causes for pul monary a rteria l hypertension have 
been e l im inated. 

A common d i lemma: when viewing a CXR- are these pu l monary arter ies 
en la rged? Rule of thumb: The diameter at the mid point of a norma l 
descend i ng pu lmonary artery shou ld not measure more than  1 4 m m  i n  
women a n d  1 6  m m  in  men. 

Figure 1 1 .30 The diameter 
of the left descending 
pulmonary artery exceeds 
the normal 7 6 mm maximum 
(male) or 74 mm maximum 
(female) . Pulmonary arterial 
hypertension. 

Figure 1 1 .31 The main 
pulmonary trunk and 
the proximal pulmonary 
arteries are dilated- but 
the pulmonary arteries in 
the mid and distal thirds of 
the lungs are conspicuously 
and disproportionately 
narrower. Pulmonary arterial 
hypertension. 



Table 1 1 .3 Causes of pu lmonary arterial hypertension2· 12 • 

Pu lmonary venous hypertension ( long standi ng) 

Left-to-right shunt 

Pu l monary embol ism 

Respi ratory disease 

H igh altitude 

Drugs and poisons 

Pri mary pu lmonary arterial hypertension 
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1 2 PAC EMAKER ASS ESSM E N T  

The e lectrical st i m u l us which causes the heart to contract or iginates i n the 
s i noatr ia l  (SA) node i n  the r ight atri um.  Th is  i nc ites the two atria  to contract 
via a conduction pathway. The i mpu lse a lso passes from the SA node to the 
atrioventricu lar  (AV) node and thence a long the bund le of  H is to the r ight and 
left ventr ic les (F ig .  1 2 . 1  ) .  

Various pathologica l cond i tions can affect these conduction pathways and cause 
dysrhythmias  or heart b lock when this electrica l  system fai Is to conduct proper ly. 
Heart b lock can be managed by p lac ing a permanent pacemaker with i n the 
heart. Some pacemakers have a l ead which i s  posit ioned i n  the r ight ventr ic le . 
Others pos i t ion a l ead i n  the r ight atrium as wel l  as in the right ventr icle . I n  
addit ion there are devices which resemble pacemakers wh ich can  treat some 
fast l ife-threaten i ng dysrhythm ias by means of pac ing control or by defi br i l lation .  
These devices a re known a s  implantab le converter defibr i l l ators ( ICDs). 

I n  an idea l wor ld we wou ld  pace the left s ide of the heart, but the a rteri a l 
pressure i s  h igh and th i s  wou ld  cause haemostatic problems. Consequent ly, the 
low pressure r ight side of the heart is ut i l ised. 

Figure 1 2.1 Conducting 
system of the heart: 
7 = SA node; 2 = AV node; 
3 = right bundle branch; 
4 = left bundle branch. The 
position of the foramen ovate 
is shown as a ring inferior to 
the SA node. 
Note the additional electrical 
pathway also originating in 
the SA node. This carries 
electrical impulses to the 

'----------------------� right and left atria. 
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PACEMAKER U N 1TS 1-4 

A permanent pacema ker has two components. The first is a power sou rce. Th i s  
is  a pu l se generator which conta i ns sem iconductor ch ips and a sea led l i t h i um 
battery. I t  h a s  a working l i fe o f  approxi mately 10  years. The second component 
is a flex ib le  l ead (or leads). These a re insu l ated wi res which conduct the pu l se to 
the meta l e lectrodes posi t ioned aga inst the cardiac muscle .  

The pacemaker l ead is i ntroduced v ia  a cut clown on a subclavian vei n .  The 
generator is p laced i n  a chest wa l l  pocket fash ioned under the sk i n .  

S I N G LE C H AMBER : D UAL CHAMBER PACEMAKERS 1-4 

A s i ng le chamber pacemaker ( i .e .  one lead on ly) may be used to manage an  
atr i a l  or a ventr icu la r  clysrhythmia .  For atria l clysrhythm ia s-the electrode i s  
pos i t ioned i n  the  r ight atri a l  appendage. For a ventr icu la r  clysrhyth m i a - the 
electrode i s  p laced aga inst the myocard i um at the apex of the right ventr ic le.  
S i ng le chamber ventricu la r  pacing i s  the most basic. I t  is  act ivated when the 
ventricu l a r  rate fa l l s  too low, and only paces the ventri c les .  The activity of the 
atr ia i s  ignored . Nowadays these s i ngle lead systems a re being i nserted much 
less frequent ly. 

A dua l  chamber pacemaker ( i .e. two leads) attempts to synchron i se the atria l  
a n d  ventricu l a r  systems, s i nce t h i s  is  much more physio logica l .  O n e  electrode i s  
positioned in the  right atr i um  and the  other e lectrode is p laced at the  apex of the 
r ight ventr ic le .  

Some pacemakers have three electrodes: one in the r ight  atri um ,  a second in  
the right ventr ic le ,  and a th i rd l ead is pl aced in  the  coronary s inus  ( F ig .  1 2 .2 ) .  
The coronary s i n u s  lead paces the left ventr ic le. Th is system is referred to a s  
b iventr icu l a r  paci ng. 

ICDs a re used to manage speci fic ventricu la r  dysrhythmias .  These devices have 
a s ing le l ead and the major i ty of them have a rad iograph ic appearance wh ich is 
s im i la r  to that of a s i ng le chamber pacemaker. 

Figure 1 2.2 The posilion of the coronary 
sinus opening (red) into the right atrium. The 
sinus is approximately 3 cm long and runs in 
the AV groove on the posterior border of the 
heart. The coronary sinus is the vessel which 
transmits mos/ of the venous drainage of the 
myocardium. The site of the foramen ovate is 

-'-'-----'-�-------'---" shown in blue. 
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POST- I M PLANTATION CXRS 1-7 

Why obta i n  a CXR? It is obta i ned in order to make sure that a l l is wel l .  A 
c l i n ica l l y  unsuspected comp l ication from pacemaker i n sertion is i nfrequent. 
Nevertheless, compl icat ions do occur. 

CXR practice va ries between hospita l s  and c l i n ics . Most physic ians obta i n a 
fronta l CXR soon after i nsertion of the pacemaker. Others obta i n  latera l and 
frontal radiographs .  If an atr i a l  electrode is uti l i sed then a latera l CXR is usua l l y 
needed so as to ensure that the t ip  of the electrode (s i ted i n the right atri a l 
appendage) points towards the anterior wa l l  of the thorax. 

Figure 1 2.3 Optimal electrode 
position. Atrial pacemaker. The tip is 
in the right atrial appendage. 

Figure 1 2.5 Optimal electrode 
positions. Dual chamber pacemaker. 
Pacemakers tend to be introduced from 
the left side in right-handed patients. 

Figure 1 2.4 Optimal electrode position.  
Single chamber pacemaker. The tip of the 
ventricular lead is situated al the apex of the 
right ventricle. 

Figure 1 2.6 Optimal biventricular 
electrode positions. The third lead has 
entered, and extends along, the coronary 
sinus. 



PACEMAKER ASSESSMENT [j'67] 

Figure 1 2 .7 Optimal 
electrode position. Single 
chamber pacemaker. The 
ventricular lead has its lip 
situated at the apex of the 
right ventricle. (Retouched.) 

Figure 1 2.8 Optimal 
electrode positions. Dual 
chamber pacemaker. The 
atrial lead has its lip in the 
right atrium; the ventricular 
lead has its tip at the apex 
of the right ventricle. 
(Retouched.) 

Figure 1 2.9 Abandoned left 
subclavian lead. Pacemaker 
electrodes usually become 
adherent to the myocardium 
within a few weeks of 
implantation'. Some leads 
adhere to a vein or to the 
wall of the right atrium. 
When a pacemaker is being 
changed and the old lead 
is difficult to extract it is 
common practice to cut it 
short, cap it, and leave it 
to retract under the skin. 
(Retouched.) 
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TWO C H ECKLISTS 

Fol lowi ng pacemaker i nsert ion the CXR shou ld be assessed us i ng a checkl ist. 
We ut i l i se a l i st for the fronta l  CXR and another for the la tera l CXR . 

PACEMAKER CH ECKLIST -TH E FRONTAL CXR 

1 .  E l ectrode pos i t ion :  

Atri a l  e lectrode i n  the r ight  atri um ( Fig. 1 2 .3 ) . 

Ventr icu lar  e lectrode i n  the apex of the right ventr i c le (F ig. 1 2 .4) .  

B iventricu la r  paci ng: the addit iona l lead is i n  the coronary s i nus 
(F ig .  1 2 .6) .  

2 .  Leads/ l ead 

A d i rect course through the veins  to the heart . 

Nei ther taut nor redu ndant-a lead i s  at r isk of mov ing out of posi t ion i f  
i t  i s  too t ight or  if i t  i s  overlong (F igs 1 2 . 1 0 and 1 2 . 1 1 ) . 

No evidence of a fracture through a lead- a lways look at the at-risk  
p inch-off a rea between the  first r ib and the c lavic le (F ig . 1 2  . 1 2 ) . 

3 .  Immediate post-placement compl ications. Check for: 

Myocard ia l  penetrat ion I perforation . 

- penetrat ion . . .  l i ke ly  if e lectrode t ip  is with i n  3 mm of the epicard ia l  fat 

- perforat ion . . .  e lectrode t ip is in the epicard ia l  fat 

Pneumothorax. 

P leura l  effus ion .  

Figure 1 2. 1 0  A pacemaker 
lead can be too taut. 
Consequently, there is a 
risk of the tip becoming 

�-------------� displaced. (Retouched.) 
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Figure 1 2. 1 1 Right a trial 
lead. Leads should curve 
smoothly through the cardiac 
chambers. Any kinks, coils or 
secondary loops may result 
in electrode displacement. 
This lead is coiled. 
(l�etouched.J 

Figure 1 2. 1 2 Pacemaker 
lead fracture al the pinch-off 
area between the first rib 
and the clavicle". Be careful: 
some pacemakers have a 
non-opaque connector and 
lhis joint lucency can be 
misdiagnosed as represenling 
a lead fracture1. Pacemakers 
are usually introduced on 
lhe lefl side because most 
people are right-handed. 
In lhis illustration it can be 
presumed thal the patienl 
was left-handed or thal 
access to the left subclavian 
vein was compromised. 
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PACEMAKER CHECKLIST -THE LATERAL CXR 

1 .  Ventri cu la r  l ead: 

The t ip  should be d i rected anteriorly and i nferior ly (F igs 1 2 . 1 3 and 
1 2 . 1 4) .  

2 .  Atr i a l  l ead: 

The lead should have a smooth anterior curve as i t  i s  projected over 
the heart (F ig .  1 2  . 1 5 ) .  

The e lectrode t ip  should be angled superior ly- i .e . posi t ioned i n the 
r ight atria l  appendage ( F igs 1 2 . 1 5 and 1 2  . 1 6) .  

Figure 1 2. 1 3  Normal position of a 
ventricular lead. 

Figure 1 2.1 4  Normal position of a 
ventricular lead. (Retouched. )  
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Figure 1 2.1 5 Dual chamber 
pacemaker. Normal positions 
of the atrial and ventricular 
leads. 

Figure 1 2  . 1 6  Dual chamber 
pacemaker. Normal positions 
of the atrial and ventricular 
leads. (Retouched.) 
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A RARE DISORDER-TWIDDLER'S SY NDROMF8 

Aetiology 

Pacemaker in  situ. Usual ly the patient has fiddled with the subcutaneous generator or 
with the lead. Fiddl i ng/ twiddl i ng can cause the generator to become fau lty, or the l ead 
to fracture, or detachment of the electrode from the site of implantation . Someti mes the 
patient does not twiddle and the generator twists spontaneously because it  is contai ned 
in  an overlarge subcutaneous pocket. 

Clin ical features 

The pacemaker fa i l s  to pace. 

The CXR 

Comparison with previous post-placement CXRs may a lert the phys ician prior to an 
impending fa i l u re.  The generator, or a lead, may have changed position /d irection . The 
CXR appearance of the generator ( i .e .  its position) may suggest the reason why the tip of 
the e lectrode has moved or why a lead fracture, from too much twisti ng, has occurred. 

(a) (b) 

Figure 1 2.1 7 A twiddler. (a) Post-implantation and the ventricular lead is in good 
position. (b) Some months later the position of the generator box has changed, loops 
have developed just proximal to the subc/avian vein, and the tip of the electrode is no 
longer at the apex of the right ventricle. One or more of these findings should suggest 
twiddler's syndrome. 
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A RARE DISORDER-SUBCLAVIAN CRUSH SYN DROME9 

Aetiology 

Mechanical  friction appl ied to a pacemaker lead can cause damage to the wire. Most 
commonly th is  friction occurs against the clavicle or the first rib; it is  then referred to as 
a subclavian crush. 

Clin ical features 

The pacemaker fa i ls to pace. Syncope or sudden death may occur. 

The CXR 

The wire may be th i nned or fractured. On a l l  CXRs- when a pacemaker is in  s i tu  and 
has been i ntroduced via a subclavian vein  puncture - the pacemaker lead should be 
eva l uated for any damage including eros ion. The most vul nerable s i te  is where the lead 
crosses underneath the clavicle (Fig. 1 2 . 1 2) .  
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I NT E N S I V E  TH E RA PY U N IT 

I n  th is  chapter we concentrate on some of the pitfa l l s  and difficu l t ies that can 
occur  when eva l uat ing the bedside CXR in the i ntensive therapy un it ( ITU) . 

Figure 1 3.1 The CXR is 
essential for assesment of all 
lines, tubes and catheters. 
Careful analysis of the 
pulmonary and pleural 
appearances will assist  

..._ ____________________ clinical management. 

T H E  B E D S I D E  CXR 

Mis lead i ng appearances may resu l t  from the patient's position or be due to 
rad iographic techn ique when a supine CXR is obta ined. 

POTENTIAL PITFALLS 

• The bedside AP projection magnifies the heart and the med iasti num (p. 5 ) .  

S l ight patient rotation, angulation of  the  x-ray beam or variable x-ray tube to 
patient d i stances can produce decept ive featu res on the CXR . 

.J Rotation - normal aort ic arch vessels  can s imu late an upper zone mass . 

.J Beam angu l ation -spurious left lower lobe consol idat ion ' . 

.J D iffer ing x-ray tube to patient distances -a lterat ions i n mediasti na l  
magn i fication on  serial CXRs. 

• Exposures can vary. An underexposed CXR (everyth ing too wh ite) or 
an  overexposed CXR (everyth ing too black) can obl i terate important 
abnorma l i ti es. Fortunately, problems resu lti ng from under- or overexposure 
can be parti a l l y  corrected using the wi ndowi ng faci l ity on d igita l images. 
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ASSESSING THE BEDSI DE CXR 

A three-step sequence 

1 .  Check the pos it ion of a l l  l i nes, tubes and pacing leads. 

2.  Check the l ungs and p leura. Check the mediast i num .  

3 .  Apply t he  three-film rule: Always compare the present CXR  with the 
immediately preced i ng one . . .  and then with an even ear l ier CXR. 

L I N ES A N D  TU BES 

These must  be correctly posit ioned (Table 1 3 . 1 ) . Fa l se readi ngs, i nadequate 
d ra i nage and iatrogenic in ju ry do occur. 

Table 1 3. 1  Optimum positions. 

Line, tube, wire 

Central venous 
pressure l ine 

Swan-Ganz catheter 

(Pulmonary arterial 
catheter) 

Nasogastric tube 

Nasoenteric tube 

ln tercostal dra i n  
(thoracostomy tube) 

Endotracheal tube 

Tracheostomy tube 

Tunnel led venous 
catheter/ 
H ickman l i ne 

Purpose I function 

Monitoring right atrial pressure 

F l u id infusion/nutrition 

Drug admin istration 

Monitoring pu lmonary arterial 
pressure 

To distinguish between cardiac 
and non-cardiac pu lmonary 
oedema 

Gastric decompression / 
aspiration 

N utrition 

N utrition 

Drai nage of a pneumothorax/ 
pleural effusion 

Assisted ventilation 

Assisted venti lation 

Prolonged venous access 

Nutrition 

Chemotherapy admin istration 

Best position for the tip 

Superior vena cava or 
brach iocephal ic  vei n  

Ma in or  lobar pu lmonary 
a rtery 

At least 1 0 cm beyond 
the gastro-oesophageal 
j unction 

Beyond the gastric pylorus 

In the pleura l  space 

5-7 cm above the carina 

See p. 1 88.  

J unction of superior vena 
cava and right atri um 

Oesophageal 
Doppler probe 

Monitoring cardiac output via Mid oesophagus 
measurement of b lood velocity 
in the descending aorta 
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CENTRAL VENOUS PRESSURE (CVP) L INES 

Valves are present i n  the jugular and subclavian vei ns (Fig. 1 3 .2 ) . The t ip 
of the central l i ne must be d i sta l to the va lves otherwise centra l venous 
( i .e .  r ight atri a l )  pressure readi ngs wi l l be i naccurateV 

Rule of thumb: On the CXR, the superior vena cava (SVC) commences at the 
level of the r ight fast anter ior intercosta l space. 

A catheter t ip  situated i n  the right atri um or r ight ventr ic le may cause an  
a rrhyth 111 i a .  

A cu rve at the t ip  of  a CVP l i ne suggests that the catheter i s m i sp l aced. E i ther 
it has entered a s ide vessel (Fig. 1 3 .7), or i t  is  j ammed aga i nst the ve sel wa l l , 
or it l ies outside the vein .  

VALVES1 

The last va lve in  the subclavian vein is 2 cm proximal to its junction with the 
internal jugular vei n .  

T h e  last va lve in  t h e  intern a l  jugular vein is approximately 2 . 5 cm above its j u nction 
with the subclavian vein .  

T h e  brachiocepha l ic  veins and t h e  SVC d o  not contain valves. 

Fig. 1 3.2 Vessels: 
7 = internal jugular vein; 
2 = subclavian vein; 
3 = left brachiocephalic 
vein; 4 = right 
brachiocephalic vein; 
5 = SVC; 6 = orifice of 
the azygos vein; 
7 = right atrium; 

�-----------------� 8 = inferior vena ca va . 



Figure 1 3 .3 The tip of the internal jugular 
line is correctly positioned in the SVC. 
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Figure 1 3.4 The tip of the left subclavian 
line is correctly positioned (i.e. well beyond 
the last valve in the vein) .  

Figure 1 3.6  Right subclavian line in good 
position with its tip in the SVC. The SVC 
commences at the level of the right firs t 

�---------------� anterior intercostal space. (Retouched. ) 

Figure 1 3.5 Right internal jugular 
line in good position. (Retouched.) 
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Faulty positions I complications 

L ine too h igh - inaccurate CVP measurements . 

L ine too low- risk of card iac arrhythmia if in right atri um . 

Vessel wa l l  perforation resu l t ing i n :  

pneumothorax _ i nfus ion of fl u id  i nto the med iasti num or the p leu ra l  space 

Figure 1 3.8 The subclavian line has 
entered the internal jugular vein and lhe 
tip is directed towards the cranium. 

Figure 1 3.7 The tip of 
the internal jugular line is 
curved (kinked). A curve at 
the tip always suggests that 
ii has entered a side vessel, 
or that it is jammed against 
the vessel wall, or that it 
has penetrated the wall and 
entered the soft tissues. In 
this example the tip has 
entered the azygos vein. 

Figure 1 3.9 The subclavian line is poorly 
positioned. Its tip lies proximal to a valve. 
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Figure 1 3 . 1 0  The subclavian line has entered the internal jugular vein. (Retouched.) 

Figure 1 3.1 1 The tip of 
the internal jugular line is 
situated in the righl atrium. 
An unsatisfactory position; 
it may cause an arrhythmia. 
(Retouched.) 
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SWAN-GANZ (SG) CATH ETER 

A SG catheter (pu lmonary arter ia l  l i ne) measures the pu lmonary capi l lary wedge 
pressure. Th i s  a l lows an assessment of the left atr ia l  pressure and card iac output. 
These pressure measurements have been regarded as crucia l  i n  complex ITU 
cases and he lp to d i st inguish between cardiac and non-cardiac pu lmonary 
oedema. However, the usefu l ness of these catheters has been d isputed and 
some stud ies suggest that pu lmonary a rtery catheters do not improve pat ient 
outcome4-7. 

Figure 1 3.1 2 The tip of 
the SC catheter is correctly 
positioned; i.e. the tip does 
not project more than 
2 cm beyond the mediastinal 

�-----------�---�---� outline. 

Figure 1 3.1 3  SC catheter. 
Correct position. The tip 
(arrow) of the ca theter 
overlies the border of the 

�-------------------� heart. 



PATIENTS I N  ITU [i"81'J 

Optimum posit ion . The SG t ip should be s i tuated between the ma in  
pu l mona ry a rtery and the in terlobar arteries. Apply  th i s  ru le : on the CXR the 
SG t ip  shou ld extend no more than 2 .0  cm beyond the mediast i na l  shadow. 

Fau l ty pos i tions:  

D i stal m igration of the tip may cause pu lmonary i n farct ion .  

Prox ima l  m igration is common. If the t ip i s  positioned i n  the right 
ventric le  then there i s  a risk of an a rrhythmia .  

Figure 1 3. 1 4  S C  catheter. 
The tip is situated well 
beyond the mediaslinal 
shadow . . .  in this example 
a pulmonary infarct has 

�-------------------� resulted. 

Figure 1 3. 1 5  SC catheter. 
Poor position. The tip of the 
catheter is well beyond the 

L-'-----------------�---'- mecliastinal shadow. 
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NASOGASTRIC (NG) TUBE 

One or more side holes extend along the  distal 5-1 0 cm of  the  tube 
(F ig.  1 3  . 1  6) .  

The NG t ip  m ust be at least 1 0  cm beyond the oesophago-gastr ic j unction . . .  
th i s  w i l l  ensure that a s ide hole (Fig. 1 3 . 1 6) is not si tuated i n  the i ntra
abdomina l  portion of the oesophagus ( Figs 1 3 . 1 7  and 1 3 . 1 8) . 

Figure 1 3. 1 7 Part of the oesophagus 
is normally situated just below the 
diaphragm. It is important  that the tip 
of a NC tube is positioned 7 0 cm or 
more below the gastro-oesophageal 
junction - otherwise some of the 
side holes are likely to be within the 
oesophageal lumen. 

Figure 1 3. 1 6  A selection 
of large bore and small bore 
NC wbes. Note the positions 
of the side holes which 
extend along the distal 
5- 7 0 cm of the tubes. 

Figure 1 3.1 8 The tip of the NC tube is in 
good position. 
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L-------------�� 
Figure 1 3.20 The NC tube is curled on 

Figure 1 3. 1 9  Unsatisfactory itself and its tip lies within the oesophagus 
position. The tip of the NC tube is at the level of the clavicles (arrow). The lung 
positioned below the diaphragm - shadows represent extensive changes due to 
but it is still within the oesophagus. adult respiratory distress syndrome (ARDS). 

Figure 1 3.21 The NC tube 
is identified by its dense 
tip. The tip has entered the 
trachea and lies within a left 
lower lobe bronchus. 
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NASOENTERIC TUBE8 

These feed ing tubes a re th in p lastic catheters with a mercury/tungsten fi l l ed t ip .  
The optimum position for the tip i s  d i sta l to the pylor ic sph incter. 

Caution : becau se the tube is th in and flexi b le i t can coi l  i n the pharynx, 
oesophagus, or stomach.  It may enter the trachea or the r ight ma i n bronchus .  

Figure 1 3.22 The tip of the 
nasoenteric feeding tube is in 
good position; it lies distal to 

'----'------'----'------__J the gastric pylorus. 

PLEURAL DRAINAGE TUBES3,a,9 

The various appearances and diagnostic problems associated with 
pneumothoraces and p leura l  effusions are addressed on pp. 82-1 06. I m portant 
aspects re lat ing to p leura l  drai nage are descr ibed on pp. 1 00-1 0 1 . 

Figure 1 3.23 A selection 
of intercostal and pleural 
drainage tubes. Note the 
number and position of the 
side holes. Most tubes have 
at least two side holes. 
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Figure 1 3.24 Pneumothorax. 
Erect CXR. Pleural drainage 
tube in good position. 

Figure 1 3.25 Pneumothorax. 
Some of the side holes of 
the pleural drainage tube are 
outside the pleural space and 
are situated in the soft tissues 
of the chest wall. 

Figure 1 3.26 The pleural 
drainage tube is not in the 
pleural space. Its side hole 
and tip (arrow) lie in the soft 
tissues of the chest wall. 
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EN DOTRACH EAL TUBE (ETT)3·8-1-1 

The ETT can move up or down '0- 1 1 :  

F lex the neck and the t i p  can move 1 .9 c m  downwa rds. 

• Extend the neck and it can move 1 .9 cm upwards. 

Rotate the neck and it can move 0 .7 cm upwards. 

Idea l l y  the t ip  should be s i tuated midway between the carina and the 
voca l  cords. 

Rule of thumb: The tip of an ETT w i l l  be in a satisfactory position if i t  
approximates to  t he  level o f  the media l ends of the cl avicles . . .  
i .e .  approxi mately 5-7 c m  above a n  adu l t's carina when the head is he ld i n  
the neutral posi t ion.  

Identify the carina 

I ts a i r  shadow i s  v is ib le on most CXRs. 

If it is not v i s ib le-apply th is  rule of thumb: In 95% of people the car ina  i s  
s i tuated at the  level of  the  T5-T7 thoracic  vertebrae. 

Figure 1 3.27 ETT. Good 
position. Its tip lies 5-7 cm 
above the carina. 
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Table 1 3.2 ETI problems. 

ETT malposition 1 ETT malposition 2 

Tip in the right main bronchus. May cause: Tube in the oesophagus. CXR evidence: 

Left l ung col l apse ETI lateral to the tracheal a i r  shadow 

And/or: right upper lobe col lapse Oesophagus distended with a i r  

O r :  right lung over-distension and Stomach distended with a i r  
pneumothorax. 

(b) - 1  

Figure 1 3.28 ETTs. Faulty positions. (a) Tip at level of the carina - i.e. much too low. 
Flexing the neck from the neutral position can cause the tip of an ETT to descend 1 .  9 cm 
down the airway. (b) The tip of this ETT has entered the right main bronchus. Because of 
the obliquity of the angle of origin of the right main bronchus a much-too-low ETT will 
usually enter the right main bronchus rather than the left main bronchus. 

Figure 1 3.29 ETT Faulty 
position. The ETT has enlered 
the right main bronchus. The 
lefl lung is no longer aerated. 
As a consequence, lhere is 
extensive collapse of the left 

----------------- lung. 
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TRACHEOSTOMY TUBE 

On a CXR the  s ide  wa l l s  of the  tracheostomy tube shou ld  l ie pa ra l le l to the outer 
marg ins  of the trachea ( Fig. 1 3 .30) .  

Table 1 3.3 The CXR fo l lowing introduction of a tracheostomy tube. 

Normal 

Tracheostomy tube wal l s  lie para l lel to 
the long axis  of the trachea. 

Tip l ies several centimetres above the 
cari na.  

The i nflated cuff should not bu lge the 
lateral wal ls  of the trachea. 

I n it ia l ly, fo l l owing the tracheostomy, 
a sma l l  amount of a i r  in the 
mediast inum or subcutaneous tissues 
is to be expected and is un important. 

DOPPLER U LTRASOU N D  PROBE 

Abnormal 

Widening of the mediasti nu m . . . 
a haematoma is developi ng. 

I ncreasing mediast inal  or  
subcutaneous a i r  . . .  a leak is occurring. 

An oesophagea l probe i s  a m i n ima l l y  i nvas ive i nstrument for mon i tori ng cardiac 
output (v ia measurement of blood flow veloci ty i n  the descendi ng aorta) . 
Opt imum probe pos i t ion is at the level (approxi mately) of the m i d  oesophagus. 
Of cou rse i t  is the clear u l trasound s igna l that confi rms that probe posi tion is 
good. Nevertheless, the doppler probe shadow (Fig. 1 3  .3 1 ) shou ld be fa m i l ia r  to 
those who eva l uate ITU CXRs. 

Figure 1 3.30 Tracheostomy tube. 
Good position. Note that the walls 
of the tracheostomy tube parallel the 
walls of the trachea. Figure 1 3.31 Typical appearance of an 

oesophageal doppler ultrasound probe 
(arrow) . 
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T H E  L U N G S  I N  ITU 

CONSOLIDATION, COLLAPSE, I N FARCTION 

The ITU patient is at r isk of  developing pneumonia, lobar  co l l apse due to 
obstructive secretions, p leura l  effusion and pu l monary i nfa rction .  The re levant 
CXR appearances a re described el sewhere: 

• pneumon i a - pp. 42-50 

• lobar co l l apse- pp. 52-69 

• pleural effus ion - pp. 82-88 

• pu lmonary i nfarction -pp. 293-296 

COMPLICATIONS OF MECHANICAL VENTI LATION 

Pneumothorax is common in ITU patients. It is  usua l ly  consequent on 
mechan ica l  vent i l ation . Sometimes it i s  a comp l i cation of subclavian a rtery l i ne 
i n sertion . Detect ing a pneumothorax on a sup ine CXR can be very cha l lengi ng. 
The features to look for have been described ear l i er (pp. 97-1 06) .  

D I FF USE LUNG PATHOLOGY 1 1• 12• 15- 1 7  

• The CXR :  

.J Frequently it is c l i n ica l ly- and radiologica l ly-difficu l t  to te l l  whether 
d i ffuse shadows a re due to pneumon ia ,  adu l t  respi ratory d istress 
syndrome (ARDS), pu lmonary oedema . . .  or a combinat ion of these. 
Tab le 1 3 .4 provides some CXR featu res that can be helpfu l .  But we m ust 
emphas ise that assign ing a specific pathologica l  process to the shadows 
can be problematic.  Indeed, extensive shadowi ng on a CXR often 
represents a combinat ion of pneumonia, a reas of l u ng col lapse, p leura l  
f lu id ,  a n d  ARDS. 

• ARDS: 

.J ARDS is a common cause for diffuse changes i n  the l u ngs. I t  resu l ts from 
an acute a lveo lar  insu l t  causing pu lmonary i nf lammation and  sma l l  
vessel i nj u ry. The damaged endothel i um  leaks f lu id a n d  protei n  i nto the 
a lveo l i .  There a re numerous causes for ARDS inc l ud i ng trauma,  shock, 
systemic  infection, head i nj u ry, mu lt ip le b lood t ransfus ions,  severe 
pneumon ia, smoke inha lation . 

.J ARDS presents c l i n ica l l y  as acute, severe, increas ing respi ratory d i stress. 
Onset of symptoms is usua l l y  with in  24 hours of the orig ina l  i nsu l t
i nvar iab ly with in three days . 

.J The CXR shows diffuse consol idation i n  both l ungs . 

.J Sometimes the appearance of CXR changes is del ayed . . .  on ly  becomi ng 
apparent 1 2  or more hours after the onset of symptoms. 
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Table 1 3.4 The CXR and diffuse l u ng shadows. 

Pneumonia 

CXR features 

Patchy areas of 
consolidation with 
sparing of some areas 

Associated pleural 
effusion is common 

ITU: diffuse shadowing in the lungs 

ARDS 

CXR features 

l n it ia l ly . . .  predomi nant ly 
interstit ia l  shadowi ng 
with rapid evolution i nto 
a diffuse alveol ar pattern 

Opacities are 
widespread, symmetric, 
and involve the l u ngs 
periphera l ly as wel l  as 
around the h i la 

A l l  lung zones 
involved -both centra l ly  
and peripheral ly 

Proximal pul monary 
vessels remai n wel l 
defined 

CXR changes may 
appear 1 2  or more 
hours after the onset of 
symptoms 

CXR appearances persist 
with min i mal change on 
serial radiographs even 
when there is c l in ica l  
improvement 

Pleural effus ions are rare 

Cardiac pu l m nary 
oedema 

I 
CXR featu res 

Cardiac en la rgement 

Lung shadows and the 
onset of symptoms 
occu r  at the same time 

Changes . . .  
predominant ly at the 
l ung bases 

B l u rred margins of 
h i lar vessel s 

CXR clears rapidly i n  
response t o  treatment 

Pleura l effusion is 
common 



Figure 1 3.32 A RDS. Typical 
pattern. Bilateral airspace (alveolar) 
shadowing. 

Figure 1 3.34 Pulmonary 
oedema secondary to intracranial 
haemorrhage. Bilateral airspace 
(alveolar) shadowing. 
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Figure 1 3.33 ARDS. Typical pattern. 
Bilateral airspace (alveolar) shadowing. 

Figure 1 3.35 Extensive pneumonia in both 
lungs. This appearance is indistinguishable 
from the diffuse alveolar shadowing 
that occurs in ARDS. The clinical history 
and examination together with the 
bacteriological findings indicated that the 
lung changes were due to infection - not to 
ARDS. 



[192] PART A: CORE KNOWLEDGE 

FACTS AND F IGURES1B--24 

Analyse the CXR carefu l ly. In one series of over a thousand consecutive ITU CXRs 
35% had c l in ica l ly  u nsuspected abnormal it ies20• 

An i ntravenous catheter or pacing wire may adopt a seemingly bizarre-but 
c learly i ntravenous-route as shown on the CXR. Several poss ibi l i ties. It may 
have fortuitously entered a sma l l  but normal vein, e.g. the i nterna l  thoracic 
( i .e. mammary) vein .  A l ternatively, the patient may have a venous anoma ly 
(e.g. a persistent left SVC). Thoracic venous anatomy - normal and anomalous
has been elegantly described by Godwin and Chen2. 

Pleura l  dra i nage tubes - position" : 

Conventional  teaching: for pneumothorax drainage the t ip is best placed 
antero-superiorly; for f luid drainage the tip is best positioned postero-inieriorly. 
However, several studies22•23 suggest that the precise tube pos ition in the pleural 
space is not that important. 

But be carefu l .  Infected pleura l  fluid is a very d ifferent matter. If  a n  empvema is 
to be drai ned then precise positioning of the tube is crit icalv 

Pleural drainage tube enters a fissure: 

Occasiona l ly this may lead to malfunction24. 

- However it has been shown that it is very common for a tube to be si ted i n a 
fissure2'. In general this position does not adverse ly affect dra i nage. 
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PAE D IATRIC PO I NTS 

Ch i ldren are not- medica l ly-simply l i tt le adults .  

Some pathological processes are shared by ch i ldren and adu lts - the CXR 
patterns a re often identica l or s im i lar. I n  th is chapter we wi l l concentrate on 
aspects of chest radio logy that are d i fferent on a chi ld's CXR.  

N ORMAL ANATOMY 

THE THYMUS 

• The thym ic shadow is v is ib le at b i rth . 

.J I ts s i ze and shape varies widely between infants ( Figs 1 4. 1 -1 4 .4) . 

.J When a ch i l d  is i l l  the thymic shadow may decrease in s i ze . 

.J The gland norma l l y  i nvolutes between the ages of two and eight years . 

.J I t  is exceptional  for the thymic shadow to be evident on the CXR after 
the age of eight years. 

Figure 1 4. 1  33 weeks gestation. 
One day old. Mediastinum widened 
to the right and to the left by a 
normal thymus. 

Figure 1 4.2 Four weeks old. Lordotic AP 
projection. The rounded shadow projected 
over the right upper zone is a normal 
thymus. 
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Figure 1 4.3 Three months old. Cough. A 
triangular opacity overlies the right upper 
zone. Note that it has a sharp, well-defined, 
margin. This is a normal thymus. 

THE H EART1·2 

Figure 1 4.4 Two years old. The right mid 
zone opacity blends with the border of the 
heart. Another normal thymic shadow. The 
thymic shadow usually disappears between 
the ages of two and eight years. 

Two rules of thumb: CXR evidence of card iac en largement. 

On an  i nfant's AP radiograph the normal card iothorac ic  ratio (CTR) 
shou ld  not exceed 60%' .  

On a ch i ld's PA radiograph the norma l CTR can be sl ight ly above 50%, 
though by the second year it ra rely exceeds 50%' (F ig .  1 4 .5 ) .  

ll\ 

Figure 1 4.5 An infant's CTR (a -c b) 
should not exceed 60% on an AP 
CXR. Over the age of 7 2 months, on 
a PA CXR, the CTR adopts lhe aduil 
guideline- it should not exceed 50%. 

Figure 1 4.6 Six months old. The initial 
impression is that the heart is enlarged. 
But . . .  lhis is an AP CXR. The CTR does not 
exceed 60%. There is no reason to suggest 
cardiac enlargemenl. 
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A B N O RMAL CXRs - C H I LD: A D U LT  ����������� 

SIMILAR CXR PATTERNS 

Severa l condit ions that affect both ch i ld ren and adu lts show s i mi l a r CXR 
featu res. For example: lobar col lapse (pp. 52-66), p leura l  effus ion (pp. 82-88), 
pneumothorax (pp. 96-1 04). See F igs 1 4.7-1 4.9 .  

Figure 1 4. 7 (a) Right 
upper lobe pneumonia. 
(b) Pneumothorax. 
(c) Pleural effusion. 



PARTICULAR PAEDIATRIC POINTS 1 97 

Primary tubercu losis (PTB) 

The CXR appearances a re s im i l a r  to those occurr ing in an adu l t  with PTB.  The 
poss ib le  CXR fi nd ings a re described on pp. 1 34-1 3 6  but a re worth repeat ing 
here: 

An opacity i nvolv ing any segment of either l u ng. 

En l a rged h i l ar or mediast ina l  lymph nodes. 

P leura l  effus ion .  

Haematogenous spread p roducing m i l ia ry shadows 
(see Chapter 9, pp. 1 3 5-1 3 6) .  

Figure 1 4.8 Enlarged right 
hi/um. A lumpy bumpy 
appearance. Consistent with 
lymph nodes. PTB. 

Figure 1 4.9 Pleural 
effusion. PTB. 
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CXR PATTERNS SPECIFIC TO CH ILDREN 

Bronchiol itis3-5 

I nfection occurr ing in ch i ldren up to two years of age and caused by the 
respiratory syncyt ia l  virus.  The i nflammation ma in ly affects the bronch ioles . 
These are narrowed by the inflammatory exudate and the narrowing causes a i r  
trapp ing ( i . e. persi stent distension) o n  expi rat ion . 

The CXR features of v i 1·a / i nfect ion are not always recogn ised by those who have 
on ly  episodic involvement with the CXRs of young ch i ldren .  Note: 

A pneumonic pattern does not occur. 

Bronch io l i t i s  typica l ly  shows: 

Over-expansion (a i r  trapping) of the l ungs ( F igs 1 4. 1 0  and 1 4 . 1 1 ) . 

Peribronch ia l  cuffing ( i .e. bronch ia l wa l l  th icken i ng) beyond the i nner 
one th i rd of the l u ng (F ig .  1 4. 1 0) .  

Sma l l  areas of  l i near col l apse/ pe1·iphera l atelectasis . These sma l l  
shadows may change in  posit ion o n  subsequent CXRs,_ 

A sma l l  or poor insp i ration in an i nfant ( i .e. without bronch iol it is) 
often produces hazy peri-h i l a r  shadows that can be m i s i nterpreted as 
i nflammatory change. I n  rea l ity this appearance strongly suggests normal i ty. 

Rule of thumb: If the CXR shows poor expans ion of the l ungs, i .e. they 
are not over- inflated . . .  t h i s  suggests that the i nfant does 
not have bronchio l i tis .  

Figure 1 4. 1 0  Bronchiolitis. CXR features: 
(a) inflammation causes narrowing of the 
bronchioles and air trapping; (b) thickened 
bronchioles seen end-on will occasionally 
appear as small ring like densities (i.e. peri
bronchial cuffing); (c) small areas of linear 
collapse. 

Figure 1 4.1 1  Three months old. 
Bronchiolitis. Note that the domes of the 
diaphragm are low due to the air trapping. 
Some streaky peri-hilar densities are also 
present; they represent inflammation of the 
bronchial walls and adjacent interstitium5. 
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Bacterial pneumonia 1,3,6,1 

Usua l l y  the CXR pattern w i l l  be identica l  to lobar pneumonia or broncho
pneumonia (p ,  44) as they appear on an adu l t's CXR,  Two addit iona l  spec i fic 
featu res a re worth noting: 

Lymphadenopathy. Obvious h i la r  lymph node en la rgement i s  fa i r ly common, 
Th is  contrasts with adu l ts i n  whom a s imple pneumonia rare ly causes a 
lymphadenopathy that is detectable on a CXR,  

Round pneumonia (pseudotumour) . Somet imes pneumonic conso l i dation 
wi l l  appear as a rounded density s imu lat ing a lung mass, Th i s  rounded 
appearance does occu r in adu l ts-but i t  is  m uch less common. I t  has been 
suggested that the round configuration is due to a gravitat iona l  effect in a 
ch i ld  who s leeps i n  the supine pos i t ion,  Others offer a d i fferent exp lanat ion :  
an  i nfant's system of col l ateral vent i lat ion i s  re l at ively underdeveloped 
( i .e .  few pores of Kohn and cana ls  of Lambert), I n flammatory exudates 
accumu lat ing in the a lveo l i  cannot use these pathways to d i ffuse to adjacent 
a lveo l i  a s  they wou ld i n  an  adult Consequently, the exudate adopts the form 
of a sphere- the so-ca l led round, or rounded, pneumonia .  The importance 
of a round pneumonia appearance i s  that i t  can be m is read as a pr imary or 

secondary tumour3·6. 

Figure 1 4. 1 2  Male. Two years old. Cough and fever. CXR (a) shows right upper lobe 
consolidation (pneumonia).  A large round opacity in the left lower zone mimics a tumour. 
Following antibiotic treatment CXR (b) was obtained one week later. Both areas of 
shadowing have almost cleared. The spherical shadow represented a round pneumonia. 
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SPEC I F I C  C L I N I CA L  PROBLEMS 

There a re th ree common cl i n i ca l  scenarios i n which the CXR may-or may 
not- play an i mportant role:  asthma; possib le i nha led foreign body; a n  
swa l lowed foreign body. 

WH EEZING - IS IT ASTHMAF-9 

The most common CXR appearance i n  a ch i ld with asthma i s  an enti re ly 
norma l  rad iograph .  

The ch i l d  wi th  an  establ ished d iagnosis of  asthma does not requ i re a rout i ne 
CXR when an acute exacerbation occurs . However, if there is c l i n i ca l 
deterioration then a CXR is i nd icated in order to exc l ude a compl icat i on 
(pneumothorax, pneumonia or lobar col l apse) . 

Atypical  CXR features should a lways ra i se the suspic ion of a nother ca use 
for wheez i ng, part icu lar ly  foreign body i nha l ation . There i s  an  important 
aphor ism: beware the wheezing chi ld too read i ly  l abel led as asthma  who 
has a foreign body aspirat ion5•8-w 

The l ungs a re over-di stended when more than n i ne posterior r i bs a re vis ib le 
above the domes of the d iaphragm. Rule of thumb: Over-i nflated l ungs. Age 
two years and younger- l i kely v i ra l  i nfection . Older than two years - l i kely 
asthma  (Table 1 4 . 1 ) .  

Table 1 4.1  Over-distended l u ngs. Bronch io l i tis or asthma? 

Pathology 

Bronchio l itis 

Asthma 

CXR features 

Over-distension of both l u ngs 

+ /- focal areas of l i near col lapse 

+ /- peribronch ial cuffi ng beyond 
the medial third of the lung 
(Fig. 1 4 . 1 0) 

Over-distension of both l u ngs 

Peribronch ia l  cuffing 

Note 

The CX R  appeara nces 
may be very si m i l ar in  

bronch io l itis and asthma. 
In a ch i ld under two years 

old bronch iol it is is  the more 
l ikely diagnosis . 
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HAS A FOREIGN BODY BEEN I N HALED?1- 14 

The most commonly inha led foreign body is food, frequently a peanut8-12. A 
h i story of choking is usua l l y  obta i ned . Common c l i n ica l  s igns i nc l ude cough i ng, 
str idor, wheez ing and sterna l retraction . Rapid recognit ion and treatment a re 
essent i a l .  Th i s  is a medical emergency. 

Radiography: i f  the ch i l d  is ab le to cooperate then a frontal CXR should be 
obta ined fo l l owing a rap id forced expirat ion. Air trapping on the affected 
s ide is then more obvious (F ig .  1 4 . 1 3 ) .  A l ternatively, f luoroscopy and 
observi ng the movement of  the domes of the d iaphragm relative to each 
other is an excel lent method of detecting whether there i s  u n i l atera l a i r  
trapping.  

An i nha led foreign body may produce any one of th ree appearances5·8·9· ' ·': 

Norma l  CXR. Th i s  is not necessari ly reassuring. If a strong c l i n ica l  
suspic ion persi sts ( i .e .  that a foreign body has been inha led) then u rgent 
referra l for MRI or bronchoscopy is essentia l .  

Area of  co l l apse or consol idation. 

Air trapping because the bronch ia l  b lockage has caused a ba l l  va lve 
effect. The affected l ung appears b lacker and la rger than the opposite 
norma l  s ide (F ig .  1 4 . 1 3 ) .  

Figure 1 4.1 3 Inhaled peanut has lodged in the right main bronchus. Inspiration CXR (a) :  
the right lung is hypertransradiant (i.e. blacker) as compared with the left lung. Following a 
rapid expiration, CXR (b) shows the severe air trapping in the right lung with displacement 
of the mediastinum to the left side. These CXR findings indicate a medical emergency. 
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IS  TH ERE A FOREIGN OBJ ECT IN THE OESOPHAG US? '5· ' 6 

Occas iona l l y, a coi n  w i l l  lodge in the oesophagus (Figs 1 4 . 1 4-1 4 . 1 6 ) . Some 
of these patients may be asymptomatic. Erosion of the mucosa by a coi n  can 
cause an abscess or med iast i n i t i s .  

There i s  no danger to the ch i ld  i f  the coi n has passed i nto the stomach or the 
i ntesti ne.  A rad iograph of the abdomen (AXR) represents unj usti fied rad iat ion 
exposure .  On ly  a CXR i s  i ndicated. 

Radiography: a s i ng le frontal CXR to i nc lude the neck. 

I f  the CXR i s  norma l ,  then the parents can be reassured that the coi n has 
passed i nto the gut ,  wi l l  cause no harm and wi l l  be excreted wi th in  the next 
few days. 

A caveat. Presently, coins m inted in the U K are i nert. I n other countries 
th i s  is not a lways the case. If a coin has a z inc core and a copper coating 
then gastric acid can d i ssolve the coating and the z inc can cause u lcers 
and anaemia .  In countries where coins are potentia l l y  poisonous then an  
abdomi na l  radiograph ( i f  negative, t o  be  fol lowed by a CXR) wou ld represent 
correct pract ice .  

Figure 1 4. 1 4  Swallowed 
foreign bodies. A coin may 
impact in the oesophagus. 
Impaction usually occurs 
at one of three sites: in the 
cervical oesophagus, at the 
level of the arch of the aorta, 
or at the gastro-oesophageal 
junction. Once a coin passes 
into the stomach it invariably 
travels uneventfully through, 
and out of, the gastro

�-------------� intestinal tract. 



Figure 1 4.1 5 Five years old. A 
coin has impacted in the cervical 
oesophagus. The neck must always 
be included on a child's CXR when a 
swallowed foreign body is a clinical 
possibilil y. 
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Figure 1 4. 1 6 Four years old. A coin has 
impacted at the level of the aortic arch. 

AN I NTERESTI NG CONDITION
CONGEN ITAL LOBAR EMPHYSEMA5·w ------------� 
Aetiology I pathology 

Most cases are thought to result from a bronch ia l  obstruction affecting a lobe of the 
l ung. Occasiona l l y  a structural occ lusion (e.g. bronchia l  atresia) has been demonstrated. 
Usua l ly  one lobe a lone is affected - i nvariably an upper lobe. Occasiona l ly ( less than 
1 0%) two lobes are involved. Air  enters the lobe via the canals of Lambert and pores 
of Kohn (co l lateral a i r  drift) but cannot exit. Consequently the lobe gradua l ly becomes 
very distended and it  ba l l oons to many times its normal s ize.  

Clin ical features 

A few ch i ldren present in  the neonatal period. More commonly, symptoms occur 
between one and six months of age. Dyspnoea and cyanos is are the main features. 

The CXR 

I nvariably a n  upper lobe (usual ly the left) is d istended and hyperlucent. Adjacent 
lobes are compressed. Extreme distension wi l l  d isplace the mediasti num to the 
opposite side. 

I n  the immediate neonata l period a n  affected lobe may appear opaque ( i .e. dense) 
because the amniotic flu id  in  the lobe has not been cleared. 

Occasional ly, with congen ital lobar emphysema, a hyperlucent lobe is found as an 
inc identa l finding on a CXR in an asymptomatic individua l .  
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AN I NTERESTING CON DITIO N - CYSTIC F IBROSIS 1J, ia, i9 

Aetiology I pathology 

Autosomal recessive. 1 : 1 500 l ive b i rths. An abnorma l ity in ch loride ion transport 
which resu lts in viscid mucus production. Poor c learing of the mucus from the a i rway 
predisposes to chest infection, bronch iectasis, and other sequelae of ch ron ic l ung 
i nfection. Age of presentation in chi ldhood is variable. 

Clin ical features 

Recurrent pu lmonary i nfections. Other organ involvement may suggest the diagnosis  
(e.g. i nvolvement of pancreas, l iver-bi l iary ci rrhosis, paranasal s in uses) . 

The CXR 

Norm a l .  . if the disease is mi ld .  

Air  trapping, hyperi nflation. 

Peri bronchia l  cuffing (see Fig. 1 4 . 1 0) .  

Atelectasis, areas of infection, scarring. 

Bronchiectasis (see p. 322) .  Middle and upper lobes predomi nantly: 

...J tubu lar  (gloved finger appearance) and/or 

cystic 

Prominent h i la .  Due to enlarged infected lymph nodes or to pul monary arteri a l 
hypertension. 
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1 3 T H E N EO NATAL CX R 

The newborn i nfant i n  resp i ratory distress is an emergency. 

CXR essential (1 ). A fundamental principle-as a ru le the neonatologist 
cannot be absol utely certa i n  of the cause of the d i stress wi thout a CXR. The 
CXR wi l l  usua l ly confirm the defau l t  d i agnosis or revea l the true cause . 

CXR essential (2). Many of these i nfants w i l l  eventua l l y  have various l i nes 
and tubes i nserted. Confirmation of correct position i ng requ i res a CX R. 

Figure 1 5 .1  Neonate. Can 
you /isl the abnormal findings 
on this chest and a bdominal 
radiograph ?  Answer on 
p. 224. 

Resp i ratory d istress in the newborn wi l l  occasiona l l y be clue to serious 
anatom ical  anomal i es that  usua l l y  requ i re surgical i ntervent ion 1•2 . These i nc lude: 
oesophageal atres i a / tracheo-oesophageal fistu l a; d iaphragmatic hern ia ; cyst ic 
aclenomatoicl ma l formation of the l u ng; congen i ta l lobar emphysema . 

A l l  of these are very rare condit ions, but t hey must not be over looked . I f they 
are not recogn ised then morbid i ty and morta l i ty w i l l  be h igh .  These uncommon 
abnormal i t ies w i l l  not be described here. Radiograph ic examples are i l l u strated 
on p. 2 1 3 .  In th i s  chapter we w i l l  concentrate on the common clay- i n, clay-out 
CXR problems encou ntered in the neonata l i ntens ive care un it (N ICU) .  
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T H E  L U N G S  

TERM I N FANTS 

Transient Tachypnoea of the Newborn (TTN) 1-5 

TTN occu rs most commonly i n  pre-term infants fol lowing Caesarean section .  
A l  I the same,  TTN can occur  i n  term infants. 

Somet imes referred to as  wet lung, because the fl u id  that fi l l ed the l u ngs 
pr ior to b i rth  has not been cleared completely. Fol l ow ing del ivery the infant  
breathes with some d i fficu l ty and requ i res oxygen .  

The  CXR shows i nd ist i nct pu l monary vessel s  b i latera l l y. There i s  l ack  of 
a sharp marg i n  to the heart, mediast inum and diaphragm ( Fig .  1 5 .2 ) .  The 
l ungs rema in  wel l  inflated. Sometimes there is fl u id  in the hor izonta l f issure; 
occasiona l ly some p leura l  fl u id  el sewhere. 

The i nfant  gradua l ly  improves and the CXR w i l l  be clear at 48 hours 
(F ig .  1 5 .2 ) .  

Meconium Aspiration Syndrome '·2 

Hypoxic stress in utero puts an i nfant at r isk of d ischarging mecon ium into 
the amn iotic fl u id .  When mecon ium is i nha led i t  i rr i tates the resp i ratory tract 
and causes severe resp i ratory distress. 

The CXR w i l l  show coarse ret icu lar  and nodu lar  shadows represent ing 
scattered areas of col l apse or consol idat ion. There may be associated areas 
of focal l ung d i stension ( i .e. emphysema) .  

Figure 1 5.2 Neonate. Slight respiratory distress. CXR (a)  at age one day. tndistincl 
pulmonary vessels. Slightly indistinct margins of the heart and diaphragm. CXR (b) at age 
two days. The lungs are clear. Cardiac and diaphragm margins are sharp. The original CXR 
appearances were due to TTN (wet lung). Note that the umbilical vein catheter (UVC) is 
incorrectly positioned (see p. 2 7 6) .  
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PRE-TERM I N FANTS 

Respiratory distress syndrome I hyaline membrane disease (HMD) 1-5 

HMO is not s imp ly due to su rfactant deficiency. It represents an acute in jury 
of immature l ungs. One aspect of th is immatur i ty is su rfactant deficiency. 

HMO affects ma in ly  very pre-term infants. It can occur i n  term i nfants after 
Caesa rean sect ion and a l so when the mother is d iabet ic .  

Symptoms develop soon after del ivery because the i nfant s imp ly can not 
expand the l ungs adequately. 

Note: HMO and TTN a re not a lways d isti nct and separate enti t ies . They can 
over lap. Al l pre-term i nfants w i l l  have some degree of TTN . 

CXR appearances: 

These w i l l  be affected by the amount of l ung d istension produced by the 
assi sted vent i lat ion.  The fol lowing are some usefu l genera l i sat ions.  

1 .  Early 

The l ungs show a homogeneous, b i l atera l , ground glass appearance 
( Fig. 1 5 .3 ) .  Sometimes l ung consol idat ion ( i .e. a i rspace shadowi ng) a l so 
occurs. 

2. Within a few days 

The l u ngs become conso l idated as a resu l t  of a profuse exudat ion of 
fl u id  i nto the a l veo l i .  They appear opaque. Frequently there a re a i r 
bronchograms (see p.  2 2 7) .  A complete wh ite out of both l u ngs may 
occur. 

3. Complications- early I short term 

Severe HMO requ i res assisted resp i ration either with vent i lat ion or with 
cont i nuous posit ive a i rway pressure (CPAP). Compl icat ions may then 
resu l t, e i ther from l ung pathology or from the treatment wh ich is keeping 
the baby a l ive . . .  or from both the pathologica l process and the tr atment. 

Early compl icat ions i nc lude: pneumothorax, tension pneumothorax, 
pu l monary i ntersti t ia l  emphysema (P I E), and mediasti na l emphysema2•6. 
These compl ications a re usua l l y  short term, but some w i l l  be fata l if not 
recogn ised and treated ( F igs 1 5 .4 and 1 5 .7 ) .  

4. Complications- long term 

Lung changes develop and persist i n some i nfants ( F ig. 1 5 .8) .  The 
appearance i s  referred to as chron ic l ung di sease (CLO) of prematu r i ty . . .  
a synonym for the more trad it iona l term of bronchopu l monary d sp las ia . 
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Figure 1 5.3 Pre-term infant. Respiratory distress. CXR (a) at age one day. Ground glass 
appearance in both lungs. CXR (b) at age three days. Confluent airspace shadowing in 
both lungs. HMO. CXR (a) represents the typical early findings in HMO and CXR (b) 
shows the typical appearances that occur within a day or two. 

Figure 1 5  .4 Pre-term 
infant. Age five days. 
Respiratory distress. HMO 
and a complicating left 
pneumothorax has been 
treated with an intercostal 
drain. The bubbly 
appearance in both lungs 
represents air that has passed 
through ruptured alveolar 
walls and dissected through 
the interstitial tissues. 
This complication represents 
pulmonary interstitial 
emphysema (PIE). 
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Figure 1 5.6 Pre-term infant. HMO. 
An air bronchogram (see p. 227) is 
present in the consolidated left lung. Air 
bronchograms are often seen in lungs 
affected by HMO. There is no particular 
clinical connotation when an air 
bronchogram is present in HMO. 

Figure 1 5.5 Be careful. Neonate. ormal 
CXR. Two features could lead to erroneous 
diagnosis. ( 7) The infant is rotated to the 
left and the rotation distorts the mediastinal 
appearance. (2) A skin crease ace unts 
for the line artefact overlying the right 
lung base. Vessels can be seen outside this 
line-i.e. it is not a pneumothorax. 

Figure 1 5 .7 Pre-term infant. HMO. 
Pneumomediastinum. The air has arisen 
from an alveolar leak, dissected through 
the lung interstitium, and then entered the 
mediastinum. The normal thymus is outlined 
by the mediastinal air-a peculiar but 
characteristic appearance. It is often referred 
to as the angel wing sign. 

Figure 1 5.8 Age five 
months. Previous HMO. 
The ring shadows and the 
coarse interstitial shadows 
are indicative of CLO of 
prematurity. Inciden tally, the 
endotracheal tube (ETTJ is 
too low; it is just above the 
carina. 
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WATCH OUT FOR A PNEUMOTHORAX 

A pneumothorax must be excluded on every s i ngle CXR. It is a common 
problem and i t  may produce a subtle change on the CXR. 

• Easy to detect 

The typ ica l  CXR appearance is as described on p. 96 .  The features to 
look for a re:  

...1 The vis ib le margin of the visceral p leura l  su rface . 

...1 A b lack a rea lateral to the visceral p leura l  su rface . 

...1 No vessels  lateral to the visceral p leura l  surface. 

• Much tougher 

Subtle featu res on the sup ine CXR (F ig.  1 5 .9) may be over looked. These 
are descr ibed on pp. 97-99. The a i r  in the pleural  space may show: 

A hyperl ucent upper quadrant of the abdomen. 

The deep su lcus s ign (see p. 97). 

_, A sharp black marg in  to the superior surface of the dome of the 
d iaphragm (Fig. 1 5 . 1 0) .  

A sharply defined card iac border (Fig. 1 5 . 1 0) .  

• Really dangerous 

Tension pneumothorax. The CXR fi nd ings a re described on pp. 1 00-1 02 . 
Two card ina l  features: 

...1 The dome of the d iaphragm on the affected side is a l most a lways 
depressed or flattened (F ig.  1 5 . 1 1 ). 

The mediasti num and heart are usua l ly-but not a lways - pushed to the 
opposite side (Fig. 1 5 . 1 1 ). 

Potential pitfal l :  With the baby lying supine the i ntrap leura l  a i r  may 
col l ect anteriorly and a tension pneumothorax may compress and 
push the med iast i num i n  a posterior rather than i n  a lateral d i rection .  
Somet imes an  anterior tension pneumothorax wi l l  on ly  be revea led by  
a horizonta l beam ( i . e .  a cross-table) CXR .  F ig .  1 5 .9  i l l ustrates how an  
anterior tension pneumothorax can occur  and  be  overlooked. 
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Figure 1 5 .9 In the NICU the CXR 
is obtained with the infant supine. 
Air in the pleural space will collect 
at the highest point, i.e. anteriorly, as 
shown on this lateral perspective of 
the thorax. 

Figure 1 5.1 1 Right-sided pneumo
thorax. It is under tension- the 
mediastinum is displaced to the left 
and the right dome of the diaphragm 
is low and flat. The right hemithorax 
is markedly hypertransradiant (i.e. 
very black). 

Figure 1 5. 1 0  Supine CXR. HMO. 
Extensive lung shadowing. Complicating 
pneumothorax . . .  features to note: the sharp 
black line outlining the left heart border; 
the extreme clarity of the left dome of the 
diaphragm. Incidentally, the UVC tip is in 
the right a trium and the ETT is very low. 

Figure 1 5 . 1 2 Beware! Skin creases, 
clothing artefacts, or monitoring apparatus 
can mimic a visceral pleural line. In this 
infant a skin fold on the right simulates a 
pneumothorax. 
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SOME RARE CONDITIONS CAUSING NEONATAL DISTRESS 1·2 

Th i s  chapter has  concentrated on the everyday causes of neonatal d i stress. There 
are rare condit ions that must not be overlooked . Four  of these are i l l ustrated 
below. The CXR is i nva l uable in suggest ing the diagnos is .  

Figure 1 5. 13 Severe respiratory 
distress. The ring shadows at the 
right base represent multiple loops 
of bowel. Diaphragmatic hernia '. 

Figure 1 5.1 5 Neonatal distress. 
Abnormal left upper zone- very 
lucent and few vessels identified. 
Congenital lobar emphysema. See 
p. 203 for a brief summary of this 
condition. 

Figure 1 5. 1 4  Be careful. The left lower 
zone lucency is not a pneumothorax, but 
is due to congenital cystic adenomatoid 
malformation of the lung (CCAM) ' .  

Figure 1 5. 1 6 Neonatal distress. Grey skin 
appearance after delivery and intermittent 
grunting. The NC tube (illustrated) would 
not pass beyond the level of the T3 vertebra. 
Oesophageal a tresia and a tracheo
oesophageal fistula. 
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TU B ES A N D  L I NES '·2,7- 1> 

Various tubes and l i nes a re used to mon itor, vent i late, hydrate and feed i nfants 
in the N ICU (Table 1 5 . l ) , 

Table 1 5. 1  The various tubes a n d  l i nes. 

Tube/ line Purpose 

U mbi l ical vein catheter 

Umbi l ical  a rtery catheter 

Central venous catheter 

Endotracheal tube 

Nasal prongs for continuous 
positive a i rway pressure 

aso/orogastric tube 

Jej una!  feeding tube 

UMBI LICAL CATHETERS1J-9, i 1-14 

Basic post-natal anatomy 

Admin istration of flu ids/drugs 

Transfusion 

Rarely- monitoring centra l venous pressu re 

Measurement of blood gases/ blood tests 

Mon itori ng arterial  blood pressu re 

I nfusion of flu ids 

Admi nistration of f lu ids/drugs 

Mechanical venti lation 

Assisted venti lation 

Gastric aspiration 

Enteral feeding 

Enteral feeding 

The s i ng le umb i l ica l  vein passes cepha lad i n  the free margi n of the 
fa lc iform l igament just to the right of the m id  l i ne. The vein then d iv ides 
i nto two branches (F ig .  1 5 . 1 7) ,  One branch jo ins with the porta l vei n; 
the other continues as the ductus venosus (DV), term inati ng in the left (or 
midd le) hepatic vein which joins the i nferior vena cava . The length of the 
DV is approx . 2 cm in ful l-term infants; i t  is  much shorter i n t iny pre-term 
bab ies .  

Each umb i l ica l  artery d ips downwards i nto the pelvis to enter the i nterna l  
i l iac artery (F ig .  1 5 . 1 8) .  



The umbilical vein 
catheter (UVC) 

1 .  Its route is a lways 
cephalad. No dip. 
A s l ight k ink may 
occur where the 
UVC passes from 
the ductus venosus 
i nto the inferior 
vena cava. 

2. I t  is  projected over 
the right side of the 
l umbar spine on 
the AP radiograph. 
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Figure 1 5.1 7 Normal post-natal anatomy: 
7 = superior vena cava; 
2 = righl a trium; 
3 = inferior vena cava; 
4 = duclus venosus; 
5 = branch vein joining the portal vein; 
6 = umbilical vein; 
7 = arch of the aorta; 
8 = aorta; 
9 = coeliac axis; 
70 = superior mesenleric artery; 
7 7 = inferior mesenteric artery; 
7 2 = common iliac arteries; 
7 3 = umbilical arleries. 

The umbilical artery 
catheter (UAC) 

1 .  It dips down into 
the pelvis before it 
turns towards the 
head. 

In the aorta i t  is 
projected s l ight ly 
to the left of the 
mid l i ne on the AP 
radiograph .  

Figure 1 5 . 1 8  Which catheter is which? To make an accurale assessment i l  is essential that 
the pelvis is included on the CXR/AXR. The queslion lo ask: does the catheter take a dip 
inlo lhe pelvis ? Yes = UAC. No = UVC. 
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Umbil ical Vein Catheter (UVC) '-2·8•9• 1 1• 14 

Post-natal patency. The vein may be catheterised up to four days after b i rth .  
Eventua l l y  the vei n  c loses, constricts, and forms the l i gamentum teres 
extending from the umb i l icus to the l iver. The mesentery wh ich su rrou nds 
the umb i l ica l  vei n  becomes the fa lciform l igament. 

Catheter tip: optimum posit ion ( Figs l 5. l 9a and 1 5 .20) . 

.J The requ i rement: the t ip  must be placed in a region of good b lood flow 
and wel l  away from branches that dra in  vital organs . 

.J There is no s ingle correct posit ion . . . a UVC tip posit ion is acceptable so 
long as i t  is not in the l iver nor in the hea1t Someti mes it wi l l be difficu lt 
to know whether the t ip  is j ust i ns ide or j ust outs ide the l iver because 
there are no anatomical  l andmarks that provide absol ute certa i nty, 

An approach to adopt: a tip positioned i n the inferior vena cava 
(approx i mately at the level of T8-T9 vertebrae) or at the porta hepat is 
(the open ing on the visceral surface of the l iver where the major arteries, 
ducts and porta l vei n  enter and leave) i s, in genera l , des i rable. 

Figure 1 5, 1 9  UVC catheter tip. (a) In good position. In the inferior vena cava just below 
the right a trium. A tip positioned at the level of T8-T9 vertebrae is usually satisfactory. 
(b) The tip has entered the portal vein; thrombosis is a recognised complication. 
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Wrong posit ion . . .  potential comp l icat ions 

Tip . . .  in the heart: 

card iac a rrhythmia 

va lvu lar  in jury 

pericard ia [  perforation resu l t ing in effusion / tamponade 

Tip . . .  i n  a pu l monary a rtery: 

pu l monary i nfarct ion 

Tip . . .  i n  the porta l venous system / DV ( Figs 1 5 . 1 9b and ·1 5 .2 1 ) : 

porta l vei n  th rombosis 

hepatic necrosis 

Figure 1 5 .20 UVC lip (arrow) in 
good position in the IVC. 

Figure 1 5 . 2 1  U\IC. Incorrect position. 
The tip (arrow) of the catheter has entered 
a portal vein and lies within the right lobe of 
lhe liver. 
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Umbil ical Artery Catheter (UAC) 1 .2J. 9• 1 1- 13 

Post-nata l patency. The pa i red umb i l ica l arteries constri ct and obl i terate two 
to five days after b i rt h .  The ob l i terated a rteries are covered with peri toneum 
and w i l l  persist as fibrous cords i n  the anterior abdom ina l wa l l outs ide the 
peri toneum -these a re the med ia l  umbi l ica l  l igaments . 

Catheter t ip:  opt imum posit ion.  Two choices (F ig.  1 5 .22 and Table 1 5 .2 ) . 

The requ i rement is that the t ip is s i tuated in a region of rapid b l ood flow 
and wel I away from the origin of vessels supplying the vita l organs. 

A h igh position ensu res that the t ip of the UAC is wel l above the or igin s 
of the coel iac ax i s  (Tl 2 ), the superior mesenteric a rtery (Tl 2-L 1 ), and the 
rena l  a rteries ( L 'l -L2 ) .  

A low posit ion ensures that t he  t ip  of  the  UAC is wel l  below the or ig ins 
of the same vessels and above the aortic bifu rcation ( L4-L5) .  A l l the 
same, the low posit ion means that the t ip can be c lose to the origin of 
the i nferior mesenteric artery (wh ich ari ses at the L3-L4 leve l ) . 

The UAC h igh posit ion ( F igs 1 5 .22a and 1 5 .23 )  is favoured i n most 
N ICUs .  

Figure 1 5.22 UAC catheters in good positions. (a) /-/igh position. Tip in the aorta just 
above the level of the dome of the diaphragm. (b) Low position. Tip in the aorta a t 
approximately the level of L3 I L4 vertebrae. 
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Wrong posit ion . . .  potent ia l  comp l icat ions. 

- Ti p . . .  i n  the a rch of the aorta - head vessel s  a re at r isk of thrombosis 

- Tip . . .  between T l  2 and L2 -the major a rter ia l  branches of the aorta 
a re at risk of thrombos is .  

- Tip . . .  in to the buttock (v ia  the gl uteal a rtery)- ischaemia and muscle 
necros i s .  

Table 1 5.2 U A C  t ip preferred position -two choices. 

Position high (preferred by most units) 

Thoracic 

Above the diaphragm 

Tip positioned between T7 and Tl 0 
vertebral bodies . . .  level with (or j ust 
above) the dome of the d iaphragm 

Figure 1 5.23 UAC in good (high) 
position. The tip (arrow) lies above the 
dome of the diaphragm (at the level of 
the Tl vertebra).  (Retouchec/.) 

Position low 

Lumbar 

Below the diaphragm and above the 
aortic bifurcation 

Tip positioned between L3 and L4 
vertebral bodies 

Figure 1 5.24 The tip (arrow) of the UAC 
is too low- it lies at the level of L2 vertebra, 
close to the origins of the renal arteries. 
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CENTRAL VENOUS CATHETER-A LONG L INE 

I f  i ntroduced v ia a subclavian, i nternal j ugu la r o r  antecub ital approach 
the t ip  should l i e  i n  the superior vena cava j ust above the right atri um 
( F ig. 1 5 .25 ) .  

I f  a femora l approach is used-the t ip shou ld  l i e  just below the right atri um 
outside the hea1·t (gu ide l i ne: at the level of T8-T9 vertebrae) . 

If the posit ion of the t ip  is uncerta i n  then it can be checked by i ntroducing  
contrast med ium i nto the  catheter, o r  by u ltrasound exa m i nation . Many un its 
carry out this check as a rout ine pract ice. 

Figure 1 5.26 Left ante-cubital 
long line. Unsatisfactory position. 
The tip (arrow) lies within the right 
a trium. Dysrhythmia is a recognised 
complication. (Retouched.) 

Figure 1 5.25 Central line. 
Good position with the tip in 
the superior vena cava well 
beyond the last valve in the 
subclavian vein. The position 
of the last valve in each 
internal jugular vein is also 
shown. The dotted vessel is 
the azygos vein draining into 
the superior vena cava. 

Figure 1 5.27 Neonate. One day old. The 
lungs are clear, but the right ante-cubital 
long line has entered the internal jugular 
vein and its tip is directed towards the 
cranium. (Retouched. ) 
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ENDOTRACHEAL TUBE (ETT) 12 

Opt imum posit ion of the t ip is in the mid trachea . . .  i . e .  above the car ina a nd 
below the voca l cords (F ig .  1 5 .28) .  

Ma lposit ion : 

Too low. The ETT may enter the right ma in  bronchus ( F igs 1 5 .29 and 
1 5 .30) .  

Too h igh .  Rotation of the head from the neutra l position can cause the 
ETT to move 1 .0 cm upwards . . .  and the ETT may pu l l  out. 

ETT rules of thumb: 

If the c lav ic les a re vis ib le then the t ip of the ETT shou ld l i e  just below the 
med i a l  ends of the c lavic les .  

I n  some very sma l l  pre-term i nfants i t  can be d i fficu l t  to identify the ends 
of the clavic les, but you can a lways see the cari na .  Make sure that the t ip  
of  the ETT is wel l  above the car ina .  

Figure 1 5.28 E T T  Satisfaclory 
position. Incidentally, note thal lhe 
UVC tip is in the right a trium. 

Figure 1 5.29 HMO. The ETT has entered 
lhe right main bronchus. Lung collapse has 
not yel occurred. The ETT was pulled back 
to achieve a satisfactory position. 
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Figure 1 5.30 ETT in the right main 
bronchus. This has caused complete 
consolidation of the non-ventilated 
left lung. (Retouched.) 

FEEDI N G  TUBES 

Nasogastric (NG) tube 10• 12 

Figure 1 5.31 ETT in the oesophagus. 
Note: (a) the tip (arrow) of the ETT is 
midline but well below the carina; (b} 
the distended and oxygen filled stomach. 
(Retouched. ) 

Opt imum posit ion for the t ip is with in  the stomach . 

Wrong posit ions for the t ip ( Fig. 1 5 .32) :  

I n  the oesophagus. Common occurrence. Usua l ly due to s imple error 
in position i ng. If re-posit ioning, in the neonate, fa i l s  to p lace the G 
t ip i n  the stomach then the possibi l i ty of oesophagea l atres ia must be 
considered. 

In to a bronchus.  

E l sewhere, outside the gastro- intesti na l  tract. Very rare occurrence. 
If it occurs then perforation of the pharynx, hypopharynx or cervi ca l 
oesophagus must be considered. Any abnormal ( i .e .  non-anatomi ca l ) 
course of the NG tube i n  the thorax should a lways rai se th is poss i bi l ity. 

Jejunal feeding tube 

Opt imum position of the tip is in the fourth part of the duodenum 
( i .e . t he  tube ha s  crossed the m id l ine on  the abdomina l  rad iograph . . .  from right 
to left). 
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Table 1 5.4 Checking the NG tube-three questions and three rules. 

Question 1 :  I s  the tip in  the stomach? 

If  not . .  

Question 2 :  I s  i t  curled u p  in  the oesophagus? 

If  not. . .  

Question 3 :  Has i t  passed into the larynx and entered the trachea o r  a bronchus? 

Rule 1 :  If the t ip cannot be positioned in  the stomach -oesophageal atresia 
needs to be excluded. 

Rule 2 :  If  the tube passes below the diaphragm but the tip is seen t o  be 
projected over the thorax ( i .e. not over the abdomen) and away from the 
oesophagus-a diaphragmatic hernia needs to be excluded. 

Rule 3 :  Th i n k  perforation. Although perforation i s  very much rarer than 
incorrect pos ition ing in  the bronchus, its c l i n ica l  importance means that 
perforation must be considered whenever there is any deviation of the 
NG tube from the normal anatomical course through the oesophagus. 

Figure 1 5 .32 NG tubes. (a} Normal position. (b) Tip in the oesophagus. (c} Tip in the 
oesophagus. Incidentally, note that the long line in (c}, introduced via the femoral vein, 
has passed across an a trial septa/ defect into the left atrium. 
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OTH ER EQU I PMENT / MON ITORING DEVICES 

Assorted monitor ing devices may produce shadows on the CXR ( F ig. 1 5 . 3 3 ) . 
These i nclude: 

apnoea mon i tors 

pH mon i tor 

ECG leads 

transcutaneous blood gas sensors 

temperatu re probe 

Answer to Fig. 1 5. 1  on p. 206: 

The abnormal findi ngs are . . .  

Figure 1 5.33 Various 
external monitoring devices 
will produce shadows on 
the CXR. Their precise 
appearance will vary 
between different countries 
and between different units. 
Several of these devices 
were placed on a piece of 
steak - to simulate the chest 
wall soft tissues - and a 
radiograph obtained. 
7 = cardiac monitor; 
2 = cardiac monitor; 
3 = transcutaneous monitor 
( TCMJ for blood gases; 
4 = temperature probe; 
5 = cardiac monitor; 
6 = apnoea monitor. 

1 .  Tip of the ETT unsatisfactory. At the origi n of the right main bronchus. 

2. Tip of NG tube unsatisfactory. I n  the lower oesophagus. 

3. Tip of U VC unsatisfactory. In the right atrium. 

4 .  Tip of the UAC unsatisfactory. Too h igh (at the level of T4 vertebra ) . 

N B :  some of the tubes and l ines were retouched to make their pos it ions clea rer. 
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TOO L B OX 

Some CXR appearances w i l l  be puzz l i ng. Is the h i  I um en larged or is it wi th i n  
the norma l range? Where i s  that thorac ic density? Is  that shadow norma l or 
abnorma l ?  

Radiologi sts have a box of tricks- a too lbox-that helps them to sort out most 
of the puzzles .  The box conta ins  a mixed bag of ru les, facts and figu res . Here are 
some of the basic tool s, a few power tool s, and our assessment of 2 00 norma l 
CXRs in patients aged 50 and older. 

T H E  BASIC TOOLS 

TOOL 1 -A PREVIOUS CXR 

Previous CXRs are the radio logi st's-and your-best friend .  You see a rea l  
o r  poss ib le abnormal ity on the CXR. Was it there before? Has i t got l arg r or 
smal ler? I s  i t  unchanged? A previous CXR wi l l  often h igh l ight an important but 
subtle change. On the other hand it wi l l  frequent ly provide reassu rance that a l l  
i s  wel l .  

TOOL 2 -THE SILHOUETTE SIGN 1•2•3 

An i ntrathorac ic  l es ion touching a borde1· of the heart, aorta, or d iaphragm w i l l  
obl i terate part o f  that border on the radiograph . A n  i ntra thoracic  les ion which i s  
not anatomica l ly  contiguous with a border w i l l  not obl iterate that border. 

See pp. 45-50.  
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TOOL 3 -AIR BRONCHOGRAM SIGN3,4 

When the i nterna l  tubu lar  outl ine of a bronchus is v i s ib le with i n  a thoracic  
opacity , , , that i s  an  a i r  bronchogram.  

• It is most commonly assoc iated with a s imp le pneumon ia .  Sometimes i t  
occurs w i th  pu l monary oedema, 

• I t  is usua l ly very good news for the patient. An a i r  bronchogram excludes 
a bronch ia l  obstruction - i .e .  the under ly ing pathologica l  process i s  h igh ly 
l i ke ly to be benign . 

..J L i ke most th ings in l i fe it is not 1 00% foolproof. Just occas iona l l y
very occasiona l l y-an a i r  bronchogram w i l l  occur i n  an  a rea affected 
by tumour. Th i s  very rare occurrence is most often associated w ith a 
bronch ioloa lveo lar  ce l l  carc inoma or w ith lymphoma, 

Figure 1 6.1  The area of 
consolidation in the left 
lung does not show an air 
bronchogram because the 
bronchi are full of pus and 
debris. In the right lung some 
of the bronchi surrounded by 
lung consolidation happen 
to contain more air than 
debris; consequently an "air 

,___,__ ____________ --'--...J bronchogram " results. 

TOOL 4 - H I LA ASSESSMENT: RULE 1 

The left h i  I um shou ld  be h igher than the right. Occasiona l l y  the h i l a are at the 
same leve l .  . .  but the right hi I um shou ld never be h igher than the l eft (see p. 240) ,  

Th i s  toolbox ru le i s  often overlooked by i nexperienced observers. I f  the ru le is 
broken then look ca refu l l y  for evidence of lobar co l l apse. 

TOOL 5 - H I LA ASSESSMENT: RULE 2 

Most (un i latera l )  en larged h i l a are both lumpy/ bumpy and denser than the 
opposite norma l s ide. Some norma l h i la w i l l  appear prom i nent- but are 
actua l l y  wi th in  the norma l  range. The three questions to ask yourself when a 
h i  I um  appears equ ivoca l  a re l i sted on p. 76 ,  
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TOOL 6 -THE CARDIAC DENSITY RU LE, FRONTAL CXR 

The density (opac i ty) of the cardiac shadow shou ld be equa l  on both s i des of the 
spine.  I f  there i s  any d ifference i n  density then look for evidence of pneumon ia, 
or lower lobe col l apse, or a lower lobe mass on the denser s ide . 

Figure 1 6.2 (a) Normal CXR. Even density of the cardiac shadow on both sides of the 
spine. (b) Abnormal CXR. Increased density overlies the cardiac shadow on the I ft. 

TOOL 7 -TH E  CARDIAC DENSITY RU LE, LATERAL CXR 

There should be no abrupt change i n  density across the cardiac shadow. Any 
abrupt change in density i nvariab ly i ndicates an abnorma l i ty i n the overly i ng 
l ung, on either the left or the right s ide. 

(a) (b) 

Figure 1 6.3 (a) Normal lateral CXR. No abrupt change in density across the cardiac 
shadow. (b) Abnormal CXR. Focal area of density change. 
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TOOL 8 - PERI PH ERAL OPACITIES 

A peripheral opac ity may be obvious, but i s  it rea l l y  i ntrapu lmonary? Cou ld  i t  be 
p leura l ,  or a l ternatively, extrap leura l ?  

Two ru les to  apply :  

1 .  An i ntrapu l monary opacity abutting the p leura foms an acute angle at the 
i nterface. A p leura l  or extrap leura l  l es ion forms an obtuse angle. 

2. Many extrap leura l  l es ions a rise from a r ib -e.g. tumour, i n fect ion, fracture. 
Always assess the ribs adjacent to, or over ly ing, any opacity. 

(a) 

Figure 1 6.4 {a) Intrapulmonary lesion. 
Acute angle between the opacity and the 
adjacent pleural surface. (b) The lesion is not 
intrapulmonary. fl may arise from the pleura 
or originate outside the pleura. Obtuse angle 
between the lesion and the adjacenl pleural 
surface. (c) The rib destruction indicates that 
the extrapleural lesion arises from bone. 
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TOOL 9 - RU LES FOR LUNG APICES 

Th icken i ng of the ap ica l  p leu ra -sometimes referred to as an ap ica l cap 
occurs i n  1 0% o f  m iddle-aged a n d  elderly people (p. 2 3 8) . U nfortunatelv, a flat 
superior su lcus carc inoma (e.g. a Pancoast tumour) can m im ic an apica l cap. 
The rules to apply a re described in F ig. 1 6 .5 . 

Fig. 1 6.5 An apical pleural cap is present 
on the right Apply these rules. ( 7 ) A benign 
apical pleural cap usually has a depth of 
less than 5 mm 5. (2) If bilateral apical caps 
are present and one is deeper by 5 mm 
or more, then you need to rule out the 
possibility that the deeper one represents a 
superior sulcus tumour. (3) Always check 
that the ribs adjacent to a pleural cap are 
intact. (Superior sulcus:  the groove in the 
lung created by the subclavian vessels. 
Pancoast tumour: the original description by 
the American radiologist Henry Pancoast, 
7875- 7 939, included specific physical 

'--'----------------' findings. The term is now used somewhat 
more loosely.) 

TOOL 1 0 -THE DESCEN DING PU LMONARY ARTERI ES 

Always look for and identify the lower lobe pu l monary arteri es . . .  each wi l l  have 
a d iameter s i m i lar  to your  l ittl e  finger. I f  either is m i ss i ng you must look for any 
other CXR features that suggest col  l apse of a lower lobe (see pp. 5 8-61 ) . The 
right lower lobe pul monary artery is ident ified j ust lateral to the cardiac border 
on approx imately 94% of normal CXRs (p. 239) .  The left descendi ng pu l monary 
a rtery w i l l  sometimes be more difficu l t  to identi fy- it  is vi s ib le i n  62% of 
normal peop le (p.  239) .  

Figure 1 6.6 Each main 
lower lobe pulmonary artery 
can be likened to a little 
finger pointing downwards. 
Sometimes-particularly on 
the left side- this arterial 
shadow comprises only the 
proximal phalanx of the 
finger. 
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TOOL 1 1 -A H ELPFUL  TRICK: THE DECU BITUS CXR 

Problem 1 :  A CXR may show extensive lower zone shadowi ng. The question 
ar ises: i s  this ma in ly  p leura l  fl u id  or ma in ly  l ung consol idat ion? 

Problem 2:  Somet imes a dome of the diaphragm appears high, and the 
configu ration raises the poss ib i l ity of a subpu lmonary p leura l  
effus ion (p .  82) .  

The radiologist can sort out these problems by obta in ing  a latera l decubitus 
view. The pat ient l ies with the abnormal s ide dependent and a cross-tab le CXR 
is obta i ned. F l u id that is  free i n  the p leura l  space w i l l  l ayer out a long the latera l 
chest wa l l .  

>-
Figure 1 6.7 Patient position for a (right) lateral 
decubitus CXR. 

TOOL 1 2 -TWO TRICKS FOR RIBS 

1 .  I f  a r ib abnormal ity i s  suspected on c l i n ica l  grou nds (e.g.  trauma) then before 
dec id ing that the r ibs are norma l :  

J Rotate the i mage through 90° and assess the r ibs i n  th i s  second posit ion.  

J Then turn the origi na l  image through 1 80° ( i .e .  look at i t  ups ide down) 
and eva luate the ribs in th is  th i rd pos i t ion .  

Surpr is ing ly, these moves can be helpfu l .  Other d istracti ng anatomy i s  
d iscounted and the  r ib outl ines stand ou t  (p .  3 1 2 ) .  

2 .  I f  uncerta i n  whether a thoracic density is i n  l ung or i n  r ib (e.g. an  
un important bone is land), then : 

Obta i n  an AP CXR. If the lesion remains  in the same posi t ion i n  relation 
to the r ib as on the PA CXR-this  confi rms that it i s  a r ib les ion.  

J Alternatively, the density can be exam ined us ing f luoroscopy. I f  the 
les ion i s  i n  a r ib then its posit ion rema ins  unchanged as the pat ient i s  
tu rned s l ightly and breathes in and  out. 
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TH E POWER TOO LS 

POWER TOOL 1 - RIGHT PARATRACHEAL STRIPE APPEARANCE3 

The wa l l  of the right s ide of the trachea can be visual ised i n approx i mately 60% 
of adult patients3 (a l so see p. 242). The air with i n  the trachea outl i nes i ts i ns ide 
marg i n  and the l ung  a i r  out l i nes its outside margi n .  In 40% of norma l adu lts the 
l ung does not abut the outs ide wa l l  and so th i s  stripe (or l i ne) wi l l  not be seen .  
When the  str ipe i s  v i s ib le  i t  shou ld measure no more than  2 .5 mm i n  w idth (see 
p .  242) .  I f  the stripe is wider than 2.5 mm then suspect that there i s  adjacent 
lymph node en largement. 

Figure 1 6.8 (a) Normal right paratracheal stripe. (b) Thickened right paratracheal 
stripe -it exceeds the normal width of 2.5 mm. Lymphadenopathy should be suspected. 
Occasionally, widening of the stripe is due to haemorrhage. (c) Caution :  superimposition 
of (age related) unfolded vessels arising from the arch of the aorta must not be mistaken 
for the paratracheal stripe. 

POWER TOOL 2 - PARAVERTEBRAL STRIPE DISPLACEMENT6 

A left-sided vertical shadow is v isua l ised on most norma l fronta l  CXRs. Thi s  
shadow i s  projected between the lateral marg in of the descend i ng thoracic 
aorta and the l atera l margin of the thoracic vertebrae. It extends from the l evel 
of the a rch of the aorta to the diaphragm. Th is  is the left paravertebra l stri pe. 
It represents a deflection of the p leura posteriorly by the adjacent descendi ng 
thoracic aorta (see Figs 8 .7-8.9 on p. 1 1 3 ) . A right paravertebra l  str i pe i s not 
v i sua l i sed u nt i l  m idd le age, when age related marg ina l  osteophytes can cause 
p leu ra l  d isp l acement. Two ru les :  

Any foca l  bu lge of the left paravertebra l stripe . . .  vertebra l pathology 
requ i res exc l us ion.  

A v isua l i sed r ight paravertebra l stripe i s  a lways abnorma l . . . un less age 
related osteophyte formation is present. 

N B :  the most common pathological processes causing a bump or bu lge of a 
paravertebral stri pe a re: haematoma fo l lowi ng trauma, tumour, or i nfection 
ar is ing i n  the vertebra l col umn .  
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POWER TOOL 3 -THE H I LUM CONVERGENCE S IGN3·6 

Someti mes referred to as the "h i l us b ifurcation s ign" .  It a l l ows an en larged hi I um 
cl ue to en la rged pu lmonary arteries to be d i st ingu ished from en la rgement clue to 
tumour. The sign i s  appl ied as fol l ows: 

I f  vessel s  a ri se from or converge directly onto the h i l a r  shadow-then the 
en largement is vascu la r. 

If the vessel s  appear to ari se or converge medial to the latera l aspect of the 
h i la r  shadow-then the en la rgement i s  a mass. 

Figure 1 6.9 Enlarged hi/a. 

I Apply these rules. (a) If the 
vessels converge medial 
to the hilar shadow, then 
enlargement is due lo a 
mass. (b) If the vessels 
converge and merge directly 
on to the hilar shadow, 
then enlargement is due to 
enlarged (or prominent) 
vessels. The vessel walls are 
outlined in reel. 

POWER TOOL 4 -THE H I LUM OVERLAY S IGN3.7 

Th i s  s ign is often m isunderstood and m isrepresented. The orig ina l  descr ipt ion 
carefu l l y  d isti ngu ished between cardiac en largement and an anterior 
mecl iasti na l  mass, as fol l ows: 

H i l u m  lateral to the l ateral border of the "mass" -cardiac en largement. 

Hi I um medial to the lateral border of the "mass" - mecl i asti na l  mass p resent. 

Figure 1 6. 1 0  Medias Una/ enlargement. Apply these rules. (a) If the vessels at the hi/um 
lie lateral to the enlargement- this indicates that the abnormality is due solely to cardiac 
enlargement. (b) If the vessels at the hi/um lie medial to the lateral margin of the enlarged 
mediaslinum then a true mediastinal mass is present. 
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POWER TOOL 5 -THE THO RACO-ABDOMI NAL SIGN3 

Th i s  s ign a l lows a lower mediasti na l  mass to be positioned accurate ly by 
ana lys i ng the frontal CXR. As fo l lows: 

A sharply marg inated mediast ina l  mass projected over the d iaphragm on 
a CXR (or on an AXR) wi l l  l ie who l ly  or partly in the thorax . . .  because i t  i s  
out l i ned by  the  a i r  i n  the  l u ng. 

Convergence of the lower latera l marg in of the mass towards the spine 
i nd icates that the i nferior aspect of the les ion is nearby. Consequent! , the 
les ion is most l i ke ly to be ent i rely i ntrathoracic (F ig  1 6 . 1 1 ) .  

If the l ower l ateral margi n o f  the lesion does not converge, and  parti cu l ar ly  i f  
it d iverges ( F ig .  1 6 . 1 2) ,  then a sign i ficant amount of  the  l es ion l ies with i n  the 
abdomen (e.g. a parasp ina l  abscess). 

Figure 1 6.1 1 The inferior margin of 
the mediastinal mass is converging 
towards the spine. This signifies 
that the mass is almost entirely 
intrathoracic. (Paraspinal abscess.) 

Figure 1 6.1 2 The inferior margin of the 
mediastinal mass diverges away from the 
midline. This signifies that a large component 
of the mass lies within the abdomen. 
(Paraspinal abscess. )  

POWER TOOL 6 -THE CERVICO-THORACIC SIGN3J 

This helps to decide whether a mass in the upper part of the medi ast i num is 
s ituated anteriorly or poster ior ly. The s ign is based on a knowledge of normal 
anatomy and the appl i cation of the s i l houette s ign. Remember, the anterior 
aspect of a l ung does not extend above the level of the c lavic les . The s ign 
appl ies to the frontal CXR as fol lows: 
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If the l atera l outl ine of the mass is v isua l i sed above the c l av ic le  then the 
mass i s  situated poster ior ly (Fig. 1 6 . 1 3a ) .  

I f  the l atera l out l i ne of  the mass fades away as i t  reaches the lower border of 
the c l av ic le  then the mass is s ituated anteriorl y (F ig .  1 6 . 1 3 b) .  

(a) 
Figure 1 6. 1 3  The cervica-l thoracic sign indicates 
that the mass in (a) lies 
posteriorly, and that the mass 
in (b) lies anteriorly . . .  but 

I may well extend into or 
originate from the soft 
tissues of the neck. 

POWER TOOL 7 -TH E SU BCARI NAL ANGLE APPEARANCE 

The car ina i s  the s i te of the d ivision of the trachea into the r ight and left ma in  
b ronchi .  The norma l  angle subtended a t  the carina6 varies from 50° to  1 00°. 
I f  the ang le is greater than 1 00° then the two ma in  bronchi  a re being pushed 
apart (Fig. 1 6 . 1 4b). Th i s  push ing can be clue to subcar ina l  tumour/ lymph node 
en la rgement or to an en la rged left atr ium (e.g. m itral va lve stenosis) .  

Figure 1 6. 1 4  (a) Normal carina. (b) The carina is splayed (its angle exceeds 7 00°). 

In this example a subcarinal mass /lymphadenopathy is present. Reminder: an enlarged 
left a trium in mitral valve disease will sometimes splay the carina. 
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200 NORMAL CXRS: PATIENTS AG ED 50 A N D  OVER 

A tricky quest ion:  norma l people vary . . .  so  what i s  norma l ?  

There a re some variations from the normal wh ich occur  so infrequent ly (or 
not at a l  I) that fi nd ing a difference from the norma l must be regarded as an 
abnorma I fi nd ing. 

U nfortunately, hard facts on the frequency of norma l featu res are th in on the 
ground-apa rt from some data provided by Dr Ben Fel son3. He pa i nstakingly 
recorded stati st ica l i nformation from a large number of norma l CXRs obta i ned 
on young men and women dur ing World War I I .  H i s  f indings are used by 
rad io logi sts as the benchmark in answer to the question -what is norma l ? 
U nfortunate ly, u n l i ke Fel son's fit young m i l i tary recru its, most patients referred 
for a CXR are middle-aged or elderly. 

We ana lysed an older  group of patients, reviewing 200 digital or d ig i t ised PA 
CXRs of men and women aged 50 and over. Th i s  is how we tried to make sure 
that the CXRs were rea l l y  norma l :  

A l l  patients had  been referred by  pr imary care physic ians for chest 
radiography dur i ng 2005.  In each case the radiologist's report was norma l .  
N o  fu rther radiology had been obta ined i n the subsequent 1 2 months, or 
a l ternatively any subsequent exam ination (whether a CXR or  thoracic CT) 
was a l so norma l .  

Two of u s  (GdeL, LB )  reviewed each of the CXRs together (45% of cases); a l l  
th ree of u s  (GdeL, LB, SM) reviewed 55% of the cases together. At rev iew 
we exc l uded any CXR with a cardio-thoracic ratio at or above 50%, and 
a l so any rad iograph that did not appear to  have been obta i ned du ri ng 
an adequate i nsp i rat ion. The l atter exc l us ion was based on a subject ive 
impress ion .  

THE PATIENTS 

The 200 patients were l iv ing and working in or around the th riv i ng and genera l l y  
prosperous un iversity town o f  Cambridge, i n  the south east o f  England . 
Gender: 47% were ma le, 53% were female .  Age range: 50-91 years . Mean 
age ( i .e. the average) = 64 years. Median age ( i .e. the midd le of the group) = 62 
years. The mode (the age that occurred most often) = 61 years. 

THE RESULTS 

The fol lowi ng resu l ts a re expressed ma in ly as percentages. On occasion we 
have provided numbers on ly. 
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1 .  DIAPH RAGM POSITION -ASSESSING I NSPI RATORY EFFORT 

Background: A techn ica l ly  adequate i nspi ration i s  important (p .  6) .  This 
assessment was carr ied out by re l at ing the position of the d iaphragm to the 
overly ing anter ior r ibs .  We wanted to determine whether an  assessment as to an 
adequate insp i rat ion i s  l i ke ly to be more accurate by l ooking at the pos it ion of 
the left or the right dome of the diaphragm. 

Method / Results: Any CXR considered by us to be obta ined during an 
i nadequate i nspiration had a l ready been excluded from the study. Th i s  was 
based -as in everyday c l i n ica l  practice- on an overa l l  subjective impress ion. 
The leve l s  of the domes of the diaphragm were recorded i n  re lat ion to the 
nearest c losely over ly ing costochondra l  j unction (CCJ). I f  a CCJ was wel l  below 
the dome, then the immed iately superior CCJ was recorded. I n  two patients 
the costochondral j u nctions cou l d  not be assessed with precis ion -one 
because of developmenta l r ib anoma l ies and the other because of extensive r ib 
demi nera l isation . Thus, a tota l of 1 98 patients, a l l  of whom -to us- showed an 
adequate i nsp i ration, were assessed. 

Table 1 6.1 1 98 patients. A good inspiration and the domes of the d iaphragm 

Height 4th CCJ 5th CCJ 6th CCJ 7th CCJ 8th CCJ 

Right dome 

Left dome 

0.5% 

0% 

1 0% 

3% 

67% 2 1 %  1 .5% 

50.5% 43% 3 .5% 

Comment: Our advice . . .  eva l uate for a good i nsp i ration on a PA CXR by 
assess i ng the height of the l eft dome rather than the r ight dome. In the vast 
majority of patients a good i nsp i ration has occu rred when the left dome i s  at 
the l evel of the left 6'" or 7'" CCJ. 

2.  A WELL-DEFINED LEFT DOME OF THE DIAPH RAGM 

Background: Loss of a c lear s i l houette of the left dome of the d iaphragm i s  
important i n  re lat ion to detecting left lower lobe pathology (pp .  46-47). 

Method / Results: We assessed how often the left dome was v isua l i sed from 
the costoph ren ic angle to the l ateral margin of the vertebra l col umn .  The dome 
appeared sharp in 93% of cases. I t  was b lu rred ( i .e. i l l -defi ned) i n  7%. When it 
was i l l -defined then the loss of defin it ion i nva r iably affected only the medial 
3-4 cm of the dome. 

Comment: Left lower l obe consol idation or col lapse frequent ly ob l i terates a l l  
o r  part o f  the out l i ne  o f  the l eft dome. The ru les t o  apply :  i f  you cannot see the 
whole of the left dome then you must check whether there is any added density 
above the d iaphragm. I ncreased density often accompan ies consol idation or  
tumour i n  a l ower lobe. 
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3. APICAL PLEURAL CAP 

Background: Th ickening of the pleura over the l ung apex is com mon ly referred 
to as an ap ica l  p leura l  cap (pp. 89 and 230) . The shadow can be m i m icked by 
ma l ignant d isease (e.g. a Pancoast tumour) . 

Results: 

Table 1 6.2 2 00 patients. Apical pleural cap. 

Not present 

Present on both sides 

Present on right side only 

Present on left side only 

% 

90 

2 . 5  

6 . 5  

Comment: An apica l  p leura l  cap occurred i n  1 0% of pat ients. When a cap i s  
seen i t  i s  important to  check for any  features that m ight suggest that i t cou ld be a 
tumour. These featu res are described on p. 1 42 .  

4. BLU RRED RIGHT HEART BORDER 

Background: B lu rr ing of the right heart border can be an important CXR fi nd ing 
as i t  may ind icate m idd le lobe d isease (p. 46). 

Results: B l u rr ing was present i n  35  ( 1 7 . 5%) of the 200 patients . 

Table 1 6.3 Cause of b lurred right heart border (3 5  cases). 

Heart not extending lateral to the vertebral margin 

Impression: depressed sternum 

Impression: adjacent cardiophrenic fat extending superiorly 

U nexpla ined 

No. 

5 

8 

2 1  

Comment 1 :  A b l urred, or i l l-defined, right heart border was a re l at ively 
common appearance on norma l CXRs in these patients. Severa l poss ib le causes: 
a normal heart not extending to the right of the vertebral column; a depressed 
sternum; or fat extend i ng upwards from the cardiophren ic angle. B l u rri ng 
must not be regarded as pathognomic of midd le lobe d isease. Any fu rther 
i nvest igation must be ta i lored to the c l i n ica l presentation and c l i n ica l  fi nd i ngs . 

Comment 2: Our 1 7 .5% figure is much h igher than i n  Fel son's series1. Most - or 
a l l - of Felson's cases were aged less than 25  years. The mean age i n our cases 
was 64 years. Cou ld  some of our cases have had true midd le lobe d isease? That 
is poss ib le, but we did not have any evidence to suggest that th is was l i kely. 
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5 .  CARDIAC FAT PAD SHADOWS 

Background: Col lections of fat accumu late around the heart, part icu l a rl y  at 
the card iophren ic angles .  They can cause potenti a l l y  m i s lead ing l ow density 
shadows, sometimes m i m ick ing a mass les ion.  A lso, if not recogn i sed, fat l eads 
to inaccurate measurement of the transverse card iac d iameter. 

Results: Fat was evident in 1 03 (5 1 .5%) of cases . Of these 1 03 patients, fat cast 
a shadow on ly  at the left card iophrenic angle in 55%, at the right cardiophren ic 
angle i n  6%, and at both angles i n  39%. 

Comment: A v is ib le  epicard ia l  fat pad was very common i n  th i s  group of 
patients. The most frequent pattern was fat on the left s ide on ly and produci ng  
a re lat ively sma l l  shadow. The next most common pattern was fat at both 
cardiophren ic angles and producing re latively sma l l  shadows. Occasiona l l y  a 
fat pad was except iona l l y  la rge. 

6. VISI BLE PU LMONARY VENOUS CONFLUENCE 

Background: Th i s  i s  a convex opacity projected over the r ight s ide of the heart. 
Felson3 attributed the appearance to a convergence of norma l  pu lmonary 
veins  dra i n i ng i nto the left atr ium.  Others consider the shadow to be part of 
the norma l  l eft atr i um .  Th i s  shadow can be confused with a l ung mass or a 
paravertebral soft t issue swel l i ng (p. 1 5 1 ) .  

Results: The appearance occurred i n  1 0% of our 200 cases. I t  was a lways on the 
r ight  of  the m i d l i ne- never on the left s ide. 

Comment: Be ing aware of th i s  normal  shadow w i l l  enable its s ign i ficance to be 
properly attr ibuted. See the example on p. 1 5 1 .  

7. MAIN LOWER LOBE PU LMONARY ARTERIES 

Background: The lower lobe pu l monary artery, on a PA CXR, can be l i kened 
to a l i tt le finger or  to a finger's proxima l  pha lanx (p. 71 ) . The " l i tt le fi nger" 
appearance of the pu l monary artery is not seen when a lower l obe i s  col lapsed. 
We eva l uated how often the " l i tt le finger" appearance was seen .  

Results: The " l i tt le fi nger" appearance was identifi ed on both s ides i n  5 8.5% of 
pat ients, on the r ight s ide only in 35%, on the left s ide on ly i n  3%, and was not 
identified on e i ther s ide in 3 .5%. Examples are shown on pp.  7 1 -73 . 

Comment: If the r ight lower lobe pu l monary a rtery is not v i s ib le  then pathology 
must be excluded (e.g. l ower lobe col l apse) . However, the left lower lobe 
pu l monary a rtery i s  less frequently v i s ib le. I f  it i s  not ident ified, then check the 
posi t ion of the hi Jar vee (see below) before assum ing  abnorma l i ty. 
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8. H I LAR HORIZONTAL VHS 

Background: The horizontal vee is defined (p. 73) as fol lows: identify the lower 
lobe pu lmonary a rtery and look for the s ite/point where the most superior 
vertical or oblique vessel (no matter if it i s  a vei n or an artery) crosses c lose 
to the l ower lobe pu lmonary artery's latera l margin .  The point of crossi ng forms 
a horizonta l  V shape. 

The vee he lps us to identify the h i  la preci sely and with confidence. Th i s  is  
important when assess ing whether there i s  any evidence of lower l obe co l l apse 
(pp. 56-6 1 ) . 

Results: 

Table 1 6.4 The horizontal vees. 200 patients. 

The vee identified No. 

On both sides 1 76 

Right side only 1 8  

Left side on ly 2 

Neither identified 4 

Comment: An absent vee on either s ide shou ld  ra ise a very strong 
susp ic ion- but not certa i nty-of l ower lobe col lapse. 

9. LEVELS OF THE H I LAR VHS WHEN BOTH ARE SEEN 

% 

88 

9 

2 

Background: The posit ion of the h i l um  is important for detecti ng lobar col lapse 
because the h i l um  may move from its norma l pos it ion when a lobe col lapses. 
We assessed the positions of the h i la r  vees relative to each other. 

Results: The l eft vee was h igher than the right i n  95% of cases.  The vees were at 
the same level in 5%. The right vee was never h igher than the left. 

Comment: A card ina l  ru le . . .  if the right vee is h igher than the left then there i s  
either volume loss i n  the left lower lobe or, a l ternatively, vol ume loss i n  the r ight 
upper lobe. 

1 0. PROM I N ENT U N FOLDED OR TORTUOUS VESSELS 

Background: Sometimes age related vessel unfol ding (aorta or neck vessel s), 
above and to the right or l eft of the aort ic arch, can cause the i nexperienced 
observer to be concerned that an apica l  mass is present. 

Results: Prom inent unfo ld i ng occurred in 5% of patients. 

Comment: Potenti a l ly m is lead ing vessel unfo ld ing i s  a re lat ively uncommon 
occurrence on PA CXRs even in th is  age group. It is more l i ke ly to occur on AP 
CXRs where magn i fication and tube angu lation distortions may occu r. 
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1 1 .  HORIZONTAL FISSURE 

Background: The absence of a v is ib le horizontal fissure may lead to a concern 
as to norma l i ty. We assessed how frequently the hor izonta l f issure was v is ib le .  

Method I Results: The fissure was v i sua l i sed i n  1 34 of the 200 cases. On 
these 1 34 CXRs i t  appeared as a s ing le l i ne i n  84% and as  two l i nes i n  1 6%.  
Frequently the second l i ne was short-rarely longer than  2 cm .  The reason why 
two l i nes are sometimes seen i s  expla i ned on p. 55 .  

Comment: The horizontal f issure was not v is ib le on  33% of  normal  CXRs. Its 
absence is not, on its own, of c l i n ica l  s ignificance. 

1 2. AZYGOS VEI N SHADOW 

Background: The azygos vein enters the superior vena cava to the right of the 
trachea l b ifu rcation (p. 1 76). Very smal I lymph nodes (not v i s ib le  on the CXR) 
a re a lso present at this s i te. Un less the patient i s  in r ight heart fa i l u re i t  i s  rare 
for the azygos vein to be en la rged . Consequently, en largement of the azygos 
shadow is most commonly due to lymphadenopathy. 

Results: The azygos vei n  was v is ib le as a defi n i te oval or rou nded structure 
in 3 1  % of patients. None of these v is ib le azygos veins  showed a transverse 
d iameter in excess of 1 .0 cm.  

Comment: When a shadow i s  seen that appears to  be a prom inent azygos 
vei n - measure its transverse diameter. The ru le  to apply: i f  th is  d iameter 
exceeds 1 .0 cm on a PA CXR: (a) presume that an abnormal ity is present; 
(b) determine whether the patient i s  in heart fa i l u re; and (c) check whether the 
c l i n ica l  presentation m ight i nc l ude the poss ib i l ity of noda l en largement. 

Figure 1 6. 1 5  Normal azygos vein (arrow) seen en face at its junction with the superior 
vena cava. Four examples. On a PA CXR the transverse diameter of the vein should not 
exceed 7 . 0  cm. 
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1 3. THE RIGHT WALL OF THE TRACHEA 

Background: Lymphadenopathy i n  the paratrachea l region can be d ifficu lt 
to detect. The normal right paratracheal stri pe can often be identified below 
the c lav ic le (see p. 1 1 2 ) .  The stripe represents both s ides of the trachea l wa l l  
out l i ned by a i r. I t  i s  not seen i n  a l l  patients, and i t  is ra re ly  seen o n  the left s ide. 
Widen i ng of the normal paratracheal stripe can be hel pfu l i n  recogn i s i ng ear ly 
paratracheal lymph node en largement. We assessed: (a) how frequent ly the 
norma l r ight paratrachea l stripe was seen; and (b) its width . 

Results: Both s ides of the right wa l l  of the trachea were vis ib le i n  63% of 
patients. When both s ides were v is ib le ( 1 2 6  patients), in 98% of cases the wa l l  
th ickness d id not exceed 2 m m .  I n  2% of cases the wa l l  th ickness measured 
2 . 5  m m .  No cases exceeded 2 . 5  mm.  

Comment: The ru l e  to  apply-when both s ides of the r ight wa l l of the trachea 
are seen on a PA CXR then the wal I th ickness should not exceed 2 . 5 mm . If 
the wa l l  th ickness measu res more than 2 . 5  mm then suspect that paratrachea l 
l ymphadenopathy is present. 

1 4. STOMACH GAS POSITION 

Background: A left-s ided subpu lmonary p leura l  effus ion (p. 82 ) or subphren ic 
col lection may be revea l ed by identify i ng i nfer ior displacement of the gas 
shadow (or bubble) i n  the gastr ic fundus. We assessed the norma l  depth of 
separat ion between the gastric a i r  and the diaphragm. 

Method/ Results: An unequ ivocal stomach gas bubble was vi sua l ised i n 2 2 %  of 
cases. In these 44 patients the d i stance from the top of the stomach gas bubble 
to the immed iate ly adjacent superior margin of the dome of the d iaphragm was 
less than 7 mm in 98%. In one case the distance was 1 4  mm . 

Comment: The d i stance between the left dome of the diaphragm and 
the superior surface of the gastric fundus is usua l ly  less than 7 mm. Very 
occas iona l l y  it can measure more than 7 mm. Thus, if a patient has a c l i n i ca l 
presentation that m ight i nc l ude the question of left-s ided pleura l fl u i d  and the 
gastri c  a i r  bubble i s  more than 7 mm below the dome then suspect a flu id 
col l ect ion. App ly ing th is  ru le wi l l  lead to the occasional fa l se pos it ive d iagnosi s . 
No matter-an u l trasound examination w i l l  then rap id ly confi rm or refute. 
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1 5 . U N I LATERAL HYPERTRANSRADIANCY8 

Background: U n i l ateral hypertransradiancy (b lacken ing) can be a subtle but 
important s ign of l ung pathology. The causes of hypertransrad iancy a re described 
on p. 257 .  

Results: Hypertransrad iancy was evident i n  35% of  patients. Of  these CXRs (70 
patients), 5 8% showed evidence of rotation . In 42% the cause was not apparent. 

Comment: Detect i ng u n i l atera l hypertransrad iancy i s  subj ective and depends 
on how meticu lous ly you look for i t .  Th is w i l l  vary between observers. Some 
observers a re very sensit ive to a d i fference between the b l acken i ng of the two 
l ungs. Be cautious about ascrib ing great s ignificance to hypertra nsrad iancy as an  
i so lated fi nd ing. I t  i s  qu i te common . Frequently the  cause i s  techn ica l  (p .  2 5 7) .  
Work through our check l i st (p. 258) to determ ine whether there i s  a ny other 
CXR evidence to suggest important pathology. 
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Part B 
Cl i n i cal Problems 



1 I T H E CXR:  ITS I M PACT O N  

C L I N I CAL D EC I S I O N  MA KI N G  

"Every diagnostic test causes additional cost if not additional risk. The cost and 
risk are justified if the test result is likely to change what is done for the patient. 

This includes a diagnostic test that does not alter therapy but provides important 
prognostic informa tion to the patient, or to parents, or to the physician " ' . 

I n  Part A the emphasis has been placed on the core knowledge- i .e. the basic 
pr incip les that assist a physician to accurate ly and confidently assess a chest 
rad iograph .  In Pa rt B we now turn to the pract ical  use of a CXR in ass i st i ng with 
the i nd iv idua l  patient's c l i n ica l  management. 

What impact does the CXR examination have on c l i n ica l  management? Th is 
depends on whether or not the i ndiv idual  phys ic ian app l ies an i nformed 
eva l uat ion of the CXR. Th is is not j ust shadow gazing. I nformed eva l uat ion 
req u i res the appl i cation of five important ru les .  

RULE  1 - C L I N ICAL DETA I LS ARE PIVOTAL 

Accurate interpretation of the CXR appearances a lways i nvolves correl at i on with 
the fi nd i ngs obta i ned from the c l i n ica l  h i story and physica l exam ination . The 
CXR shadows should never be considered in isolation . 

Example:  

• Age 20 .  Non-smoker i n  excel lent hea lth. CXR -a periphera l 2 -cm d iameter 
so l i ta ry pu lmonary nodu le.  L i kely diagnosis = hamartoma or carci noid. 

Age 75 .  Smoker with weight loss. CXR-a peripheral 2-cm diameter so l itary 
pu l monary nodu le.  L i kely diagnosis = bronch ia l carcinoma. 

R U LE 2 -A LWAYS ASK THE CXR A QU ESTION 

"What prec i se question do  I want t h i s  CXR  to answer?". The query wi l l d i rect the 
ana lys i s  of the CXR to the specif ic c l i n ical problem. 

Example:  this young man has acute chest pa in . I think that a pneumothorax 
is l i ke ly. The quest ion - is a pneumothorax, obvious or subtle, present? 
Formu l at ing th is  query w i l l  lead to careful exami nation of the l ung apex (p. 96) .  
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R U LE 3 - RECOG N I S E  SOME I MPERFECTIONS 

The CXR i s  a very usefu l bu t  nevertheless imperfect test. I t  i s  good a t  prov id ing 
i nformation on some pathologies (e.g. is there pneumon ia?) and poor with 
others (e.g. i s  there a pu lmonary embolus?) .  Furthermore, a lung shadow merely 
represents a rad iograph ic  density. I t  does not provide the prec ise anatomica l  
deta i l  of CT nor the cel l u l ar d iagnosis of h istopathology. 

Figure 1 7.1 Precise clinical details are crucial for accurate analysis. Compare the CXRs 
of patients (a) and (b). (a) presents with a cough, fever and green sputum. An acute 
illness. The lung opacity represents a lobar pneumonia. (b) presents with weight loss 
and haemoptysis. The CXR shows similar lung shadowing to (a). However, given the 
clinical history, a simple lobar pneumonia is unlikely. The illness is not acute. The eventual 
diagnosis . . .  bronchioloalveolar cell carcinoma of the lung. 

R U LE 4 - A  NORMAL CXR CAN B E  VERY USEFUL2 

It i s  tempt i ng to t h i nk  of the CXR as ma in ly  a test for mak ing d iagnoses. I n  
c l i n ica l  pract ice a normal ( i .e .  negative) CXR i s  more common than an abnormal 
CXR. Th i s  does not mean that performing the CXR was a waste of t ime. I n  fact, a 
norma l CXR can be extremely usefu l .  

I t  i s  very good at exc lud ing some condit ions w i th  a h igh degree of  
confidence, e.g. pneumothorax. 

It can provide reassu rance that a part icu lar ly serious condit ion is not present, 
or h igh ly  u n l i ke ly. In othe1· words, a normal CXR may modify the pre-test 
probab i l ity of a part icu lar  d isease so that the post-test probab i l ity (Ru le  5) i s  
so low that  fu rther i nvestigation i s  unnecessa ry. 

Example: haemoptys i s- is  it due to l ung cancer? A norma l  CXR exa m i nat ion 
( in th i s  i nstance, frontal and lateral project ions) is very reassu r ing to both the 
phys ic ian and to the patient. 
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R U LE 5 - CARRY OUT PROBABI L ITY ASSESSMENTS3-2 1  

"Diagnostic tests should b e  selected . . .  in a way that allows them to in fluence 
the clinician 's  estimate of pre-test disease probability. This estimate is the major 
factor in determining whether to withhold treatment, order more tests, or treat 

without subjecting the patient to the risks of further testing "4 . 

A probab i l i ty assessment is va l uable i n  enab l i ng the physician to consider how 
usefu l a CXR wi l l  be in confirm ing or exc lud ing a part icu lar d iagnosis .  

PRE-TEST AND POST-TEST PROBABI LITY 

The phys ic ian w i l l  have in m ind how l i kely it is  that a particu l ar d i agnosis 
is present i n  the i ndividual patient ( i .e .  the pre-test probabi l i ty) . The pre-test 
probab i l i ty assessment w i l l  determ i ne wh ich d iagnostic test the phys ic i an 
wi l l  then select. The l i ke l i hood that the d isease is present is subsequent ! 
mod ified by the resu l t  of the test ( i .e .  a post-test probab i l ity is genera ted) . These 
assessments help the phys ic ian to plan further management. Th is i nc ludes the 
opt ion of dec id ing not to request any fu rther tests. Thus:  

I t  i s  a usefu l exercise for the physician request i ng a CXR to note her pre- and 
post-test probabi l ity estimates of the d isease being present both before and 
after a CXR. Th is i s  usefu l because probabi l i ty assessments wi l l : 

a) Show that the phys ic ian has a c lear ly designed strategy for i nvesti gati ng 
the patient. 

b) Assist in exc l ud ing unnecessary i nvestigat ions . 

Appl i cat ion of a pre-test probab i l ity assessment requ i res an u nderstand ing of 
the re l i ab i l ity of the CXR to diagnose or exc l ude the pa rt icu la r pathology i n  
question ( i .e .  by knowing t h e  positive and negative pred ict ive va lues) . 

For those of us who do not l i ke getti ng into stat ist ics and numbers when 
mak ing these probabi l i ty assessments it i s both practica l and helpfu l to 
u t i l i se a s imple esti mate of pre- and post-test probabi l i ty as being either h igh, 
med i um or low (see: Box A and Box B) .  For example:  chest pa i n - ru le out 
aortic d i ssection (Table 1 7 . 1  ) .  

BOX B 

Presence of disease X No disease 

Estimate of H igh OR Estimate of H igh 
pre-test 

Medium 
pre-test 

Medium probabi l ity probabi l ity 

Low Low 



Table 1 7.1  Chest pa in-rule out aortic d issect ion.  

Stage 1 The physician has weighed the c l i n ical  evidence 

Pre-test 
probabil ity 

Stage 2 

Estab l i sh  
a post-test 
probabi l ity 

Stage 3 

Next steps 

Her view is that the probabi l ity of an aortic d issection (ie the pre-test probability) is either: H igh, Medium or Low 

CXR requested and analysed 

I 
-1 

High pre-test probability Medium pre-test probability Low pre-test probability 
I I I 

I I I I I I 
CXR normal CXR abnormal CXR normal CXR abnormal CXR normal CXR abnormal 

Post-test 
probabi l ity 

= Low 

Expectant, or CT 

Diagnosis 
confirmed 

CT 

Post-test 
probabi I ity 

= Low 

No additional test 
Seek another 

cause 

Diagnosis 
confi rmed 

CT 

Post-test 
probab i l ity 

= Dissection 
ruled out 

I 
No additional 
investigation 

D iagnosis 
confirmed 

CT 
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APPE N D I X  

Sometimes the terms used in  d i scussions o n  the accuracy and selection of 
a d iagnostic test (e.g. the CXR) can be confus ing or poorly understood. Th i s 
appendix provides some usefu l defi n i tions and explanations. 

DEFIN ITIONS AND EXPLANATIONS3-26 

Bayes' 
Theorem 

Clinical 
prediction 
rules 

Diagnostic 
accuracy 

Gold 
standard 

Predictive 
value 
of a test 

The predictive value of any particu lar test depends not on ly 011 the 
sensitivity and specificity of the test but a lso on the prevalence of the 
disease in the population being tested8. 

An assembly of symptoms and signs from a large n umber of patients 
with a specific disease. Points are assigned to the various symptoms and 
signs and the pre-test probabi l ity of disease is determi ned by addi ng up 
the points4• These rules (there are relatively few of them) permit a rough 
estimation of pre-test disease probabi l ity. 

N B :  caution has been advised in too read i ly accepting an assumed 
consistency in pre-test probabi l i ty estimates of some d iseases, because 
there can be a la rge variation in  pre-test esti mations between c l in icians '8. 

Accuracy measures how close to a true or accepted va l ue a measurement 
l ies. The accuracy ( i .e. the performance) of a diagnostic test can be 
expressed in several different ways. These include: sensitivity and 
specificity; l ikel i hood ratios; predictive val ues; the area under a receiver 
operator characteristic curve. 

A method, procedure, or measurement that is widely accepted as being 
the best avai lable5. 

The probabi I ity that a person with a positive test is a true pos itive 1 i .e. 
does have the d isease), or that a person with a negative test tru ly does 
not have the d isease. The predictive value of a test is determ i ned by 
the sensitivity and specificity of the test, and by the preva lence of the 
condition for which the test is used5. 

The negative predictive value is the proportion of persons wi th a 
negative test who do not have the condition. In other words, given 
that a patient tests negative, what is the probabi l ity that she tru ly does 
not have the disease? This measure is critical ly dependent on the 
prevalence of the disease in the given population at a given t ime"6•9. 

The positive predictive value is the proportion of persons with a 
positive test who do have the condition. In other words, given that 
a patient tests positive, what is the probabi l ity that he tru ly has the 
disease? Th is measure is critica l ly dependent on the preva l ence of the 
disease in  the given population6·9. 



Pre-test 
probability 

Post-test 
probability 

Prevalence 

Sensitivity 
of a test 

Specificity 
of a test 

Test 

Likelihood 
Ratio 

Threshold 
Model 
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The probabi l i ty of disease ( i .e. the target disorder) before performing a 
diagnostic tests. Statisticians commonly express pre-test probabi l ity•· 10 
using numbers, i.e. a point on a cont inuum ranging from absent (0) to 
present ( 1 ) .  In practice, pre-test probabi l ity does not have to be expressed 
numerica l ly. It can be described in terms of probabi l i ty thresholds". Thus 
the pre-test probabi l i ty may usefu l ly be expressed us ing the terms H igh, 
Medium and Low. 

The probabi l i ty of disease ( i .e. the target disorder) updated by the resu l ts 
of a d iagnostic tests. 

The proportion of persons with a particu lar  disease with i n  a given 
popu lation at a given ti mes. 

The probabi l i ty of a positive test in those with the disease: i .e. the 
frequency of true positives. A sensitive test has few false negatives6J 

The probabi l ity of a negative test in those without the d isease: i .e. the 
frequency of true negatives. A specific test has few false positives6.7. 

Any method ( laboratory; imaging; other) for obta i n i ng additional 
i nformation on a patient's health status. 

AND 

An index developed in  order to indicate how rel iably a diagnostic test 
detects a part icular disease. Some statisticians prefer to use l i ke l ihood 
ratios6 rather than positive and negative predictive va l ues, because 
l i kel i hood ratios are independent of disease preva lence•. Li kel i hood ratios 
have become incorporated into evidence-based medici ne. The objective 
is to encourage physicians to make more accurate and cost-effective 
c l i n ical  management decisions '· '3• 14• 15. 

A c l i n ical decis ion-making yardstick which uti l i ses two th resholds 1•4• 12• 
Threshold 1 is a no-test threshold because the probabi l ity of a disease 
is so low that the va l ue of not treating the patient is the same as that of 
performing the test. Threshold 2 is a lso a no-test threshold because the 
probabi l ity of the disease is so h igh that the val ue of performing the test 
is the same as that of admi n istering treatment. If the probab i l ity of d isease 
fa l ls within either of these two thresholds (i .e. below Threshold 1 or 
above Threshold 2) then there is no point in carrying out the test. Thus the 
decision not to treat, to carry out the test, or to treat is determined by the 
pre-test disease probabi l ity and the two thresholds'·4. When the pre-test 
disease probabi l ity l ies between the two thresholds then the test resu l t  
cou ld lead to a different (post-test) probabi l i ty of  disease that  cou ld a l ter 
the decision to treat, not to treat, or to i nstigate an additional test . . . thus, 
the test should be carried out. 
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LOO KS B LAC K E R  

One lung looks blacker: U n i l ateral hypertransracliancy of the thorax. 

Figure 1 8.1 Why does the 
left lung appear blacker than 
the right lung? Answer on 

�--------------------' p. 259. 

W H I C H  S I D E  IS ABNORMAL? 

Rule of thumb: In most i nstances the side that i s  b lacker is the abnormal s ide. 

Important rider: On occasion one side wi l l appear bl acker because the 
opposite side is abnorma l ( i .e. denser/ more opaque) 
(F igs 1 8.2-1 8 .5 ) .  A more dense hemithorax (e.g. on the right 
s ide) may resu l t  from: 

• Any cause of right-s ided hypertrophy or  swel l i ng of the 
chest wa l l  soft tissues, such as :  

...1 breast abscess 

..J chest wa l l  haematoma 

..J right-handed sportsman with h igh ly  developed 
pectoral muscles ( Fig. 1 8 .2 )  

• Right-sided p leu ra l  fl u id:  

..J particu larly on a supine CXR 

• General ised right-sided p leura l  th icken ing. 

• Right l ung consol idation .  

I 
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Figure 1 8.2 This patient 's  
left side will appear blacker 
than the right on a CXR. This 
is because he is a right
handed tennis player whose 
right pectoral muscles are 
highly developed . . .  they 
absorb more of the x-ray 
beam than does the less 

'---��-�-��----------�-____, developed left side. 

Figure 1 8.3 Right-
sided malignant  pleural 
effusion was treated with a 
pleurodesis. This additional 
pleural fluid and thickening 
absorbs more of the x-ray 
beam and so the normal left 

'"-------------------"'�- side looks blacker. 
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Figure 1 8.4 Encysted 
(posterior) left pleural 
effusion causes increased 
absorption of the x-ray beam. 
Consequently the right lung 
looks blacker. 

Figure 1 8.5 Right-sided 
pneumonia. Consequently 
the left lung appears blacker. 

HYPERTRANSRAD IANCY: H OW COMMON ?  

Un i lateral hypertransrad iancy i s  a common fi nding. I n  our ana lysis of 2 00 
otherwise normal PA CXRs it occurred i n  35% of patients (see Chapter 1 6 , 
p. 243) .  The explanat ion was patient rotation i n  half of these cases. I n 42% 
the cause was not obvious, though these are l i ke ly to have been due to other 
techn ical factors (Table 1 8 . 1  ) .  
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HYPERTRA N S RADIANCY: A H ELPF U L  C LASS I F ICAT I O N  

Techn ical  factors account for the vast majority o f  cases o f  un i lateral hyper
transradiancy. Nevertheless, there are occasions when the fi nd ing i nd icates 
under ly ing d i sease (Table 1 8 . 1 )  on the hypertransrad iant, i .e. b lacker, s ide. For 
th i s  reason i t  i s  worth carry ing out a s imple step-by-step ana lys is  whenever one 
l ung appears b l acker than the other (see p. 2 58) .  

Table 1 8. 1  U n i l ateral Hypertransradiant Hemithorax. 

Technical 

Chest wal l  
abnormal i ty 

Skeletal 
abnormality 

Ai rways 
disease 

Vascular  
disease 

Cause 

1 .  Unequal compression or positioning of the normal chest wal l  soft 
tissues against the cassette' 

2 .  Patient rotation '·2 

3 .  Incorrect centering of the x-ray beam to the grid = lateral 
decenteri ng2 

Asymmetric soft tissues3-' 

Mastectomy 

Absent or under-developed pectora l muscles ( Poland Syndrome) 

Scol iosis 

1 .  Large pneumothorax 

2. Asymmetric emphysema 

3 .  B ronch ia l  obstruction 

Adults: col lapse of a lobe resu lting in compensatory emphysema 

Chi ldren: inha led foreign body5; congenital lobar emphysema6 

4. Previous bronchiol it is obl iterans 

i .e. Swyer-James (= Macleod's) syndrome7•8 

1 .  Pu lmonary embol ism4•9 

2 .  Extrinsic pul monary artery obstruction secondary to: 

tumour 

lymph node enlargement 

3 .  Pul monary artery hypoplasia or  branch stenosis 
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H YPERTRANSRADIANCY: A STEP-BY-STEP ANALYSIS 

I f  you have decided that the  more opaque (denser) s ide  i s  the norma l s ide, adopt 
this step-by-step approach, concentrati ng on the side that i s b lacker. 

STEP 1 

Question : Is the med ia l  end of each c lavic le equ idistant from the m id l i ne? 

No- rotat ion i s  the l i ke ly explanation (Fig. 1 8 .6) .  

The rule of rotation: The side with the media l  end of the c l avic le  fu rthest from 
the m id l i ne w i l l  be blacker. I f  th is  ru le is broken, suspect another cause2. 

STEP 2 

Question : Are the soft t issues around the scapula and the ax i l la on the blacker 
s ide more penetrated (i .e. not qu ite so wh ite as on the normal side) ? 

Yes- incorrect centering of the x-ray beam is the l i ke ly explanation (F ig. 1 8 .7) .  

STEP 3 

Question : Are the chest wa l l  soft t issues asymmetric? 

The c l i n ica l  h istory and/or the physical exami nation i s  crucia l : e.g. mastectomy; 
absent or hypoplastic pectoral musc les (F igs 1 8.8  and 1 8. 9) .  

Figure 1 8.7 The left side appears blacker. -------------� No rotation. Note that the scapula and 

Figure 1 8.6 The patient is rotated 
slightly to the right. The right side 
appears blacker. This obeys the rule 
of rotation1. 

soft tissues on the lefl side are less white 
(i.e. better penetrated) than those on the 
right. This indicates that the x-ray beam is 
decentred to the left - consequen tly the 
left-sided tissues (including the lung) appear 
blacker. 



ANALYSIS: ONE LUNG LOOKS BLACKER (i59] 

STEP 4 

Question : I s  there a scol iosis? 

• Th is  may resu l t  in a l terations to the soft t issues i n  the path of the x-ray beam 
(F ig .  1 8 . 1  0). A lso, a scol iosis may cause uneven compress ion of the anterior 
chest wa l l  aga inst the cassette. 

• N B :  uneven compress ion of chest wa l l  soft t i ssues aga i nst the cassette, 
even i n  the absence of a scol iosis, is a very common cause1 of un i l atera l 
hypertransrad iancy (Table 1 8 . 1  ) .  

STEP 5 

NONE OF THE  ABOVE? Now consider pu l monary or p leura l  pathology. 

Question: I s  there evidence of a i rways disease? 

• Large pneumothorax ( F ig. 1 8 . 1 1 ) .  

• Emphysema or an emphysematous bu I l a  (F ig .  1 8 . 1 2 ) .  

• Lobar col lapse with compensatory hyperinflat ion. See p. 57 .  

• I n ha led foreign body causing a i r  trappi ng (ch i ldren). See p .  20 1 . 

• Congen ital lobar emphysema (ma in ly ch i ldren) .  See p. 203 . 

• Swyer-James (= MacLeod's) syndrome ( Fig. 1 8 . 1 3 ) .  

STEP 6 

NONE OF TH E ABOVE?  Now consider vascu lar  disease. 

Question A: Are there any c l i n ical featu res to suggest a rter ia l  d isease? 

• Pulmonary embol i sm.  

• Pu lmonary artery hypoplasia. 

Question 8: Is there any suggestion of a tumour at or adjacent to the h i  I um?  

A tumour may cause secondary constrictive effects, i nc lud ing obstruct ion, to  the 
adjacent pu lmonary artery. 

Answer to Fig. 1 8. 1  on p. 254 

Analysis: No evidence of rotation. Scapul a  density s imi lar  on the two sides. No 
scol iosis. The left h i  I um i s  elevated. Fibrotic shadowing in  left upper zone.  Fewer 
vessels  in the left lung compared with a s imi lar  area in the right l ung. 

Conclusion: The left lung is b lacker because there is major contraction (co l lapse and 
shr inkage) of the l eft upper lobe with consequent compensatory hyperinflation of the 
lower lobe. 
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Figure 1 8.8 The left 
side appears blacker. 
Left mastectomy. 

Figure 1 8.9 Congenital 
under-development of 
the right pectoral muscles 
(Poland syndrome). The right 
lung will appear blacker on 
a CXR. 

"-----------------' Figure 1 8. 1 1 The right side appears 

Figure 1 8. 1 0  The right side appears 
blacker than the left. This is a 
consequence of the scoliosis which is 
presenting uneven thicknesses of soft 
tissue to the x-ray beam. 

blacker. Large right pneumothorax with 
major collapse of the right lower lobe. 
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Figure 1 8. 1 2  The right side appears blacker. Airways disease . .  very large emphysematous 
bu/la compressing the right lower lobe. CT section to illustrate. 

Figure 1 8. 1 3  The left side 
appears blacker. Airways 
disease. Note that there are 
fewer vessels in the left lung 
compared with a similar area 
in the right lung. There is a 
differential diagnosis for this 
appearance. In this patient 
the explanation proved to be 
the Swyer-James syndrome 
(also known as MacLeod's 
syndrome) . . .  resulting from 
bronchiolitis obliterans in 

-. _____________________ ..., childhood3•4.7·9. 
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SPEC I F I C  CAUSES OF U N I LATERAL HYPERTRAN SRAD I A N CY 

PNEUMOTHORAX 

See Chapter 7, pp. 94-1 02 . 

EMPHYSEMA 

See Chapter 22 ,  pp. 2 85-2 86 .  Emphysematous changes are often asymmetric 
w ith one l ung or one lobe predominantly affected. 

BRONCHIAL OBSTRUCTION CAUSING LOBAR COLLAPSE 

See Chapter 5, pp. 5 7-66 . Major col l apse of a lobe wi l l  resu lt in compensatory 
emphysema ( i .e. lobar over-expansion) in the unaffected lobe/ lobes. The over
expansion of the lobe together with shunting of arterial b lood to the opposite 
l ung produces the u n i l ateral hypertransradiancy. Th i s  effect is most commonly  
seen in adu lts wi th  bronchia l  obstruct ion. 

BRONCHIAL OBSTRUCTION DUE TO AN I N HALED FOREIG N 
BODY5 

See Chapter 1 4, p. 2 0 1 . Occurs most commonly in young ch i l dren . Though 
lobar co l lapse with compensatory emphysema in the unaffected lobe/ lobes may 
occu r  it is more common for the foreign body to cause a ba l l va lve obstruction 
and consequent a ir  trapping. The affected l ung appears bl acker and l arger than 
the opposite s ide. 

CONGEN ITAL LOBAR EMPHYSEMA6 

See Chapter 1 4, p. 203 . There is developmenta l bronch ia l  narrowing wi th 
progressive a i r  trapp ing and over-expansion of the lobe or l ung segment 
d i sta l  to the stricture. The majority of affected patients present with i n o e 
month of b i rth .  Presentation after s i x  months is rare. The CXR shows an  area 
of hypertrans rad iancy. Sh ift of the mediasti num to the opposite s ide and 
compress ion col l apse of adjacent l ung segments are common ly associated 
findi ngs. 

SWYER-JAMES SYN DROMF8 

Also known as Macleod's syndrome. Th is results from vi ra l bronch iol it is 
obl iterans occurring i n  ch i ldhood which adversely affects norma l development 
of the bronch ia l  tree. Patients are thereafter usua l l y  asymptomatic .  The CXR  
appearance of un i l ateral hypertransradiancy is often an i ncidenta l fi nding i n  
adu lthood. Characteristic findings on  CT wi l l confirm t he  diagnosi s8. 
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PU LMONARY EMBOLISM 

A massive pu lmonary embolus produc ing a decrease i n  pu l monary b lood flow 
may cause u n i lateral hypertransradiancy. A focal hypertransrad iancy is often 
referred to as Westermark's s ign9. It is a very rare fi nding. More often, any 
hypertransradiancy i n  a severely i l l  patient-even one who has susta i ned a 
pu lmonary embol us- is due to a techn ical factor, e.g. patient rotat ion.  

PU LMONARY ARTERY HYPOPLASIA 

Pathological hypertransradiancy, whether due to a i rways disease or vascu la r  
d isease, i s  i n  l a rge part the resu l t  of  decreased pu lmonary b lood flow. Therefore 
a developmenta l l y  absent, under-developed or stenosed pu lmonary a rtery can 
a l so cause one l ung to appear bl acker. 
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1 9 ANALYS I S :  WH ITE O U T  

A white out: A frontal CXR shows homogeneous opacification of a l l  or most of 
one hemithorax. 

Figure 1 9. 1  Can you 
exp lain this white out?  

..... �������������������..__,� Answer on p . 266. 

When assessing a white out it is essential to be aware of the poss ib le causes 
(Tab le 1 9 . 1 ) . 

Table 1 9.1 Causes of a white out.  

Common Large pleural effusion . . .  with min imal or moderate 
secondary compression col lapse of the underlyi ng l ung. 

Large pleural effusion . . .  with major secondary compression 
col lapse of the u nderlying lung. 

Collapse of the entire lung. Min ima l  o r  n o  p leu ra l f lu id.  

Previous pneumonectomy. 

Uncommon Extensive pneumonia involving the enti re l u ng. 

Extremely uncommon Extensive tumour infi ltration of the l ung. 

Extraord inari ly rare Congenital absence of a l ung. 
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The key to ana lys ing a wh ite out is determ in ing whether the med iasti num 
is d isp laced . Th i s  requ i res assessment of the position o f  t he  heart and the 
pos ition of the trachea . 

..J Mediasti n um disp laced to the opposite side = la rge effus ion . 

..J Mediasti num disp laced to the ips i lateral s ide = l ung col lapse. 

An occas ional  d i l emma:  a white out but: (a) there is no d i sp lacement of the 
med i asti num and (b) the trachea i s  centra l . 

..J The most l i ke ly cause: a large p leura l  effusion associated with or causing 
major col l apse of the l ung. The net effect i s  no d i sp lacement. 

..J Much less common: an extensive lobar pneumonia affecti ng a l l  the lobes 
of the l ung. An air bronchogram (p. 2 2 7) may be v is ib le . 

..J Very ra rely:  extensive tumour infi l t ration of the ent i re l u ng. 

Table 1 9.2 White out.  

CXR findings 

A 

8* 

c 

D 

Mediastinum displaced to the 
opposite side. 

Trachea central or deviated to the 
opposite side. 

Mediastinum centra l .  

No tracheal deviation. 

Mediasti num displaced to the 
ips i lateral side. 

Trachea deviated to the same side. 

Features as for C above, and: 

Ribs missing/distorted. 

Most likely cause 

Large pleural effusion with min ima l  
secondary compression col lapse of the 
underlying l ung. 

Large effusion with major col lapse of 
the underlying l u ng. 

Col lapse of the entire l ung. Min imal  or 
no pleural fluid. 

Pneumonectomy. The c l i n ical h istory 
is conclusive. 

* Exceptiona l ly . . .  these findings may be due to an extensive pneumonia affecting a l l  the 
lobes of a l ung, or to extensive tumour infi ltration of the entire l ung. 
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Figure 1 9.2 White out. The 
mediastinum is displaced lo the left 
and so is the trachea. Large right 
pleural effusion. 

Figure 1 9.4 White out. The 
mediastinum and trachea are 
displaced to the right side. Major 
collapse of the entire right lung. 

Answer to Fig. 1 9.1  on p. 264 

Figure 1 9.3 White out. The mediastinum is 
central and so is the trachea. Large effusion 
with collapse of the underlying lung. The 
CT section shows the major compression 
collapse of the right lung caused b v the large 
volume of fluid in the pleural space. 

Figure 1 9.5 White out. The mediastinum 
and the trachea are displaced to the right 
side. Several of the underlying ribs are 
abnormal. A previous right pneumonectomy 
accounts for the white out. 

Analysis: Trachea and mediast inum are shifted to the right i nd icating a major loss of 
l ung vol ume. But . . .  a lways assess the bones. In this patient note the rib cha nges as wel l 
as the surgical c l ips. 

Conclusion: A previous right pneumonectomy expla i ns the white out. 



Figure 1 9.6 White oul. A large left 
pleural effusion is displacing the 
mediastinum to the right. 
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Figure 1 9.7 White out. The mediaslinum 
and trachea are displaced to the right. Major 
collapse of the right lung. 

Figure 1 9.8 White out. The mediastinum is not displaced and the trachea is midline. 
Large left pleural effusion with major compression collapse of the left lung. The CT section 
confirms the effusion and the collapsed left lung. 
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ANALYSIS :  SOLITARY 
PU LMONARY NOD U L E  

Solitary pulmonary nodule (SPN): 

"to qualify as a nodule or cyst, a pulmonary lesion must present a reasonabl} sharp 
outline. Hence, a focal infiltrate with ill-defined borders is excluded . . . . I have set no 

upper limit of size for a pulmonary nodule, though I usually call the big ones a mass"'. 

"a focal round or oval area of increased opacity in the lung tha t measures less than 
3.0 cm in cliameter"2. 

A COMMON SCENARIO 

An otherwise genera l l y  wel l patient has  a CXR (e.g. for h igh blood pressu re) . 
A SPN is an  unexpected fi nd ing. 

Frequently, the c l i n ical h istory w i l l  make a part icu lar  d i agnosi s h igh ly l i ke ly. 
Examples:  a man of 65 who has smoked two packs a clay for 40 years -the 
defau l t  d iagnosi s  wi l l  be a primary bronch ia l  carci noma. A h istory of carc inoma 
of the breast /k idney/colon some years previously w i l l  make a secondary 
deposi t  l i ke ly. 

On the other hand there may be no c l ue from the h i story. In th i s  case there are 
three steps: 

1 .  Remind oneself of the causes of a SPN (Table 20 . 1  ). 

2. C l i n ica l  assessment. 

3. CXR ana lys is .  This i nc l udes a search for CXR features wh ich i ncl icat a 
benign les ion and makes a CT examination unnecessary (Table 20 .3 ). 

Figure 20.1 A SPN is a 
common finding on adult 
CXRs. Approximately 
60-70% are benign. Some 

�-------------___, 30-40% are malignant'__,. 
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CAU SES OF A SPN 

A sol itary pu l monary nodu le  i s  a very common fi nding on a CXR i n  adu l ts .  The 
vast majority are ben ign lesions (Table 20 . 1  ), usua l ly old granu lomas2-• . 

Table 20.1 Causes of a SPN. 

Most common Benign granuloma (previous infection) 

Less common 

Much less common 

Very rare 

Bronchia l  carcinoma 

Metastasis 

Mucoid impaction 

Abscess 

Infected bu l la  

Infarct 

Haematoma 

Arterio-venous 
malformation 

Organis ing pneumonia 

Hamartoma 

Rheumatoid nodule 

Wegener's granu loma 

Carcinoid 

Sarcoid gra n u loma 

Amyloid 

Hyclatid cyst 
Intrapulmonary l ipoma 

Table 20.2 Traps: s imu lated pu lmonary nodules. 

Overlap of normal pu lmonary vessels 

Hea l i ng rib fracture 

Rib density-benign 

Rib density - ma l ignant 

Cart i l age calcification-first rib 

Pleural p laque 

CLI N ICAL ASSESSM ENT 

CLIN ICAL DETAILS ARE CRUCIAL 

Encysted pleural f luid 

Electrocardiogram electrode pad 

Nipple shadow 

Skin excrescence/mole 

Clothing a rtefact 

Is the c l i n ica l  h istory he lpfu l ?  Somet i mes a recent low grade chest infection 
may resu l t  in a res idua l  a rea of pneumon ia .  A h i story of asthma w i l l  ra i se the 
poss ib i l ity of mucoid impaction. Perhaps there has been a recent i n j u ry to 
the chest, e.g. a haematoma.  

I s  the c l i n ica l  exam inat ion abnorma l ?  Is  there a mole or sk in  tag on the chest 
wal l ?  A breast l ump, an abdomina l  mass or an en larged l iver wou ld  ra ise the 
l i ke l i hood of ma l ignancy. 
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STEP-BY-STEP CXR ANALYSIS 

Step 1 :  

Step 2 :  

Step 3 :  

Step 4 :  

Step 5 :  

Excl ude any o f  the common traps (Table 20 .2 ) . A nodu le may not 
be in the l ung. A lateral CXR wi l l confirm (or exc l ude) the les ion  as 
intrapu l monary. 

App ly th i s  ru le :  "the best next step is comparison with a pre vious 
CXR ". Th i s  w i l l  often remove the need for any fu rther i nvestigation .  

I f  a C X R  two or more years prior shows that the l es ion has not 
changed in s ize . . .  the SPN can be assumed to be ben ign, usua l ly a 
ben ign granu loma. Th i s  is not a 1 00% guarantee5•6. Nevertheless, 
it is a h igh ly re l iable ru le  of thumb. Lack of growth impl i es a long 
doub l ing t ime (see opposi te) which genera l ly i ndicates a ben ign 
h istology. Th is criterion has even greater power if ear l ier images 
( i .e. beyond two years) are a lso ava i l able for compari son . 

If the previous CXR was c lear . . .  the SPN is an active les ion . It i s  
h igh ly  l i ke ly to  be  ma l ignant or i nflammatory. 

No previous CXR ava i lable:  look for benign featu res (Tab le 20.3 ) . 

No previous CXR ava i l able: look for ma l ignant featu res (Tab le 20.4) .  

I s  CT of the thorax necessary? Table 20.6 provides gu idel i nes . 

Table 20.3 SPN: benign characteristics. 

CXR feature Comment 

Size 

Shr inki ng 

Calc ification 

Presence of 
Branch ing 

Stable 

1 .  A lmost all benign nodu les are less than 3 cm in  clia met r. 

2 .  A nodule of less than 1 cm in diameter is very difficu lt to 
visual ise'. Apply this maxim: "this nodule is less than 7 cm in 
diameter but I can see it very well indeed. This means that it is 
almost certainly calcified and thus it will be benign. " 

Rapid reduction in size in clays or weeks on interva l  CXRs -the 
lesion is benign (often a resolving infection). 

Benign if central, shaggy, laminated, popcorn, or  stippled. 

Tubular  branching leading up to the nodule suggests: 

an arterio-venous malformation, or 

a pul monary venous varix, or 

mucoicl i mpaction with in a bronchus 

No change over two years is a strong feature suggesting a ben ign 
lesion•. Not an absolute guarantor5·6 but i nd icates a h igh probabi l i ty. 
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Table 20.4 SPN: mal ignant characteristics. 

CXR feature 

Size 

Margin 

Strands 

Calcification 
position9• 10 

Comment 

Diameter of more than 3 cm is very suggestive of mal ignancy. 

I l l -defined or spiculated border is a strong pointer towards 
mal ignancy. 

Radiating strands at the margin -strong probabi l ity of a primary 
carcinoma . . . but not an absolute certainty. 

Eccentric calci fication raises the suspicion of a scar carcinoma. 

Table 20.5 SPN : unreliable characteristics . . .  the i ndeterminate nodule. 

CXR feature Comment 

Smooth margin Th is is  common with benign disease. Nevertheless, some 
primary carcinomas do have smooth margins. 

A metastasis usual ly has a smooth margi n .  

Lobulated outl ine May be present in benign as wel l  as in mal ignant lesions. 

The ta i l  sign 

Cavitation 

Doubl ing time/ 
rate of growth 

Can occur in benign and mal ignant lesions" (Fig. 20.4). 

Abscesses cavitate. Squamous cel l  carcinomas cavitate. 

Some granulomas grow slowly. 

Some primary carcinomas grow very s lowly . . .  others grow very 
rapidly. 

Doubling time -a summarys,9-12 

The growth rate of a lesion is often expressed in terms of doubling t ime ( i .e. the time in 
which a nodu le  doubles i n  volume'2). I t  has been estimated that a nodu le  goes through 
some 30 doub l ings before it  reaches 1 cm in diameter and becomes readi ly detectable 
on a CXR'3. B ronch ial  carcinomas usua l ly take 1 -1 8  months to double i n  s ize. 

Rule of thumb: A doubl ing time of less than one month, or a l ternatively more than 
1 8  months, suggests benign disease. Th is maxim is a helpful guidel i ne, 
but there are occasional exceptions. 
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Table 20.6 I s  CT necessary? 

CXR analysis Feature 

Step 1 An artefact is confi rmed 
(Table 20.2 )  

Step 2 Lesion unchanged over the 
previous two years 

CT indicated? 

No 

No (very occasion al ly, the c l i n ical  
context-age, smoking h istory 
wi l l  j ustify CT) 

Lesion has increased in size Yes 

Step 3 

Step 4 

(a) 

over the previous two years 

Classic benign features 
(Table 2 0.3) 

Classic mal ignant features 
(Table 20 .4) 

No 

Yes 

Indeterminate features Yes 
(Table 20.5)  

(b) 

Figure 20.2 (a) Cen tral 
calcification in a SP is 
usually a benign feature. 
(b) Eccentric calcifica tion 
raises the suspicion of a 
carcinoma arising in an old 

-------------' '-----------� scar. 
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Figure 20.3 SPN at the 
apex of the left lung. The 
margin is slightly irregular 
and ill-defined. These two 
features are suggestive 
of a primary bronchial 
carcinoma. 

Figure 20.4 SPNs. In (a) the margin is irregular. In (b) a tail sign is present. A "tail" is a 
strand-like or linear projection of tissue extending outwards from the margin of a nodule. 
Either (a) or (b) should raise the strong suspicion of malignancy. 

Figure 20.5 The right 
upper zone nodule has 
a cavity within it. Some 
benign lesions do cavitate, 
e.g. abscess or rheumatoid 
nodule. All the same, in the 
appropriate clinical setting, 
cavitation should always 
suggest the probability of 
a squamous carcinoma. 
Subsequently confirmed 
squamous carcinoma of the _.__ _______ __, bronchus. 
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AN I NTERESTING LESION - PULMONARY HAMARTOMA2· 10 

Pathology 

Hamartomas are benign tumours found in  various organs. A l l  hamartomas contai n cel l s  
o f  some o f  the tissues within the organ o f  origi n.  A pu lmonary hamartoma i nva riab ly 
contains cartilage and bronchial  epithel i um; it often contains fat. 

Clinical features 

Usual ly an incidental, asymptomatic finding. Tuberous sclerosis is  a rare association .  

The CXR 

90% are situated periphera l ly  in  the  lung. Very occasional ly i t  is endobronch ia l .  

Sol i tary. 

Most are less than 3 cm in diameter. Exceptiona l ly- may be as large as 1 0 cm. 

Margins sharp and wel l -defined. 

1 0-20% contain calcification which may be stippled or popcorn shaped (Fig. 20.6) 

I nterval CXRs-slow growth does occur. 

N B :  fat within a SPN on CT is pathognomic of a hamartoma. 

Figure 20.6 Some hamartomas 
contain visible calcification. 
it is often stippled or popcorn 
shaped. This figure shows 
the appearance of popcorn 
calcification. Note the similarity 
to a popped kernel of corn '. 



ANALYSIS: SOLITARY PULMONARY NODU LE [275] 

REFERENCES 

1 .  Fel son B .  Chest Roentgenology. Ph i ladelphia ,  PA: WB Saunders, 1 973 : 
3 1 4-329 .  

2 .  E rasmus J J ,  McAdams H P, Connol ly J E .  Sol i tary pu lmonary nodu les :  Part I .  
Morpholog ic eva l uation for differentiation o f  ben ign and mal ignant les ions. 
Radiographies 2000; 20: 43-58.  

3 .  Gurney JW. Determ in ing the l i ke l i hood of ma l ignancy in  sol itary pu lmonary 
nodu les with Bayesian ana lys is .  Rad io logy 1 993;  1 86 :  405-4 1 3 .  

4 .  L i l l i ngton GA, Caskey C l .  Eva luation and management of sol i tary and 
mult ip le pu l monary nodu les .  Cl i n  Chest Med 1 993 ;  1 4: 1 1 1 -1 1 9 . 

5 .  Sherri er RH,  Ch i les C, Johnson GA et a l .  D i fferentation of benign from 
mal ignant pu l monary nodu les with d ig it ized chest rad iographs.  Radiology 
1 987;  1 62 :  645-649.  

6 .  Yanke levitz OF, Henschke CJ .  Does 2-year stabi l ity imply that  pu lmonary 
nodu les are ben ign? AJR 1 997; 1 68 :  3 2 5-328 .  

7 .  Kunde! H L . Pred ict ive va l ue and  threshold detectab i l ity o f  l ung tumours .  
Rad iology 1 98 1 ; 1 39 :  2 5-29.  

8.  Good CA. Roentgenologic appra isa l  of  sol i tary pu lmonary nodu les. Minn 
Med 1 962;  45 :  1 5 7-1 60. 

9 .  Hanse l l  OM, Armstrong P, Lynch DA, McAdams H P. Imaging of D iseases of 
the Chest. 4th ed. St Lou i s, MO: Mosby, 2005 . 

1 0. Col l i ns J ,  Stern EJ . Chest Rad io logy: The Essent ia l s .  Ph i l adelphia,  PA: 
L ipp i ncott Wi l l iams & Wil kins, 1 999. 

1 1 .  Webb WR. The p leu ra l  ta i l  s ign. Radiology 1 978; 1 2 7 :  3 09-3 1 3 . 

1 2 . Reed JC. Chest Radiology: P la i n  F i lm  Patterns and Different ia l  D iagnoses. 5th 
Edit ion. Ph i l adelphia,  PA: Mosby, 2003 . 

1 3 . Col l i ns VP, Loeffler RK, Tivey H .  Observations on growth rates of human 
tumors. Am J Roentgenol 1 95 6; 76:  988-1 000. 

1 4. Erasmus JJ, McAdams H P, Connol ly  J E .  So l i tary pu lmonary nodu les :  Pa rt I I .  
Eva l uation o f  the i ndeterm inate nodule. Radiograph ies 2000; 2 0 :  59-66. 

1 5 . Dewan NA, Shehan CJ, Reeb SD et al .  L i kel i hood of ma l ignancy in a sol itary 
pu lmonary nodu le: comparison of Bayes ian analys is  and FOG-PET scan .  
Chest 1 997;  1 1 2 :  4 1 6-422 .  

1 6 . Woodr ing JH ,  Fr ied AM.  S ign ificance of  wa l l  th ickness i n  sol itary cavit ies of 
the l ung: a fol low-up study. AJ R 1 983;  1 40 :  473-474.  



2 1 ANALYS I S :  M U LTI PL E 

P U LMO NARY N O D U L E S  

Multiple pulmonary nodules: 

"The term is generally accepted as indicating several or many separate and 
rounded lung densities varying in size up to 30 mm in diameter. "  

"miliary pattern (nodules) . . .  a collection of tiny discrete pulmonary opacities 
that are generally uniform in size, widespread in distribution, and each of 

which is 2 mm or less in diameter. "' 

TWO SCENARIOS 

Scenario 1 :  A CXR shows mu lt iple nodu les . I t  i s  h igh ly l i ke ly that the patient's 
c l i n ical h istory w i l l  suggest the l i kely diagnosi s . Examp les: 

• A young intravenous drug addict . . .  l ung abscesses. 

• A h istory of rena l  carc inoma . . .  metastases. 

Scenario 2: The c l i n ica l presentation does not provide an obvious c lue to the 
l i ke ly  d iagnosis .  We need to remind ourselves of: 

1 .  The poss ib le causes of mu ltip le pu lmonary nodu les 
(Table 2 1 . l ) . 

2 .  Speci fic radiographic features that w i l l  suggest e ither: 
(a) the l i kely d iagnosis; or (b) a snappy- but l im ited 
d ifferent ia l  diagnosis .  

Figure 21 .1 (a) Multiple 
pulmonary nodules. The size 
of the nodules usually vary. 
Strictly speaking, a nodule 
has a maximum diameter of 
30 mm. Above 30 mm an 
opacity is conventionally 
referred to as a mass. Some 
descriptive flexibility is 
accepted, particularly if 
most of the lesions are less 
than 30 mm in diameter. 
(b) Opacities outside the 
lung can simulate pulmonary 
nodules. These include 
healing rib fractures ( 1 ), old 

�---------� '---��---------' rib fractures (2), and pleural 
plaques (3). 
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CAU SES O F  M U LTIPLE NODU LES 

A CXR showing c l i n ica l l y unexpected nodu les i s  unusua l .  The defau l t  d iagnosis 
is  metastat ic d i sease. In most instances the c l i n ical h istory and exam i nation w i l l  
indicate whether an a l ternat ive d iagnosis i s  l i ke ly. 

Table 2 1 .1 Causes of mul tiple pul monary nodules2-6. 

Inflammatory I 
I nfective 

Neoplastic 

Autoimmune 
disease 

Vascular 

Other 

Granu lomas 

Septic embo l i / l ung abscesses' 

Fungal pneumonia 

T ubercu Iasis 

m i l (ary 

bronchopneumon ia 

Chickenpox pneumonia 

Metastases3-6·8 

Bronch ioloalveolar cel l  carcinoma 

Lymphoma 

Kaposi's sarcoma 

Mycosis fungoides 

Rheumatoid nodules 

Wegener's granulomatosis9 

Arteriovenous malformations 

Pulmonary infarcts 

Sarcoidosis 

S i l icosis 

Langerhans cel l h istiocytosis (granu lomatosis) 

Table 2 1 .2 Traps'0: s imu lated pul monary nodules. 

N ipples 

M u lt iple cutaneous lesions 

Subcutaneous lesions 

.J e.g. cysticercosis 

Pleural plaques (asbestos related) 

Bone is lands in the ribs 

Hea l i ng rib fractures 

Electrocardiogram electrode pads 



� PART B: CLINICAL PROBLEMS 

N O D U LES - CX R  FEATU RES 

Part icu la r  appearances wi l l  suggest a fa i rly l i m i ted d ifferent ia l d iagnos i s 
(Tab le 2 1 . 3 ) .  

Table 2 1 .3 Features and potential diagnoses. 

Morphology 

Calcified nodules 

Miliary nodules 

"having the 
appearance of 
m i l let seeds" 

Cavitating nodules 

Beware 

The possibilities 

Tuberculous granu lomas 

Histoplasmosis 

Previous chickenpox pneumonia 

Coccidioidomycos is 

Metastases 

osteogenic sarcoma, chondrosarcoma 

Mitra l  stenosis with long standing elevated pu l monary 
venous pressure 

Dust inha lation diseases. S i l icosis 

Infection 

.J tubercu losis, h istoplasmosis 

Metastases 

thyroid or breast carcinoma, mel a noma, 
choriocarcinoma 

Sarcoid 

• S i l i cosis 

Abscesses 

.J Staphylococcus, Klebsiella, Streptococcus, 
tubercu losis, funga l infection 

hydatid disease 

• Metastases 

squamous cel l carcinomas, sarcomas 

Areas of i nfarction 

Rheumatoid nodu les 

Wegener's granu lomatosis 

Focal l ung contus ions 

Imposters-Not cavitation 

.J multiple smal l bu l lae 

.J cystic bronch iectasis 
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N O D U LES - A  R U LE O R  TWO 

Severa l usefu l ru les of thumb can be appl ied (Tab le 2 1 .4) .  

Table 2 1 .4 Particu lar  pathologies-CXR features. 

Pathology Features 

Metastases Margins are usua l ly  wel l -defined 

Occasiona l ly  i l l-defined: choriocarci noma 

Abscesses I l l-defined margins 

Edges may become harder and sharper when 
treated with antibiotics 

Rheumatoid nodules Can disappear spontaneuosly and later reappear 

Reappearance may be in different positions 

Figure 2 1 .2 Multiple nodules. 
Metastases from a renal cell carcinoma. 
The appearances are typical of 
metastases - rounded lesions with fairly 
well-defined margins. 

Figure 2 1 .3 Multiple nodules. Male. Age 
38. Intravenous drug user. Endocarditis. 
Lung abscesses. Two of the nodules are 
cavitating (arrows). 

Figure 2 1 .4 Multiple small nodules. Some are much smaller than 10 mm but are readily 
visible. This suggests that they are calcified. Indeed, they do contain calcification as shown 
on the CT section (arrows). Secondary tumours from a primary osteogenic sarcoma. 
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Figure 2 1 .5 Multiple miliary nodules. 
Tuberculosis. These very small densities 
(2 mm diameter) are visible because 
the lung interstitium has hundreds I 
thousands of exceptionally tiny lesions 
superimposed one in front of another. 

Figure 2 1 .6 Male. Cavitating nodules. 
Metastatic lesions from a primary tumour 
of the larynx. Metastases that cavitate are 
usually squamous cell lesions: in men, 
frequently a head and neck primary tumour; 
in women, often carcinoma of the cervix. 

I NTERESTING NODU LES -CH ICKEN POX I NFECTION ' '  

Aetiology I pathology 

H ighly infectious v i ra l  i nfection (varicel la) .  Spread by droplet i nfection / ruptured skin 
lesions/contact with herpes zoster. 

Clinical features 

Chi ldren are most commonly affected and it  is  then a relatively m i ld i l l ness. I nf ted 
adults can be very i l l .  Characteristic rash appears centra l ly starting on the trunk and 
spreads centrifuga l ly. I n  adults, chickenpox pneumon ia may occur; it is  a very rare 
compl ication in ch i ldren. Pneumonia can be debilitating and occasiona l ly fata l, 
particularly in immunocompromised individua ls. 

The CXR 

Chickenpox pneumonia: 

Extensive, diffuse, i l l -defined, a i r  space shadowing. 

Subsequently: development of mul tip le ca lcified nodules in the lungs. 
In terest ingly, an adult with chickenpox may subsequent ly develop ca lcified 
nodules whether or not pneumonia has compl icated the i l lness. 

The ca lcified nodules are characteristica l ly: 

Scattered-mainly in the mid and l ower zones . 
...J Smal l - less than 3 mm in diameter. 
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S U S PECTED CO PD 

Chronic obstructive pulmonary disease (COPD): Disease characterised by the presence 
of a i rflow obstruction due to either chronic bronchit is or emphysema . 

Chronic bronchitis is defined clinically: A chronic productive cough on most days 
of the week for three months of the year in each of two success ive years in a patient 
in whom other causes of chronic cough have been excluded. 

Emphysema is defined anatomically: Abnormal permanent en largement of ai r 
spaces dista l to the termi na l  bronchioles, accompanied by destruction of the 
a lveolar wal ls but without obvious fibrosis. 

Table 22.1  Avoid terminological confusionsH 

Term 

Obstructive 
pu lmonary 
d isorders 

COPD 

Compensatory 
emphysema 

Includes I represents 

Asthma 

Chronic bronchitis 

Emphysema 

Bronchiectasis 

Cystic fibrosis 

Chronic bronchitis 

Emphysema 

Airspace d i latation 
( i .e. i ncreased i nflation) in 
response to loss of volume 
elsewhere in the lung 

Notes 

D iseases that are characterised 
by a reduction in expi ratory 
a i rflow 

The term COPD is l i mited 
to these two diseases 

• In some patients both 
d iseases co-ex ist 

• Very different to 
(COPD) emphysema 

• No destruction of 
alveolar wa l ls 

Exampl e: compensatory 
emphysema of an upper 
lobe when there is total 
col lapse of the lower lobe 
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CXR F I N D I N G S  I N  COPD 

GENERAL 

• COPD i s  usua l l y  suspected c l i n ica l ly. The d iagnos i s  is  confirmed by 
spi rometry demonstrating a i rflow obstruction that i s  not fu l l y  revers ib le .  
The CXR has a l i m ited role  i n  d iagnosi s  but can be usefu l :  

.J To excl ude other causes for the patient's symptoms . 

.J To assist i n  the management of a patient with known COPD whose 
c l i n ica l  status shows an acute deterioration . 

• Even with extensive pathological changes (COPD) or severe c l i n ica l  
symptoms the CXR may appear norma l - pa rticu l ar ly if  the dom i nant  
d isease process is chron ic bronchit is .  

• Caution ( 1  ) : l a rge volume l u ngs a re not necessa r i l y  i nd icative of over
i nflation2. They can occur  i n :  

.J hea lthy, wel I conditioned, young peop le 

.J ta l l  people 

.J opera s i ngers 

.J some athletes 

• Caution (2 ) :  be carefu l about making a diagnosi s  of COPD on the CXR 
a lone without support i ng c l i n ical evidence. 

Figure 22.1  Elderly female. Severe 
clinical and spirometry-confirmed 
COPD. The CXR is entirely normal. 
This is the most common CXR 
finding. 

Figure 22.2 Elderly male. COPD. 
Abnormal CXR. The domes of lhe diaphragm 
are low and flat; large bullae in both upper 
zones; narrow, vertical heart. (Incidental 
and unrelated-the right hi/um is pulled 
upwards and laterally by scarring from a 
previous infeclion involving lhe upper lobe.) 



{ 2ij] PART B: CLIN ICAL PROBLEMS 

CHRONIC BRONCH ITIS 

• The diagnosis of chron ic bronch i t i s  i s  made c l i n ica l ly on the basis of wel l
defi ned and internationa l l y  accepted features. The CXR appearance may be 
normal or there may be abnorma l i ties wh ich are very subtle or non -specif ic 
(Table 22 .2 ) .  

• The pr inc ip le role  of  the  CXR is i n  he lp ing to  excl ude di seases that can 
c l i n i ca l l y  m im ic  chron ic bronchi t i s2. These i nc lude tubercu los i s, carcinoma, 
bronch iectasis and l ung abscess. 

Table 22.2 CXR features in chronic bronchitis. 

Symptoms CXR 

Mild to moderate Normal 

Severe In most patients the CXR remai ns normal 

A few patients show non-specific findings : 

Over-inflation -genera l ised 

Thickened bronchial wal l s: 

- peribronchia l  cuffing (Fig. 22 .3) 

- para l lel tubular  shadows 

Figure 22.3 The anatomical changes 
that explain peribronchia/ cuffing which 
is very occasionally seen in some 
patients with chronic bronchitis. The 
cuffing appearance is due to thickened 
bronchial walls seen en face on the CXR. 

Areas of o l igaemia ( i .e. decrease in width of 
visible pu lmonary vessels  ind icating reduced 
blood flow) 

Saber sheath ( U K: sabre sheath) trachea' 

Figure 22.4 Chronic bronchitis. Normal 
CXR. This is the most common appearance. 
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EMPHYSEMA 

• The CXR is frequently norma l .  In some patients the CXR appearances are 
very abnorma l .  

• A low d iaphragm does not o f  itself i nd icate emphysema.  Over-i nflat ion of 
the l u ngs due to emphysema should only be assumed when a dome of the 
d iaphragm i s  both low and flat (Fig. 22  .5 ) .  

Table 22.3 CXR features in emphysema. 

Disease severity 

Mild to moderate 

Severe 

CXR2-9 

• May appear normal 

• Areas combin ing hyperlucency (blackness) and fewer 
vessel markings 

• A low, flat dome of the diaphragm is very suggestive 

Flat: h ighest level of a dome is less than 1 .5 cm above 
a l i ne drawn between the costophrenic and the 
cardiophrenic sulci  (Fig. 22 .5 )  

• Vascular changes (see p. 286) 

• B u l lae 

Saber sheath trachea 

Other signs . . .  are subjective and unrel iable 

Figure 22.5 Over-inflated lungs. Low domes of the diaphragm are not necessarily 
abnormal. It should only be assumed to indicate COPD if the domes are both low and 
flat. On a PA CXR a flat dome is one in which its highest point is less than 7 . 5  cm above 
a line connecting the costophrenic and cardiophrenic angles2. On a lateral CXR a flat 
dome is one in which the diaphragmatic peak is less than 7 .5 cm above a line joining 
the sternophrenic and posterior costophrenic angles2. Note the enlarged retrosternal air 
space -on the lateral CXR- a  regular finding in COPD when over-inflation is present. 
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Vascular changes 

Widespread emphysema may show the fol lowing abnorma l appearances: 

• A narrow, vert ica l ,  centra l l y  situated heart. The explanation : over- i nflat ion of 
the l ungs causes the d iaphragm to be low. Because the per ica rdiu m  a n d  the 
superior su rface of the diaphragm a re adherent, the heart i s  pu l led i nferiorly 
by the over- i nf lat ion. Consequently its transverse d iameter appears narrow. 

• The h i la r  vessels are prominent '0. Th i s  is because there i s  l ess card iac 
shadow overlap, or because the vessel margins at the h i  I u m  are sha rply 
defined by the hypertransradiant over-d i stended adjacent a i r  spaces, or 
because the pu l monary a rteries are actua l l y  en larged due to seconda ry 
pu l monary arter ia l  hypertens ion . 

• The vessel s  extending outwards i nto the l u ngs appear th i nner or have a 
sma l ler  d iameter than is usua l .  Th i s  periphera l  narrowi ng is i n  marked 
contrast to the very promi nent h i la r  vessels .  There may a l so be fewer vessel s 
in affected areas (F ig. 22 .6) .  

Bullae 

• A bu l l a  is a th i n-wal led a i r-fi l l ed structure measur ing more than 1 cm i n  
d iameter. I t  represents a di stended pu lmonary lobu le o r  group of lobu les .  
Sometimes bu l l ae  are very la rge (5-20 cm in  d iameter) and are the resu l t of 
groups of disrupted a lveol i coa lescing. 

• Don't be surpri sed if a bu I la d i sappears . Th is does happen -ei ther 
spontaneous ly  or  fol lowi ng i nfection . 

• 
Figure 22.6 EmphysemaLDus area in the 
mid zone of the right lung. Compare the 
fewer and narrower vessels in the affected 
area with the appearance of the vessels a t  
the same site in the normal left lung. 

Figure 22.7 COPD. Severe emphvsema. 
Low, flat diaphragm. Large main pulmonary 
arteries resulting from pulmonar)I arterial 
hypertension. 



SUSPECTED COPD [iii7) 

Saber sheath trachea (UK: sabre sheath trachea) 

When a saber sheath appearance is present it is  a re l i ab le and sensit ive s ign 
of COPD. A saber sheath configuration is evident when the i ntra thoracic 
coronal  d iameter of the trachea i s  two-th i rds of the saggital diameter or  l ess, 
when measured 1 cm above the superior aspect of the aortic arch4. The preci se 
mechan ism causing th i s  tracheal appearance rema i ns specu lative. This s ign may 
appear in ch ron i c  bronchitis or emphysema (F igs 2 2 .9 and 2 2 . 1 0) .  

Figure 22.8 Emphysemalous bullae. Mulliple ring-like shadows i n  all zones of bolh lungs. 
The CT confirms the presence of bu/Jae. 

Figure 22.9 Saber sheath trachea in 
COPD. The narrowing is limited lO the 
intra thoracic part of the trachea. A saber 
sheath appearance exists when the coronal 
diameter of the lrachea is two thirds of the 
sagittal diameter or less . . .  measured 7 cm 
above the aortic arch4. Precise assessmenl 
requires a lateral as well as a PA CXR. 
Nevertheless, the lracheal narrowing is 
usually evident on the frontal CXR. 

Figure 22.1 0 Saber sheath trachea in 
COPO. 
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KNOWN COPD: I N D ICATIONS FOR A CXR 

A CXR is on ly occasiona l ly necessary duri ng an acute exacerbation (Tab le 2 2 .4) .  

Table 22.4 Ind ications for a CXR. 

Patient with known COPD 

Acute exacerbation 

I 
No additional worry ing c l in ical features 

I 
CXR not indicated 

Figure 22.1 1 COPD. Unexpected 
clinical deterioration. A pneumo
thorax is present. The visceral 
pleura (arrow) is visible. 

Acute exacerbation 

I 
Unexpected deteriorat ion, 

or confusng c l in ical features 

I 
CXR indicated 

Exclude pneumothorax 

Exclude superimposed pneumonia 

Figure 22.1 2 COPD. Acute exacerbation 
with confusing clinical fea tures. The CXR 
reveals an extensive pneumonia in the left 
mid zone. (NB: this is the same patient as 
shown in Fig. 22. 2) 
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FACTS AND F I G U RES 

The differential  d iagnosis in  a patient with c l i nical symptoms suggesti ng COPD 
w i l l  include asthma, bronchiectasis, cystic fibrosis, left heart fai l u re, interst i t ia l  l ung 
disease, and upper a i rway obstruction. 

Chronic bronchitis.  The pathological changes: mucous gland enlargement, 
i nflammation, and bronch ia l  wal l  thickening. Airflow l imitation resu l ts from the 
deformity of the bronchia l  wa l l s  and narrowing of the lumina.  

Recognised causes of  emphysema are: cigarette smoking, a lpha 1 -antitrypsin 
deficiency, intravenous drug abuse (cocaine, heroin, methadone), immune 
deficiency syndromes ( inc luding HIV infection). 

Emphysema. Autopsy studies have shown that emphysema can involve as much 
as 30% of the l ung tissue, and yet an individual may not have had any respi ratory 
symptoms during l i fe5. 
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S U SPECTE D  ACUTE 
PU LMONARY EMBOLISM 

Pulmonary embolism (PE): Obstruction of a pu l monary a rtery by a thrombus. 

Pulmonary infarction: An area of tissue i njury resu lt ing from occ l us ion of a 
vesse l - most commonly by an embolus. The i nj ury may 
cause oedema and /or haemorrhage. It does not a lways 
resul t  in necrosis of l u ng tissue. 

The c l i n ica l  d iagnosis of a PE can be very difficu lt .  The symptoms and s igns 
are varied and diverse, and none are diagnostic 1-1 . The CXR has no role to 
p lay i n  mak ing a defi n i tive d iagnosis of PE.  However, i t can be usefu l i n :  

...J Exc l ud ing some other causes for the patient's symptoms . 

...1 Support ing ( i .e .  lending weight to) the c l i n ical suspicion of PE . 

...1 Help ing to decide wh ich i nvestigation shou ld be performed next. 

Continu i ng advances in mu ltidetector CT scann ing technology have 
estab l i shed CT pu lmonary angiography (CTPA) as the optimum imagi ng test 
for confi rm i ng or excl ud i ng a PE4•5• The present generat ion of CT mach i nes 
are able to obta i n  very th i n  sections through the ent i re thorax i n seconds. 
Estab l i sh i ng the precise accuracy of CTPA as a d iagnostic test i n suspected 
PE is d ifficu l t  because mean i ngfu l research is constrained by the absence 
of a gold standard .  Current ly, the accepted view is that imaging carried out 
with high qua l i ty CTPA is very accurate. 

What about D-d imer? 

"0-dimer assays are commonly used as part of the screening assessment  for 
pa tients with suspected venous thromboembolic disease (VTE) . The assay 
results are best interpreted in conjunction with a formal clinical probability 
score. As 0-dimer levels may be raised in many acute medical conditions, 

the clinical consensus is that the only useful 0-dimer assay is a nega tive 
result as that has a high negative predictive value for VTE. "6 

The u nrel i ab i l ity of c l i n ica l assessment i n  providing a defin i t ive d iagnosis of 
PE, together with the plethora of d iagnostic tests5-10, can lead to co fusion 
and errors 1 1 •  Pre-test probabi I ity assessments ut i  I i s ing c l i n i cal pred ict ion 
ru les (see Chapter 1 7) have helped to br ing d i rection to the rationa l se lection 
and use of the ava i lab le d iagnostic testsV. 
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I NVESTIGATION O F  SUSPECTED AC UTE PE 

Th i s  two-step approach i s  based on the Brit ish Thoracic Soc iety 2003 
Gu ide l i nes2. 

STEP 1 

Cl i n ical  r i sk stratificat ion - ask two c l i n ical questions: 

1 .  Is another d iagnosi s  genu i nely un l i kely? 

The CXR and electrocardiogram fi nd ings may be helpfu l in suggest ing 
other poss ib le causes for the signs/ symptoms. 

2. I s  there a major r isk factor for PE? 

Examp les: recent immobi l i ty, major su rgery, lower l imb trauma or su rgery, 
pregnancy, post partum, major medical i l l ness, previous proven venous 
thromboembol i sm.  

STEP 2 

If 1 )  and 2) answer NO 

If either 1 )  or 2) answer YES 

I f  both 1 )  and 2 )  answer YES 

= low cl in ical probabi l ity of PE = intermediate c l inical probabi l i ty = high c l inical probabi l ity 

The c l i n ical probabi l ity now determ i nes the next i nvestigation . 

H igh cl in ica l  probabi l ity -+ proceed straight to CTPA 

I ntermediate or low c l in ical probabi l i ty -+ perform a D-dimer test 

D-dimer positive -+ proceed straight to CTPA 

D-dimer negative: consider an a lternative diagnosis and discharge 
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IS TH ERE A ROLE FOR I SOTOPE VQ SCA N N I N G? 10• 72 

"PE is often misdiagnosed-partly due to over-reliance on the ven tilation 
perfusion (VQ) scan. It is important that clinicians continue to be aware 

of the limitations of the VQ Scan"w 

• Remember-the CTPA remains the opt imum imaging i nvestigation . 

• However, a VQ scan can be ut i l ised if: 

1 .  The patient does not have known underly ing cardio-resp i ratory d isease. 

2. The CXR is norma l .  

3 .  The V Q  find ings a re i nterpreted i n  conj unction wi th the level of c l i n ica l  
probabi l ity (p. 291 ) .  

• The next steps to be adopted a re: 

.J Norma l  VQ -STOP . 

.J Any other resu l t-proceed to CTPA. 

THE ROLE OF THE CXR 

The CXR has  an important part to  p lay i n  the  diagnostic pathway out l i ned on  
p. 2 9 1  - spec ifica l l y  i n  step 1 .  

THE MAJOR ROLE 

To excl ude conditions which can m imic the c l i n ical featu res of PE. These 
i nc lude: 

• pneumothorax  

• r ib  fracture 

• left heart fa i l u re 

• pneumonia . . .  but  a lways be carefu l of making a diagnosis of pneum n ia if  
lung consol idat ion i s  not assoc iated with a fever and mucky sputum 

A LESS IMPORTANT ROLE- BUT OCCASIONALLY USEFU L 

An abnormal CXR (Table 2 3 . 1 ) may add strength to the c l i n ica l suspic ion that a 
PE has occu rred. This fol lows from the PISA-PED study which found that most 
patients with proven PE had an abnormal ity on the CXR3• 1 1 •  Adm ittedly, most of 
these abnorma l i ties are m i nor and non-specific (Table 2 3 . 1  ). 
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Table 23.1 CXR appearances in  acute PE3· "· 12 

Acute PE A completely normal CXR occurs in  less than 20% of cases 
without infarction 

(90% of affected 
patients) 

Acute PE 
with infarction 

(1  0% of affected 
patients) 

-3 

When abnormal the CXR findings (Fig. 2 3 .  l )  are commonly 
minor and non-specific- includ ing: 

...J smal l areas of l i near co l lapse 

sma l l  areas of consolidation (i .e. a lveolar shadowing) 

...J smal l  pleura l effusion 

s l ight elevation of a dome of the diaphragm 

...J prominent main pul monary a rtery 

U n i l ateral hypertransradiancy ( i f  focal - the Westermark 
sign) does occur, but i t  is very rare 

The CXR is  i nvariably abnormal  

A spectrum of findings - including: 

...J minor abnormalities such as smal l  areas of l i near 
co l l apse or a sma l l  pleural effusion 

an area of consolidation (very s imi la r  to pneumonic  
consolidation; i t  represents haemorrhage/oedema) 

.J a large effusion 

...J consolidation and an effusion 

Figure 23.1 The CXR is 
frequently abnormal in PE
but the changes are usually 
minor,,_ Some of these 
non-specific changes are 
illustrated: 7 = linear areas 
of collapse; 2 = small area 
of consolidation; 3 = small 
pleural effusion; 4 = elevated 

'-----------------------� dome of the diaphragm. 
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THE CXR A N D  TWO OVER-STATED S IGNS 

Two CXR  s igns re lat ing to  acute PE a re frequent ly emphasised . You may regard 
u s  as d istrustfu l and cyn ica l ,  but we prefer to see ourselves as st reetwise when 
advi s i ng that you do not pl ace too much weight on the presence or absence of 
either of these two signs. 

THE WESTERMARK SIGN 

• Th i s  is  a hyperl ucent area of  l u ng on the CXR due to  reduced l u ng perfus ion 
dista l  to an obstructed vessel .  Be very carefu l .  P lac ing too much re l i ance 
on an a rea of hyper lucency in these i l l patients is  usua l l y  unwise. Areas of 
local (or even whole l u ng) increased transrad iancy (see pp. 2 54-2 63 ) can be 
produced by: 

.J patient rotation (Fig. 2 3  .2 )  

...J decenter i ng of the x-ray beam (F ig. 2 3 .3 )  

.J differing amounts of chest wa l l  compression aga inst the cassette 

.J foca l  area of emphysema 

.J asymmetry of chest wal I musculatu re 

• A hypertransradi ant hemithorax is common in cl i n ica l pract i ce. I n ou r series, 
35% of normal CXRs i n  people aged 50 years and older showed evidence of 
hypertransradiancy (see Chapter 1 6, p. 243 ) . 

Figure 23.2 West rmark 
sign ? Be careful. Elderly 
female. Dyspnoeic. A PE is a 
clinical possibility. The right 
lung is hypertransradiant 
(blacker than the left lung) . 
We need to be cautious and 
not too quick to call this the 
Westermark sign of PE. Two 
technical factors are causing 
the blackening on this CXR: 
( 1) rotation to the right; 
(2) lateral decentering of 
the x-ray beam to the right 
side . . .  this is evident from the 
increased definition of the 
scapula and soft tissues on 
the right side as compared to 

�-----------------__J the left side. 



SUSPECTED ACUTE PULMONARY EMBOLISM 13%1 

HAMPTON'S H UMP S IGN 

Figure 23.3 Westermark sign ? B e  very 
careful. Middle-aged female. Intermediate 
clinical probability of a pulmonary embolus. 
The right lung is hypertransradiant (blacker) 
compared with the left lung. Two technical 
factors are contributing to this: 
( 7) lateral decentering of the x-ray beam; 
(2) asymmetric compression of the chest 
wall soft tissues on the right side. The VQ 
scan was entirely normal. 

Th is is the term given to what is often c la imed to be the typ ica l  featu res of l ung  
shadowing resu l t i ng from a pu lmonary i nfarct. Hampton's hump i s  a wedge 
shaped dens i ty with its base aga inst the p leural su rface and a rounded med ia l  
margin di rected towards t he  h i  I um.  We have two reservations- part icu lar ly i f  
on ly  a frontal CXR i s  ava i lable :  

• A lobar pneumon ia can produce an ident ica l  appearance. 

• On a frontal CXR a centra l ly s i tuated densi ty, seemingly wel l  away from the 
p leura, wi l l  not show the features of Hampton's hump ( Fig. 2 3 .4). However, 
the density cou ld  sti l l  be based aga i nst the p leura, either periphera l ly i n  the 
l ung or  aga i nst a fissure.  A lateral CXR may then revea l the characterist ic 
featu res of Hampton's hump.  

Figure 23.4 Why n o  hump? The lung shadow produced b y  an infarct is situated centrally 
in the right lung. On the frontal view ii has no distinguishing features, i. e. no HamplOn 's 
hump features. Only when a lateral CXR is obtained is it seen that the shadow is actually 
based against the pleura (the oblique fissure) - i.e. it fulfils a Hampton 's hump criterion. 
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FACTS AND F IGURES 

The fol lowing are approximations1-1. Of patients with PE: 

90% a re tachypnoeic 

70% are dyspnoeic 

70% compla in  of chest pain 

1 3% have haemoptysis 

< 20% of elderly patients have the classic combination of dyspnoea, chest pain,  
and haemoptysis 

1 4% have a fever without any other ident ifiable cause for a pyrexia 

70% have no c l inical  signs of a deep vein th rombosis 

50% are shown to have lower l imb thrombus on u l trasound exami nat ion of the 
lower l imb veins 

• 3 0-40% morta l ity if untreated 

8% morta l ity if treated 

Death resu l ts from acute pul monary hypertension causing right heart fai l u re and then 
circulatory col lapse. 

AN I NTERESTING CONDITION - FAT EMBOLISM73 

Aetiology I pathology 

A compl ication fo l lowing fracture of a long bone, extensive soft tissue i nj ury, or severe 
burns. Fat globu les can enter the venous system (thence to the l ungs) or the arteria l  
system. I t  probably occurs - i n  a m i ld form-more frequently than is d iagnose 

Clinical features 

Fat reaches the pul monary arteries and causes dyspnoea, hypoxia, haemoptysis, 
chest pain.  Fever and/ or circulatory col lapse can occur. 

• Fat in  the systemic arteries causes: confus ion, coma, coagu lopathy with skin 
petechiae, fat globu les in  the urine. 

The CXR 

The changes are main ly those of  haemorrhagic pu l monary oedema, either an a lveolar  
or i nterst i t ia l  pattern, as a resu l t  of a chemical pneumonitis. The alveolar densities are 
commonly periphera l and basa l .  The shadows usua l ly  appear 24-72 hours after the 
trauma and clear within 7-28 days. 
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2 4  S U S PECT E D  

AO RTIC D I SS ECTI O N 

Aortic dissection: 

Occasiona l l y  the term dissecting aneurysm is used. Th is is  i naccu rate term inol ogy. 
It is more correct to refer to the lesion as a dissecting haematoma. 

B lood enters the aortic wal l  through a tear and dissects between the i nner and 
middle layers ( intima and media). The haematoma then tracks for a variabl 
d istance a long the length of the aorta. Side branches supplyi ng the major organs 
can be occluded. 

Most dissections occur in the sixth or seventh decade. 

70-90% of patients are hypertensive or have a h istory of hypertension.  

Mortal ity i s  h igh.  U ntreated, approxi mately 75% of patients with a dissection 
involving the ascending aorta wi l l  die with in two weeks '. 

Aortic d issection is two to three times more common than a rupture of a thoracic 
or abdominal aortic aneurysm. 

TWO DIAGNOSTIC PRIORITI ES 

1 .  To determine whether a patient with chest pa in  has an aorti c d issection .  
The phys ic ian 's working diagnos is  i s  establ ished primari ly by  t he  c l i n i ca l 
features. Then, the CXR fi nd ings wi l l  often a l ter the phys ic ian 's pre-test 
probab i l ity est imate (see Chapter 1 7, p. 249) of a dissect ion being present .  

2 .  I f  the post-test probabi l i ty of a d issection remains  h igh or med ium then it i s  
essentia l  that the  preci se type of  d i ssection ( i f  confirmed) is demonstrated, as 
this w i l l  determ ine  further management. The type of dissect ion is estab l i shed 
by CT, MRI or transoesophageal echocardiography. 

C LASSI F I CATIONS 

Aort ic d issections are c lass ified anatomica l ly. There a re two main  cl ass i fi cations :  
the DeBakey c lassif ication and the Stanford c lassi fication . We descr ibe the 
Stanford c l assification as it is  cu rrently the one that i s  most common ly used. 
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D I SSECT I O N :  TYPES A N D  C L I N I CA L  MANAG EMENT 1-10 

The Stanford Class ification d i st i ngu i shes between: 

Type A Dissection: Any dissect ion i nvolv ing the ascend ing aorta. These 
requ i re surgica l management. 

Type B Dissection: Dissect ion I im i ted to the aorta d i stal to the left subclavian 
artery. The ascending aorta is spared . These requ i re 
medica l  management with ant i hypertens ive med icat ion. 

Stanford Type A 

Figure 24.1 Classification. 
Aortic dissection. Stanford 
Type A involves the 
ascending aorta. Stanford 
Type B spares the ascending 
aorta. Note: interventional 
radiology stenting has 
recently been introduced 
as an alternative strategy 

Stanford Type B to conservative medical 
�-------------------� management. 
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H OW CAN TH E CXR H ELP? 

The CXR appearance can assist i n  i nf luencing the physic ian 's in i tia l est imate 
of the l i ke l i hood of a d issection bei ng present- i .e .  it impacts on the post-test 
probab i l ity of aortic d issection (see Chapter 1 7, p. 249). 

• Approximately 1 2% of patients with an acute dissection wi l l  have a 
norma l  CXR1 •  

I n  88% of  patients with an acute dissection 1 ,  one or more of  the fol low ing 
fi ndi ngs w i l l  be present: widened mediasti num; abnorma l aort ic knuck le; left 
p leura l  effusion; pericard ia !  effus ion. 

Widened mediastinum 1• 1 1- 14 

Most important ly-whenever possib le, compare p resent and previous CXRs. 
This is  the most re l i ab le way of confi rm i ng whether med iastina l widen ing 
is due to a d i ssect ion.  Comparison may show that mediastina l widen i ng 
i s  longstand ing and l i kely to be clue to s imple age rel ated unfold ing of the 
aorta, or that mediasti na l  widen ing is new. 

• Widening of the med iasti num in a patient with a suspected aortic d issection 
has a h igh sensit iv ity (8 1 -90%) but a low specifici ty. 

• The mediasti num en larges to the right with a d i ssection of the ascending 
aorta and to the left with a di ssection of the descending aorta. 

• The 8-cm ru le2. Th is is  a rough ru le of thumb: on a portab le AP CXR a 
widened mecl iasti num is one that exceeds a d iameter of 8 cm at the level of 
the aortic arch .  

• The overal l  level of c l i n ica l  suspicion i s  dec is ive. With a low level of 
c l i n ica l  suspic ion, comparison with previous CXRs wi l l often provide 
suff ic ient reassurance that a dissection has not occurred. On the other 
hand,  a h igh pre-test probabi l ity for di ssection together with a widened 
mediast i num on the CXR w i l l  lead to a defin i tive cross-sectiona l 
i nvest igation (as i 11 ustratecl in Table 1 7 . 1 ) . 

Abnormal aortic knuckle . . .  and calcification 1 1 

• The aort ic  knuckle may be widened or show a bumpy or humped 
appearance. 

• A useful rule of thumb: I f  ca lc ification with in  the aortic wal l  is disp l aced 
from the outer aortic margin by 1 .0 cm or more . . .  then the probabi l ity of 
a dissection is h igh.  Th i s  ru le becomes most usefu l if a l atera l CXR shows 
absence of ca lc i fication i n  the anterior or posterior aortic wa l l (F ig .  24.2) .  

• Th i s  calc ium sign requ i res caut ion. Apparent displacement of i ntima l 
ca lc ification from the outer margin of the ascending aortic wa l l on the 
frontal CXR can be m i s leading and spurious. The calc ificat ion may be i n  
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the descend i ng aorta. I n  other words, calc ification that appears d i sp l aced 
i nwards from the latera l wa l l  of the ascending aorta may actua l l y  be 
und isp laced and posit ioned on the posterior wa l l  of a normal descend i ng 
aorta (as i l l ustrated i n  Fig. 24 .3 ) .  

Left pleural effusion 

An effusion i s  present in approx imately 1 6% of patients with a d i ssect ion .  

Pericardia! effusion 

A large globu la r  shaped cardiac s i l houette may be apparent. Th is is very bad 
news. It suggests that the d i ssection extends to the aort ic  root. These patients 
often die from a cardiac tamponade or coronary ischaem ia .  

Frontal 

Frontal 

Lateral Figure 24.2 Intimal 
calcification. On the frontal 
projection the calcification 
appears to lie more than 
1. 0 cm from the outer margin 

of the aorta. The lateral 
projection does not show 
any intimal calcification 
either anteriorly or 
posteriorly. This appearance 
provides strong support for 

L_L-------�---'-------'._._, the diagnosis of dissection. 

Lateral Figure 24.3 Intimal 
calcification. On the frontal 
projection the calcification 
appears to lie more than 
1 . 0  cm from the outer margin 
of the aorta. However, the 
lateral projection shows that 
the calcification is situated 
posteriorly. This is not 
evidence of a dissection . . .  the 
aortic arch is unfolded and 

��-----��-�--�u the posterior calcification is 
(misleadingly) projected over 
the medial wall on the frontal 
view. 
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NO C H EST PAI N - BUT THE CXR APPEARANCE IS WORRY I N G  

I t  i s  common for CXRs i n  middle-aged o r  e lderly people to show a w idened 
mediast i num, because the aortic arch gradua l ly unfolds as we get older. But  i s  
the  widening i n  a particu l a r  patient due  to  s imple aortic unfold i ng, to a Stanford 
Type A dissect ion . . .  or to an aneurysm of the ascend ing aorta? 

• Usua l ly, the widening w i l l  be due to age rel ated aortic unfold i ng . 

• Analys is  of the CXR appearance wi l l  often provide the necessary reassurance 
that it i s  unfo ld ing on ly (F igs 24.4 and 24 .5 ) . If there is any pers ist i ng doubt 
then a lateral CXR w i l l  provide addit iona l support. 

• Compar i son with a previous CXR is mandatory if one is ava i l able.  

• A combination of the c l i n ica l  h i story, cl i n ical examination, and CXR ana lys is 
wi l l  a lmost a lways remove any worries. 

(a) 

1----------+-----------1 Figure 24.4 A widened 
mediastinum at the level 
of the aortic arch may be 
vascular and due to either 
age rela ted unfolding of the 
aorta (b), aortic dissection 
( c) or an aneurysm ( d). 
A normal aorta - no 
unfolding- is shown in (a). 
Age rela ted unfolding of the 
ascending and descending 
aorta from early middle age 
is a common CXR finding. 
Any unfolding will appear 
exaggerated, and often 
worrying, on an AP CXR 
because of the magnification 

�---------�---------� effect. 
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Figure 24.5 Four patients, all middle-aged or elderly. Patient (a): age related aortic 
unfolding. Patient (b): the aortic shadow at the level of the ascending aorta and aortic 
arch is prominent in this patient who presented with tearing chest pain. Stanford Type 
A dissection. Patient (c) : the aortic arch and the proximal descending aorta are very 
prominent and due to aneurysmal dilatation. Patient (d) : a normal aortic outline-no 
unfolding. The amount of age related unfolding of the thoracic aorta shows a wide 
variation in middle-aged or elderly individuals - compare the CXRs of patient (a) and 
patient (d). Furthermore, in an elderly or frail patient, rotation (see patient a)  is often 
present and will exaggerate any unfolding. 
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CLI N I CA L  SYNOPSIS:  ACUTE CH EST PAI N 70- 75 

• I n  c l i n ica l  practice the m iddle-aged or e lderly  patient presenti ng with acute 
chest pa i n  is not on ly an emergency but frequently a diagnostic d i l emma 
is it a myocardi a l  i nfarct or is it a d i ssection? 

• Wise advice has been provided by Schubert 10: 

" . . .  acute myocardial infarction (AMI) and aortic dissection can present 
identically. For patients with chest pain, the most important first step in 

distinguishing AMI from aortic dissection is to consider both as diagnostic 
possibilities. After that, the strongest and most reliable indicators for aortic 
dissection are found in the history. Results of ECG and CXR in vestigations 
do not reliably discriminate between aortic dissection and AMI. A careful 

history focused on the quality of a patient's pain is the most useful tactic for 
distinguishing a dissection from AMI. " 

• Qual ity of pa i n :  

_J AMI . Gradual  onset; heavy and  crush ing. 

_J Aortic d i ssection. Sudden onset; tearing and crush i ng. 

G U I DEL INES I N  RELATION TO USEFU LNESS OF THE CXR 

The CXR wil l  exclude some of the other causes of chest pain (e.g. pneumothorax, 
mediastinal emphysema). 

A completely normal CXR makes the diagnosis of a d issection u nl i kely i n a patient  
in  whom c l in ical suspicion is low. 

Any abnormal CXR feature in a patient with hypertension and an abrupt onset of 
chest or back pain warrants further defin itive imaging (CT, MRI  or transoesophageal 
echocardiography). 

• A reasonable c l in ica l  suspicion of dissection, even if the CXR is normal, sh u ld not 
del ay further defin i tive imaging. 
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S U S PECT E D  

M ETASTATIC D I S EAS E 

Metastasis . . . synonyms: secondary deposit; deposit 

6 
1 3  

1 2  

9 

Figure 25.1  Thoracic metastases: ( 7) and (2) solitary or multiple; (3) cavitating; 
(4) cannonball; (5) hilar lymphadenopathy; (6) subcarinal/mediastinal lymphadenopathy; 
(7) pleural; (8) subpleural; (9) pleural effusion secondary to pleural deposit(s); 
( 7 0) miliary (resembling millet seeds); ( 7  7 )  lymphangitis carcinomatosa; ( 7  2) lytic; 
( 73) sclerotic. 

Th i s  chapter concentrates on metastases aris ing from extrathoracic primary 
neoplasms ( i .e .  exc l ud ing bronch ia l  carc inoma) . Many patients with an 
extrathoracic  pr imary tumour w i l l  undergo CXR examination i n order to check 
for metastases. When th is  CXR exam inat ion is requested it i s i mportant to 
know: (a) which tumours are most l i kely to produce l ung, h i la r, mecl i asti na l , 
lymphangitic, p leura l  or bone deposits; and (b) the various rad iograph ic features 
of metastatic d i sease (F ig .  2 5 . 1  ). 

SPREADI NG A N D  SEE D I N G  ---
The preci se mechan i sms determ i n i ng whether ma l ignant cel ls enter the 
lymphat ic or venous c i rcu lat ion and subsequently spread to and implant in the 
thorax are i mperfectly understood 1-6 .  Tumour  affi n ity for a parti cu lar thorac ic  
tissue ( l u ng, p leura, bone, bronch ia l  endothel i um) va ries between ma l ignanc ies . 
How some mal ignancies reach and sett le i n the thorax is shown i n Tabl 
2 5 . 1 . The various pathways give an i nk l i ng as to why some pr imary tumou rs 
metastas i se to the thorax more common ly than do others. 
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Table 25.1  Tumour routes to the thorax 1•1-9• 

Channel 

Lymphatic 

Venous ( 1 )  

Venous (2) 

Venous (3) 

Dual  
venous (4) 

Mult iple 

Malignancy 

Breast I stomach I pancreas I 
larynx/ cervix 

Renal I thyroid I testicular I 
sarcomas I melanoma I 
head and neck 

Colon I stomach I pancreas 

Colon I stomach I pancreas 

Renal  

Breast '·6•9 

Batson's venous plexus 

Pathway 

Dra in ing lymphatics ..... lymph nodes 
..... thoracic duct ..... vena cava 
-+ right atrium -+ pu lmonary arteries 
-+ lungs 

Dra in ing veins ..... vena cava 
-+ right atr ium -+ pu lmonary arteries 
-+ l ungs 

Dra in i ng veins ..... portal vein -+ l iver 
-+ hepatic veins -+ l ungs 

Batson's venous plexus (see below) 
-+ bones7•8 

( i )  Renal vein -+ inferior vena cava 
..... right atri u m -+ pu lmonary arteries 
..... lungs 

( i i )  Renal vein ..... Batson's venous 
plexus -+ bones7•8 

Dra in ing veins  ..... vena cava 
..... right atri u m -+ pulmonary 
·arteries -+ l u ngs 

Lymphatics -+ thoracic duct 
-+ vena cava -+ right atriu m  
-+ pul monary arteries -+ l ungs 

l ntercosta l veins and 
paravertebral venous plexus 
..... vertebrae -+ other bones 

Di rect i nvasion ..... chest wal l  

Di rect invasion -+ pleura 

In 1 940 Oscar V. Batson described the vertebral venous system7•8. The term Batson's 
venous plexus refers to the valveless plexiform vertebral veins that commun icate free ly 
with the superior and inferior vena cavae. This venous system, or plexus, is  an i mportant 
pathway for tumour spread to bone, and also to the bra in  and l ungs. 
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SEARC H I N G  FOR L U N G  METASTASES 1 ·2•9• 10 

GENERAL 

The basic rule: Whenever poss ib le compare the present CXR wi th any 
ava i lab le  previous CXR. 

Deposits a re common ly periphera l or subpleura l .  The l u ng bases are more 
frequent ly affected than are the upper lobes. The majori ty of deposi ts a re 
round with fa i rl y  wel l-defined margins. 

Lung deposits i mmed iately adjacent to the p leura ( ie  subpleura l ) may not be 
round .  They can appear plaque- l i ke or ste l l ate. 

THE PRIMARY TUMOUR AND THE CXR 

Mal ignancies that commonly metastas i se to the l ungs: sarcomas, rena l cel l  
carc inoma, choriocarc i noma, testi cu la r cancer, some funct ion i ng thy roid  
carc i nomas. 

Lung metastases occur  rel atively i nfrequently with breast or colon cancer. 

Lung metastases are often present at the time of the i n i t ia l  d i agnos is of rena l  
cel l  carc i noma, choriocarc i noma, Ewing's sarcoma, osteogen ic sarcoma or 
Wi l ms' tumour. 

Other CXR features are l i sted i n  Tab le 25 . 2 .  

Figure 25.2 Typical 
appearance and individual 
features of lung metastases: 
multiple lesions, varia ble 
size, well-defined margins . 
Testicular tumour. 
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Table 25.2 Lung metastases'-J.'1- u 

CXR finding 

More than one 
deposit and: 

different sizes 

solid appearance 

Sol itary lesion 

Cannonbal l  
( i .e. very large) 

Cavitation9 

M i l iary pattern 

Calcified9·'3 

Margins very 
i l l -defined 

Most common tumours 

Kidney, head/ neck, uterus, 
prostate, breast, colon 

Colon 

Colon, rectum, kidney, 
melanoma, sarcomas 

Cervix in females, head 
and neck tumours in  males, 
sarcomas 

Thyroid, kidney 

Osteogenic sarcomas 

Choriocarci no ma . . .  
occas ional ly2 

Other tumours 

Choriocarcinoma, 
testicle, melanoma, 
thyroid, osteogenic 
sarcoma, Ewing's 
sarcoma, Wi l ms' tumour, 
rhabdomyosarcoma 

Melanoma, sarcoma, 
breast, kidney, bladder, 
testicle 

Colon 

Osteogenic 
sarcoma, melanoma, 
choriocarcinoma 

Chondrosarcoma, thyroid, 
colon, pancreas 

Figure 25.3 Miliary metastases . .  
multiple tiny secondary deposits. 
Thyroid carcinoma. 

Figure 25.4 Cavitating metastasis (arrow). 
Tough to detect because it lies below the 
horizon of the dome of the diaphragm. 
Remember . . .  you only see what you look for. 
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SEARC H I N G  FOR H I LAR AND MEDIASTI NAL METASTASES 

The appearances of hi lar lymph node en largement are descr ibed on 
pp. 76-77. 

Extrathoracic tumours infrequently metastasi se to mediasti na l  lymph nodes. 
If mediasti na l  lymphadenopathy is evident consider these tumours : 

bronch ia l  carci noma 

lymphoma 

k idney, testic le, head and neck 

Figure 25.5 Patient with weight loss. Paratracheal lymphadenopathy (white arrow) . When 
enlarged mediastinal nodes are due to malignancy it is rare for the primary tumour to be 
extrathoracic. The most common primary tumour will be a bronchial carcinoma (black 
arrow). 

LYMP H A N G ITIS  CARC I NOMATOSA 1•2 ---
Tumour i nvolvement of the lymphatics of the l ung resu lts from haematogenous 
spread .  The CXR appearance i s  that of i nterstiti a l  d isease- i .e. reticu lar or 
reticu lo-nodu la r  shadowing. I n i t ia l ly, th is  may be i nd i st ingu ishab le from other 
i ntersti t i a l  processes such as pu lmonary oedema. The most com mon pri ma ry i s  
breast carc i noma. 

Lymphangitic spread i s  usua l l y  b i l atera l, i nfrequently un i latera l .  Someti mes it 
i s  associated with a pleural effusion and/or en larged h i l ar nodes. 

Very occasiona l l y  a patient with a known primary carcinoma may develop 
dyspnoea due to lymphangitic deposits and the CXR may appear c lear 1 • 

Useful rule of thumb: If an i nterst i t ia l  pattern is due to lymphangit i s 
carcinomatosa then the patient w i l l  be short of breath. 
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Figure 25.6 Lymphangitis 
carcinomatosa. The reticular 
shadowing at the righl 
base is fairly typical of the 
pattern of tumour involving 
the lymphatics. The primary 
tumour was a breast 
carcinoma. 

SEARC H I N G  FOR PLEURAL METASTASES '4 

Some cancers have a pred i lection for the pleura .  

The CXR may show: 

a p leura l  effusion, sma l l  or la rge 

an i sol ated p leura l  mass 

The most common pr imary tumours :  

any adenocarc i noma, inc l uding bronchus 

breast carcinoma 

Figure 25.7 Left pleural 
effusion. An effusion is the 
most common CXR finding in 
a patienl who has metastatic 
disease involving the pleura. 
This palienl had a previous 
carcinoma of 1he breasl and 

-�-------------------_J a righl maslectomy. 
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SEARC H I N G  FOR BONE METASTASES3,a,9, i5 

Some pr imary tumours have a propensi ty for metastasi s i ng to bone 
(Tab le 2 5 .3 ) .  Other tumours ra re ly do so, 

Bone metastases occur as a resu l t  of e i ther: (a) tumour cel l s enteri ng the 
venous system and being deposited in bone via arteries and capi l la r ies; 
(b) retrograde venous flow (e.g. prostatic carcinoma); (c) d i ssem i nation v ia 
Batson's venous p lexus ;  or (d)  d i rect i nvasion of adjacent bone. 

Bone deposits a re usua l ly  either solely lytic ( i .e . l ucent) or sole ly sc lerot i c 
( i .e .  dense) -see Tab le 2 5 . 3 .  Very occasiona l ly a pr imary carc i noma may 
produce both lytic and sclerotic deposits in an i nd ividua l patient. 

A helpfu l tr ick. Any patient with bone or chest wa l l  pa i n . When checki ng the 
ribs: 

Rotate the i mage so that the long ax is of the CXR is para l l e l to the 
floor-assess the 1·ibs aga in  (F ig .  2 5 .8) .  

Then rotate the CXR through another 90° so that the CXR i s  ups ide 
down-assess the posterior aspects of the r ibs aga in .  

Figure 25.8 Checking 
the ribs for metastases. 
Examining the ribs with the 
CXR aligned horizontally. This 
trick makes the ribs stand 
out. Note the destructive 
lesion in the posterior aspect 
of the left fifth rib. If you 
don 't think that the lesion is 
shown particularly clearly
turn this page through 90° 
so that you are looking at the 
bones with the CXR upside 
clown. Now what do you 

�-------------------� think? 
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Table 25.3 Bone metastases '5. 

Appearance 

Sclerotic 

Lytic 

Most common primary 

Males-prostate 

Females -breast 

Males -bronchus, 
kidney, thyroid 

Fema les- breast, 
kidney, thyroid 

Less common primary 

Pancreas, b ladder, carcinoid, 
muci nous adenocarcinomas of the 
gastroi ntestina l  tract 

Occasional ly  lymphoma 

Prostate, melanoma, neuroblastoma 

Lytic .. sometimes Renal ,  thyroid 
causing expansion 
of the affected bone 

•IJ!ll�::ij Figure 25.9 A destructive 
(lytic) metastasis in the 
posterior aspect of the left 
fifth rib. 

Figure 25.1 0 Sclerotic 
right sixth rib posteriorly. 
Metastasis from a prostatic 
carcinoma. Several other 
ribs showed a similar 
appearance. 
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AN U N EXPECTED R I B  FRACT U RE - I S IT PATHOLOG I CAL? '5- 1 7  

Most pathological fractures a re due to a metastas is or to  myeloma . Whenever a 
c l i n ica l ly  unsuspected r ib  fracture is detected on a CXR: 

1 .  Always l i n k  the fracture to the patient's present or past c l i n ica l  h i story. 

2 .  Look for other r ib  les ions. 

3. Analyse the appearance ca refu l ly: 

.J Bone scleros i s .  Two poss ib i l it ies: a metastasi s or cal l us around a 
hea l i ng  s imple  fracture . 

.J Bone l ucency - i .e.  destruct ion. Consider metastas is  or myeloma. 
Very rare ly- lymphoma . 

.J Bone expans ion.  More commonly myeloma than a metastas i s . 

.J Adjacent soft t issue extrapleura l  mass. More common with myeloma . 

4. If carc inoma i s  considered to be a poss ib i l ity then obta i n an isotope bone 
scan .  If the r ib l es ion is a secondary deposit then there wi l l be mu lt ip le other 
deposits shown e lsewhere in the skeleton.  

5 .  I f  myeloma i s  l i ke ly  then a myeloma haematologica l screen i s  necessary. I f  
pos it ive th i s  shou ld  be fol lowed by a radiograph ic skeleta l su rvey. An i sotope 
bone scan is often norma l in myeloma because there is mi n i ma l or no bone 
turnover at the s i te of the les ion and consequently no i ncrease in tracer 
uptake. 

Figure 25.1 1 Destructive 
lesion in the posterior aspect 
of the left seventh rib. The 
differential diagnosis is 
metastasis or myeloma. The 
prominent accompanying 
soft tissue shadow does 
favour myeloma. Myeloma 
was the diagnosis in this 

-------------------�� patient. 
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Chronic cough: 

C H RO N I C CO U G H : 

WHAT TO LOOK FO R 

Arbitrari ly defined as a pers istent cough lasti ng for more than 
eight weeks '-3. 

There are n umerous causes for a chron ic  cough (Table 26 . 1 ) . I n  adu lts the 
common causes can be identified4: c igarette smoki ng; medication with an 
angiotens in-convert i ng enzyme (ACE) i nh ib i tor; upper a i rway cough syndrome 
(UACS) . . .  sometimes referred to as post-nasa l dr ip syndrome (P OS); asth ma;  
gastro-oesophagea l  refl ux d i sease (GORD); and non-asthmatic eosi noph i \ i c 
bronchit is  (NAEB)4. 

Table 26.1 Causes of a chronic cough. 

Pulmonary Asthma 

Extra-pu l monary 

Drugs 

lcliopath ic'·' 

NAEB* 

I nfection - i ncl uding tuberculosis 

Chronic bronchitis 

Post-viral cough' 

Pul monary oedema secondary to left ventricu la r  fa i l ure 

Bronchia l  carcinoma 

Bronchiectasis 

I nterstitial lung disease 

Sarcoidosis 

Bacterial suppurative disease of the a i rways5 

UACS; i .e. PNDS 

GORD 

Tracheal compression (usual ly  a goitre) 

Subphrenic abscess 

Cigarette smoking 

ACE inhibitors6 

U nexpla ined . . .  a d iagnosis by excl usion 

*NAEB:  Patients with a chronic cough, sputum eosinophi l ia, normal spi rometry and 
normal peak expiratory flow variab i l ity. NAEB is respons ive to inhaled corticosteroids'. 
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Figure 26.1 Some causes 
for a chronic cough. 
7 = Bronchial carcinoma; 
2 = Tuberculosis; 
3 = Bronchiectasis - cystic 
changes; 
4 = Bronchiectasis - tubu/ar 
changes; 
5 = Septa/ lines in pulmonary 
oedema; 
6 = Tracheal compression by 
a goitre. 

Figure 26.2 Two common 
causes for a chronic cough. 
(a) UACS (synonym: PNOSJ. 
(b) CORD. 
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I NVESTIGAT I N G  A C H RO N I C  COUGH 

A c l i n ica l  approach . . .  

A patient presents with a chron ic cough and: 

• is a non-smoker 

• is not being treated with an ACE inh ib i tor 

• has no evidence of any other disorder 

• has a normal CXR 

Then . . .  

" . . .  a n  approach focused on detecting the presence of UACS, asthma, NAES, 
or CORO, alone, or in combination, is likely to have a far higher yield than 

routinely searching for relatively uncommon or obscure diagnoses "4. 

C H RO N I C  COU G H - CXR F I N D I N G S  

The C X R  c a n  b e  very helpfu l - whether abnorma l o r  enti re ly norma l .  

CXR ABNORMAL -THE LIKELY DIAG NOSIS IS REVEALED 

The CXR is  obvious ly abnorma l .  As a consequence the physic ian 's confidence as 
to the probable diagnosis wi l l  be high (Table 26 .2 ) .  

Table 26.2 Abnormal C X R - l ikely d iagnoses. 

Appearance 

Consolidation 

Lobar col l apse 

R ing shadows or tubu lar shadows 

Mass lesion 

Default diagnosis 

Pneumon ia -commun ity acq ui red 

Tubercu losis or other chron ic infection 
(Fig. 26.3)  

Tu mour (adults) 

Asthma ( Fig. 26.4) 

I nha led foreign body (ch i ldren) 

Bronchiectasis (Fig. 26 .5 )  

Tumour (Fig. 26.6) 
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Figure 26.3 Chronic cough. 
!II-defined shadowing at the 
left apex raises the probability 
of post-primary tuberculosis. 
Subsequently, tuberculosis 
confirmed. 

Figure 26.5 Chronic cough. 
Tubular shadows in the right lower 
lobe; cystic changes in the left 
lower lobe. Bronchiectasis. 

Figure 26.4 Chronic cough. Asthmatic 
patient. A mucus plug has caused collapse 
of the left lower Jobe. The collapse occurred 
some weeks previously. Note the collapsed 
lobe behind the heart gives the classic sail 
sign appearance. 

Figure 26.6 Chronic cough. Lobulated 
mass in the left lower zone. Bronchial 
carcinoma. 
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CXR ABNORMAL-A POSSIBLE DIAGNOSIS IS SUGGESTED 

The CXR is abnormal but the abnormal ity is  not in itself speci fic. Nevertheless, 
the CXR f indings wi l l  suggest that a particu lar  cause for the chron ic cough now 
needs further consideration (Table 26 .3 ) .  

Table 26.3 Abnormal CXR-possible diagnoses . 

Appearance 

Large heart and interstitial or 
alveolar shadowing 

Tracheal deviation in  the neck 

H iatus hern ia  

Figure 26.7 Chronic cough. Small 
left pleural effusion and bilateral 
interstitial and alveolar shadows. 
Pulmonary oedema due to heart 
failure. 

Possible diagnosis 

Pulmonary oedema (Fig. 2 6.7) 

Goitre (Fig. 2 6.8) 

GORD (Fig. 2 6 .9) 

Figure 26.8 Chronic cough. The trachea 
is compressed and devia ted by a left-sided 
goitre. 

Figure 26.9 Chronic 
cough. A hiatus hernia is 
shown as a gas shadow 
projected over the heart. 
This raises the possibility 
of CORO as the cause of 
the chronic cough. Note: 
in many instances, when a 
hiatus hernia is evident on a 
CXR it will have an air-fluid 
level within it. 
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CXR NORMAL- REASSU RANCE AND G U I DANCE 

Reassurance: Middle-aged and elderly patients - both smokers and non
smokers -are concerned that the persistent cough s ign ifies a 
cancer. Careful ana lysis of the CXR with part icu la r  attent ion 
to the h idden, tr icky areas (Chapter 1 ,  p .  1 3 ) enables the 
phys ic ia n - with a high degree of confidence- to tel l  the 
patient that there i s  no evidence of a cancer. 

Guidance: A norma l  CXR is an important  negative fi nd ing. In an adu l t  who 
i s  a non-smoker and i s  not being treated with an ACE i n h ib i tor6J, 
a normal CXR a l l ows the phys ic ian to concentrate further 
i nvestigat ions on the rema in i ng fou r  most common poss ib i l i t ies 
( l i sted once more i n  Table 2 6 .4) .  

Table 26.4  Reiteration: four common causes for a chronic cough•. 

• UACS (previously known as PNDS) 

• Asthma 

• GORD9- 1 1  

• NAE B '2 

Figure 2 6. 1 0  Chronic 
cough. Normal CXR. This is 
a most useful finding. In an 
adult, it allows the physician 
lo concentrate on a limited 
number of causes for a 

.__ __________________ _.... chronic cough (Table 26.4).  
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AN I NTERESTI NG CONDITION - BRONCHIECTASIS 13-15 

Aetiology I pathology 

Bronchia l  obstruction causes severe inflammation which results in  permanent damage 
to the bronchi and bronchioles. 

Clinical features 

Chronic cough. Usua l ly  with foul  smel l ing sputum. Recurrent episodes of acute 
i nfection. Sometimes haemoptysis. 

Recognised complications 

Pneumonia, empyema, massive haemoptysis. Rarely: bra i n  abscess, amyloid . 

The CXR 

Abnormal :  

.J traml ine shadows-thickened bronchia l wal l s  

.J r i n g  shadows-di lated bronchi 

.J tubu lar shadows - flu id / pus fil led bronchi 

foca l  scars 

.J volume loss -segmental or lobar 

• Normal . . .  occasiona l ly '3·'4 

Figure 26. 1 1 In most 
cases of bronchiectasis the 
CXR will be abnormal. The 
abnormality may be subtle or 
gross, and may include any of 
the following: 
1 & 4 = tramlines (thickened 
bronchial walls); 2 = tubular 
shadows (dilated & fluid filled 
bronchi); 3 = ring or cystic 
shadows (extreme bronchial 
dilatation). Slight or severe 
volume loss may also b 
present indica ting fibrosis 
and shrinkage of the affected 
lung. 
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C H EST PAI N :  

W H AT TO LOO K FOR 

C H EST PAI N - POSSI BLE CAUSES 

There are numerous causes for a pain  in the chest 1- 10• They can be sub-di v ided 
into non-cardiac causes (common and uncommon), and ca rdiac or aort ic causes. 
These sub-div is ions a re shown i n  Tab les 2 7 . 1 -2 7 . 3 .  

Table 27.1 Non-cardiac chest pain:  the most common causes. 

Occurrence Origin Includes Notes 

Very Muscu lo- Costochondritis Costochondriti is  
common skeletal (Tietze's syndrome) probably the most 

Degenerative change-
common cause of 

shoulder or thoracic spine 
chest pain 

Rib fracture 
-

Muscle tear . . .  often an 
i ntercostal muscle. 
Torn as a resu lt of injury /  
over-exertion I cough i ng. 

Cervical spondylosis 

Injury to the chest 

Castro- Castro-oesophagea l  reflux Any of these can 
intestinal  disease (GORD) mi mic the pa in of 

Oesophageal spasm . . .  
myocardial  infarction 

or any excessive 
uncoordinated 
contraction of 
the oesophagus 

Tear of oesophagea l  mucosa 

Common Pulmonary Acute bronchitis 

Pneumonia 

Pleural effusion 

Pneumothorax 

Asthma 

Common Benign Cause u nknown 
in healthy chest wal l  
young pain 
people 
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Table 27.2 Non-cardiac chest pain: the uncommon causes. 

Occurrence Origin Includes 

Uncommon Vira l  infection Bornholm disease 
of intercosta l 
muscles 

Pul monary 
embol ism 

Pneumo
mediast inum 

Very Gastro-
uncommon intesti nal  

Miscellaneous 

Gal l  bladder disease 

Peptic u lcer disease 

Pancreatitis 

Herpes zoster 

Psychologi ca I .  . .  this 
diagnosis is  usua l ly made 
by exclusion. It incl udes 
anxiety, panic attack 

Table 27.3 Cardiac or aortic chest pain.  

Occurrence 

Fairly common 

U ncommon 

Includes 

Angina pectoris 

Myocardia l  infarction 

Aortic dissection 

Pericarditis 

Myocarditis 

Arrhythmia 

Mitra! valve prolapse 

Notes 

Notes 

Headache, fever, 
sore throat and 
systemic featu res 
wi II be present. 

Often overlooked Cocaine usage Causes cardiac blood 
vessel s  to constrict. 
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CH EST PAI N -THE ROLE OF THE CXR 

The CXR i s  j ust one of several diagnostic tool s. When a CXR i s  requested it w i l l :  

Sometimes . . .  provide the precise d iagnosis ( F igs 2 7. 1 -2 7  .3 ). 

Occasionally . . . suggest a poss ib le d iagnosis ( F ig . 2 7 .4). 

Often . . .  exc lude several causes for the pain . 

CXR ABNORMAL- DIAGNOSIS REVEALED 

• Pneumothorax .  

• Pneumonia .  

• Rib fracture. 

• Perforated pepti c  u lcer. 

Figure 27.1 Female, 35 years. Drunk and disorderly. Complaining of chest pain. 'Vfultiple 
posterior rib fractures. Note also the shallow left pneumothorax. 

Figure 27.2 Female, 38 years. Chest 
pain. Silhouette sign . . .  pneumonia in the 
lingular segments of the left upper lobe. 

Figure 27.3 Male, 54 years. Chest pain, but 
difficult to localise. Free air under the domes 
of the diaphragm. Perforated duodenal ulcer. 
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CXR ABNORMAL-A POSSI BLE DIAGNOSIS IS SUGGESTED 

• l schaemic  heart d i sease. Left hea rt fa i l u re . . .  subtle pu lmonary oedema. 

• GORD . . .  a f ixed h i atus hern i a .  

• Muscu lo-ske leta l . . .  c lea r  evidence of  degenerative change i n  the  thoracic 
spine. 

• Acute asthma or ruptured oesophagus . . .  med iasti na l  emphysema.  

• Smoking mar i juana or  coca ine . . .  mediasti na l  emphysema .  

• Aortic d i ssection . . .  a widened med i ast i num (see Chapter 24) .  

Figure 27.4 Young male. Recent 
vomiting episode. Now complains 
of chest pain. Air is present in the 
mediastinum (arrows). Oesophageal 
rupture. Boerhaave 's syndrome. 

Figure 27.5 Male. Acute tearing chest pain. 
The mediastinum is widened at the level of 
the aortic arch. Aortic dissection (Stanford 
Type A).  

CXR NORMAL- DIAG NOSTIC S IGNI FICANCE 

"A normal finding, when assessed quantitatively, can sometimes be extremely 
valuable in differential diagnosis . . .  only when a normal test result occurs with 

equal or nearly equal frequency among all the diseases being considered will a 
negative finding contribute little or nothing to the diagnostic process. "" 

A norma l CXR wi l l  exc lude some very common causes of chest pa i n :  

• Pneumothorax. 

Pneumon i a .  

P leura l  effus ion .  
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FACTS AND F I G U RES 

Costochondritis (Tietze's syndrome): 

Probably the most common cause of chest pain.  

Invariably accompanied by tenderness at the site of pai n.  

Pneumothorax and/or pneumomediast inum are recognised compl i cations when 
smoking cocaine"; or marijuana. The mechanism appears to be use of the valsalva 
manoeuvre to obtain a h igh input of the drug i nto the a lveol i . Reflex coughi ng may 
raise the intra-alveolar pressure even h igher and cause a lveola r  rupture. 

1 0-30% of patients with chest pain who undergo cardiac catheterisat ion are fou nd 
to have normal coronary arteries9. 

40% of patients with non-cardiac chest pa i n have an abnormal degree of acid 
refl ux9. 

Cough-induced rib fractures. In patients with a chronic cough, 78% of fractu res are 
in women. The lateral aspects of the middle ribs are most common l y affected and 
the s ixth r ib is part icularly vul nerable10• 

AN I NTERESTING CONDITION-
DIFFUSE OESOPHAGEAL SPASM7•9• 13- 15 

Aetiology I pathology 

Excessive, uncoordinated, contractions of 
the smooth muscle of the oesophagus. 

Clinical features 

Chest pain is common. 

The CXR 

No abnormal findings. 

A barium swal low exami nation wi l l  
often show the  characteristic features 
(Fig. 2 7 .6). 

Figure 27.6 Female. 
Age 65. Recurrent episodes 
of chest pain. Diffuse 
oesophageal spasm 
demonstrated on a barium 
swallow examination. This 
is the so-called nutcracker 
oesophagus. 
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2 8 DYS P N O EA: 

WHAT TO LOO K FOR 

Dyspnoea: Difficult, laboured or uncomfortab le breath i ng . . .  the sen e of 
not getti ng enough a i r. A symptom, not a s ign . 

Acute dyspnoea: Dyspnoea aris ing over the preceding 24-48 hours 1 • 

Chronic dyspnoea: Dyspnoea lasting more than one month'. 

Golden Rule 1 :  The usefu l ness of the CXR  f indi ngs-posit ive or  
negative-depends on the input derived from the 
c l i n ica l  h i story and the phys ica l  exam inat ion . 

Golden Rule 2 :  Always ta i lor your i nspection of  the  CXR to  the  i nd iv idua l  
patient. . .  a sk ing  the  CXR a spec ific question. 

Golden Rule 3 :  You on ly  see what you look for-you on ly look for 
what you know. 

Figure 28.1 Chronic dyspnoea. 
Extensive alveolar shadowing. Wide 
differential diagnosis. Apply Colden 
Rule 7 - clinical details are crucial. 
Known renal failure with fluid 
retention. CXR conclusion -alveolar 
pulmonary oedema. 

Figure 28.2 Acute dyspnoea. Lungs 
clear. Both domes of the diaphragm are 
high. Apply Colden Rule 7 -clinical 
details are crucial. Abdomen is dist nded 
with a succussion splash when shaken. 
CXR conclusion - asciles displacing the 
diaphragm upwards. 



Figure 28.3 Chronic dyspnoea. 
Shadowing in lhe right lower zone. 
Apply Colden Rule 3- you only look 
for what you know. CXR conclusion 
col/apse of the right lower lobe. 

Figure 28.5 Acute dyspnoea. No 
obvious CXR abnormality. Apply Colden 
Rule I - clinical details are crucial. 
History of left sided pleuritic pain. Apply 
Colden Rule 2 - ask lhe CXR a specific 
question . . .  and Colden Rule 3 - you 
only look for what you know. CXR 
conclusion - careful inspection of the left 
apex reveals a shallow pneumolhorax. 
The arrow indicates the visceral pleura. 

DYSPNOEA: WHAT TO LOOK FOR [33i] 

Figure 28.4 Acule dyspnoea. Left dome 
of the diaphragm appears to be high. Apply 
Colden Rule 3 - you only look for what you 
know. Note the inferior displacement of the 
stomach air bubble. CXR conclusion -large 
subpulmonary effusion, not an elevated 
dome of the diaphragm (See p. 82). 

Figure 28.6 Chronic dyspnoea. Apply 
Colden Rule 3 - you only look for what 
you know. Fine inlerstitial lines and 
nodules in the righl lower zone. The same 
appearance was evident in the lefl lower 
zone. CXR conclusion - interstitial fibrosis. 
Subsequently confirmed 
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DYSPNOEA - POSSI B LE CAU SES 

The c l i n ica l  h i story and  examination w i l l  pred ict the preci se d iagnos i s i n  
70-80% o f  patients present ing with dyspnoea '·3-6 . I n  many i nstances the CX R  
findi ngs- normal o r  abnorma l -wi l l  confi rm o r  support the pre-test c l i n ica l 
d iagnosis (see Chapter 1 7) .  On the other hand, the pre-test c l i n ica l d iagnos i s 
may be uncerta i n .  The phys ic ian w i l l  know whether the dyspnoea is acute or 
chron ic, a nd based on th i s  and the c l i n ica l  fi nd i ngs she needs to compose the 
question that she wishes the ·CXR to answer. 

Examples :  

Acute dyspnoea :  i s  there a subtle pneumothorax? A h idden pneumon ia ? 
Left l ower lobe co l lapse? 

Chron ic  dyspnoea: a re there any featu res to suggest bronch iectas is? 
Any evidence of e levated pu lmonary venous pressure? Is there any 
subt le shadowing that wou l d  suggest i nterst i tia l fibros i s? 

Table 28.1 Acute dyspnoea: pul monary and cardiac causes. 

Pu lmonary 
d isease 

Cardiac 
disease 

Acute exacerbation of chronic 
obstructive pu lmonary disease 
(COPD) 

Asthma exacerbation 

Bronchitis 

Epiglottitis 

Foreign body aspiration . . .  
especia l ly  i n  chi ldren 

Acute myocardia l  infarct 

Cardiomyopathy 

Pericarclitis 

Table 28.2 Acute dyspnoea: other causes. 

Acute blood loss 

Metabol ic acidosis 

Drugs: 

.J cocaine or crack cocaine . . .  
may cause a n  acute coronary 
syndrome or  a spontaneous 
pneumothorax or a 
pneumomediastinum 

Lung or lobar col lap e 

Non-cardiac pu lmonary 
oedema 

Pl eural  effusion 

Pneumonia 

Pneumothorax 

Pul mona ry embol us 

Pu lmona ry oedema 

Septa ! defects 

Unstable angi na 

Psychogenic: 

anx iety 

post-traumatic stress d isorder 

panic attack 
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Table 28.3 Chronic dyspnoea: pulmonary and cardiac causes. 

Pul monary d isease 

Cardiac disease 

COPD 

Bronchiectasis 

Parenchymal lung disease 

interstitial l ung disease (p. 40) 

mal ignant infi l tration 

Pleural effusion 

Pul monary arteria l  hypertension 

Coronary arterial disease 

Left heart fa i l ure 

Valvular disease 

Arrhythmia 

Cardiomyopathy 

Table 28.4 Chronic dyspnoea: other causes. 

Anaemia 

Neuromuscular . . .  Weakness of respiratory muscles 

Thyroid d isease . . .  Hyperthyroidism 

Decondition ing . . .  Poor physical condition 

I t  is important  that the CXR i s  ana lysed in a systematic manner in order not 
to overlook subt le evidence of d i sease (see p. 1 0) .  I f  you th i n k  that the CXR is 
normal ,  then take a few more seconds to re-exam i ne or exc l ude:  

1 .  The tricky h i dden a reas (p. 1 3 ). 

2. Lobar col l apse (pp. 52-69). 

3 .  Pneumothorax (pp. 94-99) .  

4 .  Borders of the heart and domes of the d iaphragm (pp. 45-48) .  
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DYSPNOEA - CX R  IMPACT ON DIAG NOSIS 

Somet imes the  CXR w i l l  provide the precise d iagnosis, somet i mes i t  w i l l  suggest 
a possi b le  d iagnosi s  . . .  and a normal CXR wi l l often excl ude severa l d i agnoses . 

CXR ABNORMAL- DIAG NOSIS CONFI RMED OR DISCLOSED 

Examples: 

pneumothorax 

pneumonia 

ma l ignant  d i sease caus ing l ung or lobar col lapse 

pleura l  effus ion 

pu lmonary oedema 

Figure 28.7 Acute dyspnoea. Large 
left pneumothorax. 

Figure 28.8 Acute dyspnoea. Cough and 
fever. Scattered areas of consolidation in the 
right upper and lower lobes. Pneumonia. 

Figure 28.9 Acute 
dyspnoea. Extensive 
interstitial shadows with 
septa/ lines at the right base . 

....._ ____________ ____, Pulmonary oedema. 
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CXR ABNORMAL-A POSSIBLE DIAG NOSIS IS SUGGESTED 

A CXR f ind i ng may not be defin it ive
in terms of d i agnos i s- but w i l l  assist 
by d i rect ing the physic ian  towards a 
l i ke ly poss ib i l i ty. 

Examples:  

En la rged hea rt and vessel margins 
s l ight ly b lu rred 

left hea rt fa i l u re6 

Low -and fla t-diaphragm 

COPD 

asthma 

Lung "shadows" 

i ntersti t ia l  d i sease7 
(e.g. in tersti t ia l  fibrosi s) 

bronch iectas i s  

En l a rged h i l um or h i la 

en la rged pu lmonary a rteries 

- pu l monary a rteri a l  
hypertens ion 

- pu lmonary thrombo
embo l ic d isease 

• P lethor ic l u ngs 

...1 l eft-to-right card iac shunt 

• F ixed h i atus hern i a  

...1 gastro-oesophageal reflux 
d i sease (GORD) and asp iration 
as a poss ib le  cause of chron ic  
dyspnoea 

• Abnorma l l y  high dome or domes 
of the d i aphragm 

phren ic  nerve para lys is  

d i sp lacement upwards by an  
i ntra-abdomina l  mass or ascites 

Figure 28. 1 0  Chronic dyspnoea. Large 
bu/la in the right upper zone. COPD 
suggested as a cause for the dyspnoea. 

Figure 28.1 1 Chronic dyspnoea. The heart 
is enlarged. Cardiac disease suggested as a 
cause for the clyspnoea. 

Figure 28.1 2 Chronic dyspnoea. The 
proximal pulmonary arteries are large and 
the arteries in the mid zones of both lungs 
are disproportionately smaller. Pulmonary 
arterial hypertension suggested as the cause 
for the dyspnoea (see pp. 7 62- 1 63). 
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CXR NORMAL . B UT HELPFUL8 

• A negative ( i .e. norma l )  CXR can be very va luable i n  exc lud i ng severa l 
causes for the dyspnoea . 

...1 A normal CXR excl udes: 

- pneumothorax 

- pneumonia 

- p leura l  effus ion 

...1 A norma l  cardiothoracic rat io excludes acute left heart fa i l ure
un less the patient has suffered an  acute myocard ia l i nfarct. 

• An important remi nder. A norma l CXR does not excl ude: 

...1 Pu l monary th romboembol ic  d i sease . . .  i n  many pat ients pu l mona ry 
embo l ism w i l l  be the defau l t  d i agnosi s and th i s  must be exc luded or 
confi rmed by uti l i s i ng other tests (pp. 2 9 1 -292)  . 

...1 Asthma . 

...1 Acute bronchit is  . 

...1 Acute i nfection superimposed on COPD . 

..J B ronch iectas i s  . . .  though most CXRs wi l l be abnormal9  . 

...1 Pneumocystis carinii i n fection . . .  early (p. 1 39) . 

...1 I nterst i t ia l  fibros i s  . . .  though most CXRs w i l l  be abnorma l 10. 

Figure 28. 1 3  Female. Age 24. Acute dyspnoea. Normal CXR. The CT pulmonary 
angiogram reveals large thrombi in the pulmonary arteries (arrows) . Acute pulmonary 
embolism. 
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FACTS AND F I G U RES 

Two thirds of patients presenting with dyspnoea have a cardiac or pu l monary cause. 

One th ird of patients presenting with dyspnoea have more than one causative 
factor5. 

Acute myocardial  infarction but no chest pa in  . . .  dyspnoea is a common presenting 
symptom. Pa rticularly i n :  

women 

patients with diabetes mel l i tus 

patients age 70 and older 
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� ASTHMATIC ATTACK: 
WHAT TO LOO K FOR 

Acute asthma: A disorder characterised by paroxysmal narrowi ng of the bronch i .  
The bronchoconstriction causes wheezi ng, shortness o f  breath a n d  
a tight feel ing i n  the chest. 

CXR F I N D I NGS I N  AC UTE ASTHMA 

In 95% of patients the CXR is norma l .  In a few patients the l ungs demonstrate 
hyperi nflation - i .e. genera l ised hyper l ucency ( increased blacken i ng) with the 
domes of the d iaphragm u nusua l ly low. 

IS A CXR N ECESSARY? 1-4 

Figure 29.1  Acute asthma. 
Normal CXR. This is the 
most common finding in 
a patient with an acute 
asthmatic episode. 

Very rare ly. A CXR is not necessary i n  the vast majority of patients presenti ng 
with an acute epi sode. 

Caut ion . . .  this is prov id ing that the c l i n ica l d iagnosis of asthma i s  
unequ ivoca l5•6. I n  sma l l  ch i ldren an  inha led foreign body can cause 
wheezi ng. 
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I n  fou r  c i rcumstances. When: 

1 .  The d i agnosis of asthma i s  equ ivoca l .  

A CXR may reveal another cause for the dyspnoea (e.g. foreign body 
i nha l at ion, see p. 20 1  ). 

2. Pleur i t ic pa in  occu rs .  

Pneumothorax and/or pneumomecl iast i num a re recogn ised 
comp I i cat ions.  

3. There i s  a pyrex ia .  

Pneumon i a  can i nduce or i ncrease symptoms. 

4 .  U nexpected and unexp la i ned c l i n ica l  deterioration develops. 

Mucus pl ugging may cause a lobe to col l apse. 

Figure 29.2 Acute asthma. 
Unexplained clinical cleterioralion. 
Collapse of the left lower lobe due 
to a mucus plug in the bronchus. 

Figure 29.3 Acute asthma. PleuriUc chest 
pain. Left pneumothorax. 
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Figure 29.4 Acute asthma. 
Pleuritic chest pain. Extensive 
mediastinal emphysema. The 
process causing the emphysema 
is explained on pp. 7 23- 7 24. 

Figure 29.5 Acute asthma. Unexpected 
clinical deterioration. Left-sided shadowing 
effaces the heart border. Pneumonia. The 
consolidation -pneumonia -is situated in a 
lingular segment of the left upper lobe. 

AN I NTERESTI NG CON DITION -ABPAV 

ABPA = allergic bronchopulmonary aspergil losis 

Aetiology I pathology 

A rare cause of asthma. Spores of the fungus Aspergillus fumigatus are i nhaled. A 
hypersensitivity reaction is i nduced. The bronchi contain hyphae and the wa l l s of the 
large bronchi become damaged result ing in proximal bronchiectas is; the upper I bes 
are especia l ly  affected. 

Clinical features 

Asthma u n responsive to conventional treatment. B lood eosinophi l ia.  Immed iate ski n  
reaction t o  Aspergillus. 

The CXR 

Recognition of the classical CXR appearances resulti ng from ABPA may be the first 
signal that the patient does not have simple asthma. If the proximal bronch i become 
di lated and fi l led with mucus this causes a CXR appearance which is referred to as the 
toothpaste shadow, or a finger-in-glove appearance (Figs 29.6  and 2 9 . 7) .  Pu l monary 
densities, representing areas of acute eosi noph i l ic infi l tration of the al veol i4 a lso ccur. 
These shadows often come and go-they fl it- someti mes spontaneous ly, someti mes i n  
response t o  steroid treatment. 
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Figure 29.6 ABPA. The dense plug 
of mucus and fungus within dilated 
proximal bronchi has given rise to 
the descriptions of "toothpaste" or 
"finger-in-glove" shadowing. The 
upper lobes are frequently affected. 
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HAEMOPTYS I S :  

WHAT TO LOOK F O R  

Haemoptysis: Coughing up blood or blood sta ined sputum. 

Massive haemoptysis: Defi n itions vary'·'. Typical ly- coughing up more than 200 m l  
blood in  24 hours (approx imatel y o n e  cup). 

Mild haemoptysis: Some blood in the sputum . . .  often spotting or a few m l on ly. 

Pseudohaemoptysis: Spitting up blood that has not originated from the lower 
respiratory tract. 

Some patients referred from pri mary care wi th suspected haemoptys is 
have had a pseudohaemoptysis .  A patient wi l l often have d ifficu l ty i n  
d i st ingu i sh ing between blood resu lt ing from epistax is, gi ngiv iti s, gastroi ntesti na l 
haemorrhage . . .  and b lood originating from the lower respi ratory tract. 

RELEVANT A RTERIAL ANATOMY3-5 

An understand ing of the dua l  b lood supply to the l u ngs expla i ns the d i ffer i ng 
orig i n s  of m i ld and massive haemoptysis (Table 30 . 1  ) . 

Table 30.1 Importance of the arterial supply to the l u ng. 

Artery Capillary contact 

Pu lmonary Alveolar 

Bronchia l  

Main function: 
gas exchange 

Low pressure from 
the right ventricle 

An extensive plexus in 
i ntimate contact with the 
entire bronchia l  tree 

Main function: 
l u ng nutrition 

High pressure 
from the aorta 

Clinical relevance 

Haemoptysis occurs when th 
pathological process actua l ly 
i nvolves a pu lmonary artery 
(e.g. pu l monary embol ism) . 

Massive haemoptysis is rare. 

Haemoptysis can resu l t from any 
disease which affects the bronch i  
o r  the bronchioles . 

A massive haemoptys is usua l ly 
arises from a disease process 
affecting the bronchia l arteries 
(e.g. bronchiectasis). 
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The l ung has  two d isti nctive and separate b lood suppl i es ( F ig. 3 0. 1 ) : 

Low pressure pu l monary a rteries which end i n  a network of cap i l l aries 
supply i ng the a lveo l i  on ly. 

H igh pressure bronch ia l  a rteries ar i s ing from the aorta . The i r  s i tes of orig in  
can va ry - usua l l y from the prox ima l  descending aorta . Typ ica l ly, two 
bronch ia l  a rter ies supply the left l ung and a s i ngle bronch ia l  a rtery suppl ies 
the right l ung. These a rteries feed the bronch ia l  wa l l s  up  to and i nc l ud i ng the 
term ina l  bronchio les .  They a l so supply the connective t issue of the l ung as 
wel l  a s  the v i scera l p leura l  membrane. 

Figure 30.1 The two separate blood supplies to the lungs. The bronchial arteries (high 
pressure) arise from the aorta. The pulmonary arteries (/ow pressure) arise from the right 
side of the heart. 



� PART B: CLINICAL PROBLEMS 

CAU SES O F  HAEMOPTYSIS 1-3•5- 1 1  

The patient who coughs u p  blood has one overwhelming fea r-that h e  has 
cancer. Knowledge of the numerous causes of  haemoptysis -a nd the frequency 
of their occurrence- is essent ia l  (Table 30.2 ) . 

Figure 30.2 Haemoptysis due to acute 
bronchitis. The bronchial arteries arise 
from the aorta and nourish the walls 
of the inflamed bronchi. Inflammation 
around and involving the bronchial arterial 
capillaries can cause a mild haemoptysis. 

Figure 30.3 Haemoptysis due to 
bronchiectasis. The chronic inflammation 
can cause localised proliferation of the 
bronchial arteries; these vessels may become 
friable and cause a mild haemoptysis. 
Sometimes the bronchial arteries are actually 

c------------, eroded by the inflammatory process and a 

Figure 30.4 Haemoptysis due to 
pulmonary tuberculosis. The high 
pressure bronchial arteries can be eroded 
by the tuberculous inflammation. In this 
example a cavity has involved a bronchial 
artery, and a potentially massive 
haemoptysis could result. Erosion of low 
pressure pulmonary arteries or capillaries 
may also occur in chronic tuberculosis. 

massive haemoptysis results. 

Figure 30.5 Haemoptysis due to 
pulmonary thromboembolic disease. Emboli 
have lodged in the low pressure pulmonary 
arterial circulation. An embolus may cause a 
mild or moderate haemoptysis. 
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Table 30.2 Causes of haemoptysis '-3•5-1 1 • 

Cause Notes 

1 .  Infection 

.J Acute bronchitis 

.J Pneumonia 

Lung abscess 

..J Tuberculosis  

.J Bronchiectasis 

2 .  Neoplastic 

... Bronchial  carcinoma 

..J Other lung tumours 

3 .  Pul monary embol ism 

4. Cardiac 

.J Mitra! va lve disease 

Congestive heart fa i lure 

5 .  Vascular 

.J Vascu l it is 

- Wegener's granulomatosis 

- Systemic lupus erythematosis 

... Id iopathic pulmonary 
haemosiderosis 

Arterio-venous malformation 

6. Trauma to the thorax 

7. Drugs 

Aspi r in I warfarin I cocai ne/ 
pen ic i l lamine 

8. G lomerular inflammation 

9 .  Catamenial haemoptysis 
(menstrual-re lated) 

1 0. U NEXPLAINED 

Common in  Europe and North America 

Also common 

Less common 

Less common 

Less common 

Haemoptysis is  the present ing symptom 
in  approximately 5 0% of primary 
carcinomas 

Metastatic carcinoma. Particularly: breast, 
kidney, colon, oesophagus, choriocarcinoma 

The haemoptysis is  usua l l y  m i l d  and the 
expectorate i s  often described as p ink  
and frothy 

Rare. Presents in chi ldhood 

Lung contusion or penetrating injury 

Goodpasture's syndrome 

Month ly. A very rare cause in young women 

Figures vary, As many as 20% of all patients 
presenting with haemoptysis6 
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C L I N I CA L  I NVESTIGATION /MANAG EMENT ������������ 

(1 ) MASSIVE HAEMOPTYSIS: RARE BUT AN EMERG ENCY 

Massive haemoptys i s  i s  arbitra r i l y  defined as cough ing up more than a cup 
of b lood (200 ml )  i n  24  hours .  Th i s  is a medica l emergency and necess i tates 
immediate hospital admiss ion and i n-patient i nvestigation and treatment. 

The causes of massive haemoptys i s  a re shown i n  Tab le  30 . 3 .  H igh pressure 
( i .e .  aort ic pressu re) vessel s  are eroded. Severe haemorrhage resu lts. 

Usua l l y, the pathology i nvolves the bronch ia l  a rtery c i rcu l at ion.  Asphyxiat ion 
by b lood i s  a ser ious r isk. 

B lood transfus ion and embo l i sation of the affected a rtery may be necessary. 

Table 30.3 Causes of massive haemoptys is ' .  

Common Uncommon 

Bronchiectasis 

Cystic fibrosis 

Tubercu losis 

Lung abscess 

Aspergi I loma 

Pu l monary contus ion/trauma 

I nvasive aspergi l los is 

Mitra! stenosis 

Pulmonary arteriovenous ma lformation 

Arterial fistula with an a i rway 

B leeding diathesis 

Inha led foreign body 
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(2) MILD HAEMOPTYSIS: MUCH MORE COMMON 

Mi ld  haemoptysis i s  defi ned as sorne b lood in the sputurn . . .  genera l l y  a l itt le 
spott ing or  a few rn i l l i l i tres on ly. 

M i l d  haernoptysis is re lative ly cornrnon . 

The rnost frequent causes a re acute bronch it is, pneumon ia ,  bronch i a l  
carc inorna, bronchiectas is, a n d  pu lrnonary ernbo l isrn. 

The preva lence of these d i seases varies frorn country to country. 

The patient can be i nvestigated as an outpatient . 

The CXR (frontal and l ateral projections obta i ned as a pa i r) can have an 
i rnportant irnpact on the further rnanagernent of the ind iv idua l  patient. 

The vast rnajority of pat ients p resent ing with a rn i l d  haemoptys i s  and who 
have norrna l  fronta l -and la tera l -CXRs have benign d i sease. A management 
a lgor i thm can be constructed based on the CXR fi nd i ngs (Tab le 30 .4) .  

Table 30.4 I nvestigat ion/ management of mi ld  haemoptysis. 

Normal 

I 
Treat as for bronchit is 

I 
If haemoptysis 

subsequently becomes 
recurrent then schedule for 
CT and/or bronchoscopy 

Frontal CXR AND lateral CXR 

Abnormal  

I 
Cl iok'I cweletioo dTm ioe• <he ""' .t�p 

History Clinically Clinically 
trauma s imple infection neither s i mple 

Manage as for 
trauma 

Treat as for 
infection 

infection nor 
trauma 

CT 
and/or 

bronchoscopy 
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THE CXR: A B N O RMAL A N D  NORMAL 

CXR ABNORMAL (1 ) PROBABLE CAUSE SUGGESTED 

Examples ( Figs 30.6-30.9) i nc l ude pneumon ia, pu l mona ry oedema (hea rt 
fa i l u re), bronch i a l  carc inoma, metastatic l ung d isease, bronch iectas i s and 
traumat ic pu lmonary contus ion. 

Figure 30.6 Mild haemoptysis. 
Due to infection. Lobar pneumonia. 

Figure 30.7 Haemoptysis due to a 
bronchial carcinoma. A central tumour 
at the right hi/um. In most instances of 

---------:r=i!;.-;;ir-:,------, haemoptysis resulting from a lung carcinoma 
the bleeding is mild and caused by the 
tumour eroding small vessels. 

Figure 30.8 Haemoptysis in a young 
patient with cystic fibrosis. The CXR 
shows extensive bronchiectasis: ring 
shadows (cystic dilatation of bronchi) 
and tramline shadows (bronchial wall 
thickening). The chronic inflammation 
erodes friable mucosa/ vessels and 
causes bleeding. 

Figure 30.9 Haemoptysis secondary to 
elevated pulmonary venous pressure. In this 
case clue to mitral valve disease. The sputum 
was pink and frothy rather than red. 
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CXR ABNORMAL (2) POSSIBLE CAUSE SUGGESTED 

Examples ( F igs 30 . 1 0-30 . 1 3 ) :  

Tubercu los is . . .  from the d istribution and features of  the shadowing (p.  1 34) .  

Bronchiectas i s  ( i f  m i nor/subt le CXR abnorma l i ty, p .  322 )9 .  

Sol itary pu l monary nodu le  (SPN) suggests bronch i a l  carcinoma, or 
metastas i s, or a ra r i ty such as Wegener's granu lomatos i s .  

Figure 30. 1 1 Mild haemoptysis due to 
bronchiectasis. The crowding of vessels 

"""-''-....'..--' and the prominent tramlines (thickened 

Figure 30. 1 0  Haemoptysis due to 
post-primary tuberculosis at the left 
apex. The chronic inflammation has 
caused erosion of friable vessels. The 
bronchial arterial or the pulmonary 
arterial circulation may be affected. 

Figure 30. 1 2 Mild haemoptysis 
due to a SPN in the left lower zone. 
This SPN was a primary bronchial 
carcinoma. 

bronchial walls) at the right base raised the 
suggestion of bronchiectasis. Bronchiectasis 
was subsequently confirmed on CT 

Figure 30. 1 3  Mild haemoptysis due to 
Wegener'.s granulomatosis. Necrotising 
lesions can erode blood vessels and cause 
bleeding. This left mid/upper zone lesion is 
cavitating. 
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CXR NORMAL- IMPLICATIONS AND USEFULNESS 

I n  most patients present ing with a m i ld haemoptysi s  and no other symptoms 
a normal CXR i s  good news. Remember that a latera l CXR shou l d  a lways be 
part of the haemoptysis CXR i nvestigation protocol .  

Many patients with a norma l CXR wi l l have either acute bronch it is or a 
pseudohaemoptys i s .  

I f  the haemoptys i s  recurs then CT and/or bronchoscopy wi l l be i nd icated 
(see Tab le 30.4) .  

Any symptom or s ign that cou ld be attri butable to a pu lmonary embo l us (PE)  
means that  th i s  must be the defau l t  d iagnos i s-even i f the fronta l a nd l atera l 
CXRs appear norma l  (see Chapter 23 ). 

A massive haemoptysis- 200 ml or more i n 24 hours - i s  most common ly due to 
an i nflammatory condition eroding bronchial  a rtery vessels. 

Mortality from a massive haemoptysis can be as high as 50%5. Death resu lts from 
asphyxiation because the a i rways are flooded with blood. 

In the majority of cases of m i ld haemoptysis the underlying cause is benign and 
self- l imit ing10. 

Despite thorough i nvestigation the cause of haemoptysis remai ns u nexpla i ned in a 
significant number of patients. Figures vary between different series, but may be as 
many as 20-30% of cases6· 1 1· 11. 

Persistent haemoptysis and a normal CXR. Approximately 5% of these patients w i l l  
have a bronchial carcinoma 13 .  

The majority o f  patients with a PE have some abnormality on the C X R .  Often 
m inor- but an abnormality is present. Total ly and u nreservedly normal PA and 
lateral CXRs makes a PE un l ikely" (see p. 293). 
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3 1 SYSTEMIC H Y P E RTE S I O N : 

WHAT TO LOO K FO R 

Causes of arterial hypertension: 

1 .  Essential (95%) 

2. Secondary (5%) 

rena l :  chronic renal fai lu re, renal artery stenosis, acute glomeru lonephritis, 
polycystic disease 

coarctation of the aorta1-3 

other: corticosteroids/oral contraception, Cushi ng's d isease, Conn's 
syndrome-primary a ldosteronism, phaeochromocytoma, acromegaly, 
toxaemia of pregnancy 

Normal blood pressure and hypertension: Cl i n ic measurements are often h igher than 
those recorded at home or as 2 4-hour ambu latory values. There are no un iversa l ly 
agreed absolute measurements . . .  but genera l c l in ic val ues: 

Ideal normal :  1 20 / 80. 

Age 40+: < 1 40/90. 

H igh: > 1 40/90. 

Coarctation of the aorta: A congenital narrowing of the aortic arch. 

Infantile type: a diffuse aortic narrowing between the left subclavian artery and the 
ductus arteriosus. 

Adult type: the narrowing is adjacent or sl ightly distal to the cluctus. The obstruction 
develops gradua l l y  and presentation is commonly due to compl ications occurring 
between the ages of 1 5  and 30 years ' .  

ESSENTIAL H YPERTENSION - WHAT WILL  THE CXR S H OW? 

I n  the  vast major ity of  patients with essent ia l or secondary hypertens ion the CXR 
features a re u nre l ated to the underly i ng cause. The role of the CXR i s  very bas ic 
and  s imple:  to show whether obvious card iac changes resu lt i ng from the rai sed 
b lood pressure a re present. These are :  

card iac  en la rgement 

features of e levated pu lmonary venous pressure (p. 1 58) 
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COARCTATION O F  T H E  AO RTA 

This i s  the one cause of system ic arter ia l  hypertension i n  which eva l uation of the 
CXR must inc l ude more than an assessment of card iac comp l i cations. There a re 
two circumsta nces: 

I n  a particu la r  patient the phys ician may, 011 c l in ica l exami nation, consider 
that coarctation i s  possib le .  

The diagnosis may be completely unsuspected. The CXR findi ngs may be the 
first int imation of coarctat ion. Most of the coarctations that present after the 
fi rst year of l i fe ai-e usua l ly post-ducta l and these patients a re often symptom 
free. Frequently aortic coarctation is d i scovered inc identa l l y, not s imp ly 
because of hypertension or a murmur  but serend ipitous ly because of an 
abnormal CXR .  

EVALUATING THE CXR3-5 

The na 1·rowi ng of the aorta is shown i n  F ig .  3 ·1 . 1 .  

(b) 

(a) 

• 
Figure 3 1 .1 Coarctation. To show the site of the aortic narrowing at, or close to, the 
isthmus of the aorta. (a) Frontal CXR. (b) Lateral CXR. The aortic isthmus is the anatomical 
site of the junction of the arch and descending aorta. 
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Look for - rib notching3,5 

Resu l t ing from the development of a col lateral c i rcu l ation i nvolvi ng the 
poster ior i ntercosta l arteries. The d i l ated arteries cause pressu re eros ion of 
the poster ior and  i nferior aspects of the ribs . On ly  r ibs 3-9 a re affected. 

Usua l l y  b i l atera l ;  occasiona l l y  u n i l atera l .  The notch ing is often asym metrica l  
(F ig .  3 1 .2 ) .  Notch i ng i s  rarely evident below the age of  five years. 

The roof of each notch shows some reactive scleros i s5 ( i .e . dens ity), because 
the d i l ated posterior i n tercostal a rteries exert a longstand i ng pressu re effect 
on the r ibs.  

Figure 3 1 .2 Coarctation. The rib notching results from the anastomosis betwe n the 
internal mammary arteries and the descending aorta -via the posterior intercostal arteries. 
The dilated posterior intercostal arteries cause the rib notching. 
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Look for - an abnormal mediastinal shadow3 

An abnormal  aort ic knuck le is usua l  i n  adu l ts .  It is often evident even in young 
ch i l dren .  There a re a va r iety of configu rations ( Figs 3 1 .3-3 1 .6)3. 

1 .  Double knuckle: 

The "figure 3" configuration . The superior bu lge i s  caused by an  en l a rged left 
subclavian a rtery and/or  the aortic a rch .  The i n ferior bu lge is d ue to post
stenot ic  d i l atation of the aorta (F ig.  3 1 .3 ) .  

2 .  H igh knuckle:  

Cau sed by an  en l a rged left subclav ian artery and/or aort ic a rch . .  but  there i s  
no apprec iab le post-stenotic d i l atation ( F ig .  3 1  .4) .  

3. Low knuck le :  

The post-stenotic d i l atation is the domi nant shadow (F ig.  3 1  .5 ) .  

4. F l at kn uck le :  

Due to an  i nconspicuous left subclavian artery, a sma l l  aort ic a rch, and no 
post-stenotic d i l atation (F ig .  31 .6) . 

Figure 3 1 .3 Mediastinal shadow. 
Double knuckle or "figure 3 "  
appearance. 

Figure 3 1 .4 MediasUnal shadow. High 
knuckle configuration. 
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Figure 31 .5 Mediastinal shadow. 
Low knuckle configuration. 

Look for- cardiac en largement 

Figure 3 1 .6 Mediastina/ shadow. Flat 
knuckle configuration. 

In ch i l d ren w ith coarctation an en la rged heart is common and is clue to left 
ventri cu la r  hypertrophy3. Adu lts with coarctation usua l l y  have a norma l carcl io
thoracic  rat io un less the1·e i s  accompanyi ng aortic valve d i sease or heart fa i l u re.  

Figure 31 .7 Adu/£. Coarctation. The main finding is the posterior and inferior rib 
notching. The mediastinum demonstrates a (somewhat) high knuckle appearance. 
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AN I NTERESTING CONDITION
PSEUDOCOARCTATION (AKA KI N KED AORTA)6-8 

Aetiology I pathology 

Closely related to coarctatio11 but there is 110 pressure gradient across nor obstruction 
to the aortic l umen . An elongated and h igh aorta is k inked at the isth mus. There is no 
col lateral c i rcu lation and so there is 110 rib 11otchi11g. 

Clin ical features 

No abnormal findi ngs attributable to the kink. Often detected solely as a11 incidental left 
sided "mediast inal  mass" 011 a CXR. 

The CXR 

A left-sided "mass" is projected above the aortic arch. A lateral CXR is very useful 
and w i l l  usual ly suggest that the mass is s imply clue to the h igh aortic arch .  A CT 
exami nation with sagittal reconstruction w i l l  exclude a mass lesion or a11 aortic 
aneurysm and wi l l  confirm the diagnosis of pseudocoarctation. 
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3 2  B L U NT TRAU MA: 

W H AT TO LOO K FO R 

Fol l owing an i njury to the thorax, a CXR is usua l ly the basel ine radiograph ic 
examination. 

A norma l CXR wil l  often provide considerable c l in ica l  reassurance. 

Decid ing that the CXR is normal depends on an i nformed and accurate assessment of 
the i mage. 

MVA: motor veh icle accident (USA) RTA: road traffic accident (UK) 

E I G H T  Q U ESTIONS 

A b l unt  i n ju ry. There a re eight frequently asked questions: 

Fractures? 

Pneumothorax? 

Pneumomed iast inum?  

Aort ic rupture? 

Trachea-bronch i a l  in j u ry? 

Lung contus ion?  

Card iac  t1·auma?  

Ruptu red d iaphragm? 

Q U ESTIO N  1 -ARE TH ERE ANY FRACTU RES? 

MINOR THORACIC TRAUMA 

There is no i nd ication for a rout ine CXR i n the majority of these patients . 
Demonstration of a s imp le  r ib fracture on a rad iograph wi l l not affect treatment. 
The only i nd ication for a CXR is to excl ude a pneumothorax in a pat ient in 
whom the pain or  other symptoms ra i se this poss ib i l i ty. Obl ique views of the 
ribs a re not i nd i cated. 
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MAJOR THORACIC TRAUMA 1-6 

Particu l a r  s i tes need spec ia l  attention ( F igs 32  1 -32 . 3 ) .  

Double check ribs 1 -3, the clavicles, and the scapulae7·8 

Figure 32.1 There is a close 
relationship between the 
subcla11ian artery and the 
posterior aspect of the first 
rib and the clavicle. The first 
rib is very strong. If an injury 
causes a fracture of this rib 
then it should be assumed 
that a very powerful blow 

L___::...!_;_.._�-�---'""-----'------",_�-�==----' has been sustained. 

A fracture involv ing ribs 1 -3 usua l l y  resu lts from a very severe force. 
Important soft t i ssue and vascu la r  i nj u ries a re potentia l  comp l i cat ions. 
These inc l ude: 

Arter ia l  or venous rupture; a r i s ing from the c lose re lat ionsh ip  of the first 
rib to the subclavian vessel s .  

Rupture of  a bronchus .  

B rach i a \  p l exus i nj u ry. 

A fracture of the c l avic le or scapu la  may i nju re the subc lav ian a i-tery. 

Figure 32.2 Fracture of the first 
rib and a laceration of the adjacent 
subclavian artery. 

Figure 32.3 RTA.  Fractures of the left 
clavicle, third rib, and scapula. Clearly, a 
very violent force had occurred. The priority: 
clinical assessment to rule out a vascular 
injury. 
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Double check ribs 1 1 -1 2 

A fracture of either of these floati ng ribs may cause a l aceration to the l iver, 
sp leen, or k idney (F ig .  32 .4). Look very ca refu l ly because th i s area of the 
rad iograph i s  often underexposed. 

Look for a flail segment 

Figure 32.4 The spleen, 
kidney and liver ar at risk 
when a fracture of ribs 1 1  or 
12 occurs. 

A fla i l  segment is c l i n ica l ly i mportant because it may cause paradox ica l  
movement o f  the adjacent l ung, which can adversely affect gas exchange. 
Th is  effect va r ies between patients. Mechan ica l venti l at ion may be requ i red . 

A fla i l  segment i s  defi ned as two fractures in each of two or more adjacent 
ribs. I t  may a l so:  

Resu l t  from a fracture i nvolv ing the sternum and /or a fractu re extend ing 
across the m id l i ne  to i nvolve the opposite r ibs. 

Involve the costa l ca rti l ages on each s ide of the m id l i ne . When t h i s  
occurs t he  abnormal segment w i l l  not be  recogn ised on a CXR  beca use 
cart i lagi nous fractu res are not vi s ib le on a rad iograph (F ig .  32 .6) . 

A fla i l  segment is a lways assoc iated with under ly ing pu l monary contusion . 

Figure 32.5 The rib 
fractures on the right side do 
not indicate a flail segment. 
On the left side there are 
two fractures in each of two 
adjacent ribs: a ila il segment 

'-------"'-------------'-----' is present. 
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Assess the sternum carefully 

C l i n ica l  suspicion of a poss ib le  fracture of the sternum must be relayed to the 
radiographer (techno logi st) because di agnosis norma l l y  requ i r·es an  add i t iona l  
l atera l (cross-tab le) rad iograph .  

Sternoc lav icu l a r  d i s locations ra rely cause an  impmtant soft t i ssue i n ju ry, but a 
sterna l  fracture a lways ra i ses the poss ib i l i ty of an i nj u ry to the myocard ium.  

1 .  Through cart i lage. A fracture through a r i b  carti lage or a costochondra l  j unction 
(Fig. 32 .6) w i l l  not be detectab le  on a CXR. Cartilage is not v is ib le on a radiograph.  

2 .  Undisplaced. Many rib fractures -through bone-are i n it ia l ly  unclisplaced and a re 
often i nvis ib le. A fracture may only become evident on a subsequent CXR. 

Figure 32.6 Several fractures through costal cartilage. 
These will not be detectable on a CXR. Note that a 
radiographica/ly invisible flail segment is also present 
because fractures are present on each side of the midline in 
two adjacent costal cartilages (i.e. in the ribs). 
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Q U ESTION 2 - I S THERE A PNEUMOTHORAX? 

Fol lowing v iolent trauma the CXR is obta ined with the pat ient ly i ng on a 
trol ley or exami nation couch. A large pneumothorax w i l l  be obvious . Sma l ler  
pneumothoraces are more d ifficu l t  to detect on a supine CXR. Recogn is ing a 
sma l l  pneumothorax i s  i mportant-particu l arl y if the patient i s to be treated 
with posit ive pressure venti l at ion. 

The features i nd icat ing a pneumothorax on a supine CXR a re descr ibed i n  
Chapter 7 ,  pp. 97-1 00. 

Figure 32.7 Left-sided 
flail segment shown by two 
fractures in each of ribs 5, 6 
and 7. 

Figure 32.8 Pneumothorax. When the injured patient is lying supine, air in the pleural 
space collects at the highest point-i.e. anteriorly (a). On the frontal CXR the visceral 
pleural line may not be evident. The diagnosis will need to be made by scrutinising the 
areas around the dome of the diaphragm and adjacent to the lateral border of the heart 
(b). The black line outlining the diaphragm indicates a pneumothorax: see p. 97 for a 
detailed description. 
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Q U ESTI O N  3 - IS TH ERE A PNEU MOM E D I ASTI N UM? 

Pneumomed iast i nu 111 fo l lowing trau 111a may resu l t  fro111 a :  

tear o f  l u ng t issue 

pneu111othorax 

rupture of the trachea or bronchus 

rupture of the oesophagus 

r·upture of an  intra-abdomina l  v i scus 

The CXR appearances of a pneumomed iasti nu 111 a re described i n  Chapter 8, 
pp. 1 2 3-1 2 7 .  I f  ser ia l  CXRs show a pers istent severe pneu111omed i ast i num 
(+/- pneumothorax) then consider whether there i s  a n  u nrecogn i sed 
tracheobronch ia l  ruptu re (p. 366) or an unrecogni sed oesophagea l rupture.  . .. . . 

Figure 32.9 Male. Age 56. Intoxicated and fell over Supine CXR. Multiple rib 
fractures. Air outlines the descending aorta; it has also dissected outside the pleura and 
appears as a black line along the surface of the right dome of the diaphragm. This is an 
extensive pneumomediastinum. Several mechanisms could explain the presence of this 
mediastinal air-e.g. a traumatic pneumothorax or a tear through the trachea, bronchus 
or oesophagus. In this patient the air had arisen from a tear of the lung parenchyma with 
subsequent dissection through the interstitial tissues, thence to the hi/um, and out into the 
mediastinum. 
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Q U ESTION 4 - IS THERE AN AO RTIC R U PTU RE? 

RUPTURE- STATISTICS 

80-90% die immediate ly. 

50% of ea r ly  survivors d ie  with i n  24 hou1·s if u ntreated . 

2-5% of u ntreated su rvivors w i l l  l ive. An aneurysm w i l l  eventua l ly deve lop 
at the s i te of i n j u ry. It may rupture at any t ime duri ng the fol lowing y a rs . 

CXR APPEARANCE 

In most cases of aortic ruptu re the mecl i asti num or aort ic contou r wi l l 
appear widened. The fol l owing CXR features a re very suggestive of an aortic 
i n ju ry1.J.10. 1 1 : 

w idened mecl iasti num 

lobu l atecl aortic out l i ne 

trachea d isp laced to the r ight 

A haemothorax shou l d  a lways raise the poss ib i l ity of a la rge vessel i nj u ry 
(e.g. the aorta) . 

Major arterial injury 

If poss ib le  obta i n  an erect s i tt i ng-up CXR. 

A completely norma l mecl i asti na l  contour on the s itt i ng-up CXR wi l l  excl ude 
the d i agnosis of a major a rteria l inj u ry2 . 

The fo l l owing signs are of modest va l ue in h i nt i ng at a defi n ite a rter ia l i n j u ry. 
Thei r  i mportance l ies i n  a lerting the phys ic ian that a major  abnorma l i ty 
m ight, j ust poss ib ly, have occurrecl . . .  but their positive pred ict ive va l ue i s  
low2. 

An ap ica l  p leu ra l  cap. Haemorrhage d issect ing externa l to the p leu ra and  
extend i ng over the  apex of  a l ung. 

Mecl i ast i na l  width greater than 8 cm at the level of the aortic a rch on a n  
AP racliograph .  

F1·actures of  the first or second ribs . 

Mediastinal widening 

Mecl i ast i na l  widen ing is not necessar i ly  bad news. In approx i mate ly 80% 
of trauma patients with true mecl iast i na l  widen ing-this  is not cl ue to aort ic 
rupture.  The widen ing i s  cl ue to b leed ing  from sma l l a rteries and sma l l vei ns . 



Figure 32. 1 0  Deceleralion injury. 
Aorlic rupture a l  lhe isthmus. 
The haematoma has widened the 
mecliastinum, ex/enc/eel over the 
apex oi the lei/ lung, and ii has also 
displaced the trachea to the right. 
Some blood has leaked inlO the left 
pleural space. 

BLUNT TRAUMA: WHAT TO LOOK FOR [365) 

Figure 32 . 1 1 Male. Age 38. tnA. 
Aortogram following in/ravenous injection of 
contras/ medium. Ruplllre of lhe aorta al its 
isthmus. Aorlic isthmus: the junclion of the 
aortic arch and the descending aorta. 

Figure 32. 1 2  Female 
Age 54. RTA.  Widened 
mediaslinum; trachea 
displaced to the right (i.e. 
by a large haematoma). 
Fur/her investigation revealed 
a rupture of the aorta at 
the isthmus. The isthmus is 
a relatively fixed site and is 
thus vulnerable to a violent 
deceleration force. 
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Q U ESTI O N  5 - I S T H E RE A TRACH EO-BRONCH I AL R U PTU RE? 

These i nj u r ies resu l t  from very v io lent  trauma - usual l y  a dece lerat ion force 
appl ied to the anterior chest wa l l .  An i nj u ry to the great vessel s or an  intracran i a l  
i nj u ry a re recogn i sed assoc iations o f  trachea l o r  bronch ia l  ruptu re. 

CXR featu res4• 12 suggest i ng  a tea r of a ma in  a i rway (transect ion or ruptu re) : 

Pneumomediasti num.  

Lobar co l l apse. E i ther because the  torn bronchus resu l ts i n  deflati on, or 
becau se blood occl udes the bronch ia l  l umen . Whatever the cause, a 
lobar col lapse may not occur  for a few days. 

A pneumothorax that does not resolve fol lowing in tercosta l tube 
dra inage12. 

P i tfa l l :  the s ign ificance of any one of these th ree important CXR featu res 
may not be appreciated . . .  because their appearance can be delayed . 

Consequences of a tea r/rupture:  

H igh morta l i ty. 

B roncho-pleura l  fistu la .  

Eventua l  bronchostenosis (scarri ng wi th  narrowi ng). 

Figure 32.1 3 Violent 
trauma. Rupture of a main 
bronchus. This can cause 
a pneumomediastinum 
(arrows), and/or a 
pneumothorax that tails to 
absorb following insertion of 
an intercostal drain, and/or 
persistent  lung or lobar 
collapse (i.e. persistent lung �-------------------� deflation) . 
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Q U ESTIO N  6 - IS TH ERE L U N G  CONTU S I O N ?  

Contusion i s  very cornmon fol l owing a violent i nju ry. I t  appears as a n  a rea of 
consol idat ion, s irn i l a r  in appearance to lobar pneurnon i a .  

The con sol i dat ion2·3·5· 1 1  rnay: 

Be p resent on the i n i t i a l  CXR.  Usua l l y, i t  wi l l  be evident with i n  s ix  hours 
of the i n j u ry. 

Cavitate.  

Take four to s ix  weeks to c lear. Clear ing can be part icu la r ly  s low if 
contus ion has been accornpan ied by a laceration through the lung 
parenchyma .  

NB :  the  d i fferent ia l  d i agnosis for an  a rea of  conso l i dat ion on the CXR:  

Lung contus ion. 

Asp i rat ion pneurnon ia .  

Adu l t  resp i ratory d i stress syndrorne. 

Fat embol is rn .  

A comb ination of  any  of  the  above. 

Figure 32. 1 4  Blunl trauma. Lung 
contusion. Various appearances may 
resuh: an area of consolidation (righ1 
lung); or cavilalion; or a cyslic area, 
i.e. a pneumatocoele (left lung). 

Figure 32.1 5 Male. Age 23. RTA. Lefl-sided 
rib fractures (note that a flail segment is 
presenl) .  Pneumothorax. The consolidation 
in lhe lefl upper lobe is an area of lung 
conlusion. 
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Q U ESTI ON 7 - IS TH ERE AN I NJ U RY TO T H E  H EART? 

The sternum and thoracic spine protect the hea rt and peri card i um from on 
penet1·at ing i nju r ies .  The demonstrat ion of anterior r ib fractures or a sternal 
fracture shou ld a lways raise the poss ib i l i ty- not the probab i l i ty- of a 
myocard i a l  i n j u ry. The CXR is usua l l y  unhel pfu l  i n  excl ud i ng the poss ibi l i ty of 
perica rd ia !  or myocard i a l  damage. Echocard iography provides a much more 
sensitive eva l uat ion .  

Q U ESTI O N  8 - IS THE DIAPHRAGM NORMAL? 1-1- 1 7  

Rupture of  a dome of  the d iaphragm occurs i n approx imately 5% of cases of 
severe thoracic trauma ' .,· 16 . A rupture is more common with bl unt t rauma than 
with a penetrat ing i n ju ry. The mechan ism of i nj u ry is usua l l y  a sudden r i se of 
i ntra-abdomina l  pressure from violent compress ion to the abdomen or lower· 
thorax 1 •  

A rupture may affect e i ther dome. The left dome i s  more common ly 
i nvo lved '., - in the ratio of 4 : 1 . A few cases are b i l ate1·a l .  

I n  50% o r  more o f  cases herniat ion of abdomina l  vi scera th rough the rupture 
is del ayed '"- Delay may be two or more years a fter the i nj u ry and resu lts 
from a sma l l  tear subsequent ly i ncreas ing i n  size. 

The fo l l owing CXR features suggest a tear of the d i aphragm2•3· 1-1- 17: 

Gas-conta i n i ng viscus i n  the thorax ( F igs 32 . 1  7 and 32 . 1 8) . 

Abnorma l contour of a dome (F ig .  32  . 1 8) .  

A signif icant change to the shape of a dome compared with a previous 
norma l  CXR. 

Left dome: t ip of a nasogastr ic  tube situated unusua l ly h igh .  

R ight dome: sma l l  h aemothorax with an  unexpected ly h igh dome. 



Figure 32.1 6 The diaphragm 
viewed from below. Sagittal rupture 
through the central tendon and 
muscular part of the left dome from 
an antero-posterior compressive 
force. The tendon has a relatively 
poor blood supply and when 
ruptured it heals slowly and less 
effectively than the surrounding 
muscle. 
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Figure 32.1 7 Male. Age 35. R TA. Widened 
mecliastinum (clue to a haematoma from 
ruptured veins). Mult.iple rib fractures. 
Seemingly high left dome of the diaphragm 
with the stomach gas bubble also unusually 
high. Diaphragmatic rupture with herniation 
of part of the stomach into the thorax. 

J Figure 32. 1 8  Rupture 
of both the right and left 
domes of the diaphragm. 
The diaphragm is injured in 
approximately 5% of severe 
thoracic injuries'·'· "' and 2 2 %  
o f  all thoraco-abdominal 
injuries '. Some 33% of these 
injuries are diagnosed three 
years after 1he trauma . .  
somelimes because the 
abnormal CXR fealures 1vere 
previously overlookec/3. The 
mosl common site of injury is ------�-__J al the apex of lhe lefl dome. 
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FACTS AND F IGURES 

Fol lowi ng major trauma-20% of a l l  deaths are due to a thoracic inj u ry. 

Aortic rupture accounts for 1 6% of a l l  RTA deaths•. 

Pneumothorax occurs: 

In approximately 40% of patients fol lowi ng major b lunt  chest trauma'. 

In 20% of patients following a penetrati ng injury to the thorax'. 

Pul monary contusion ( lung bru is ing): 

This is  the most common cause of a pneumothorax result ing from bl unt 
trauma6. 

The pul monary haematoma around a tear of the l ung may take 
weeks -sometimes months-to clear. 

If  the tear communicates with a bronchus then a lung cyst (pneumatocoele) 
may form. 

Post-traumatic pleural effusion• is usual ly due to bleeding from in jury to one or 
more of: 

Lung. 

Chest wa l l .  

Major mediastinal vessels. 

I ntubated patients. On a supine CXR the endotrachea l tube'" should:  

Not l ie  below the level of the aortic arch . 

L ie a m i n i mum of 3 . 5  cm (preferably 5-7 cm) above the cari na. 
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Principal page numbers are 
highlighted in bold. 

Adult respiratory distress syndrome 
1 89-1 91 

Age fifty and older, data on normal 
appearances 2 3 6-243 

AIDS, HIV related infections 1 3 8-1 39 
Air bronchogram 1 46. 208. 2 1 0, 

227, 265 
Al lergic bronchopulmonary 

aspergi l losis 340-341 
Alpha 1 -antitrypsin deficiency 289 
Alveolar 

analomy 32 
cell carcinoma 1 40, 1 46 
pulmonary oedema 38, 1 60 
rupture 1 23-124, 1 29, 209 
shadowing 34 

Alveolar disease vs interstitial disease 
32--41 

Analysis 
blacker lung 254-263 
multiple nodules 276-2 8 1  
solitary nodule 268-275 
white out 265-267 

Anatomy, normal 
alveolus 32 
arteries, lungs 342-343 
Batson's venous plexus 307 
cardiac conducting system 1 64 
cardiac valves 1 56-1 57 
diaphragm 1 8, 369 
heart 1 50, 1 56, 1 57 
hi la  1 9, 56, 70, 240 
interslitium 32 
lateral CXR 1 6-25 
lobes of lung viii, t 6, 20, 81 
mediastinum I 08-1 1 6  
milral valve 1 56-1 57 
neonatal circLdation 2 1 5  
paravertebral l ines 1 1 2-1 1 3  
pleura 80-81 
pulmonary arteries 56, 70-7 1 ,  

1 62 
Aneurysm 

aortic 302-303 
left ventricular 1 54 

Anterior junction l ine 99, 1 1 4--1 1 5  
Aorta 

age related unfolding 68, 26-27, 
240, 302 

aneurysm 302-303 
calcification 300-30 I 
coarctation 352-356 
dissection 298-305, 3 2 7  
pseudo--coarctation 3 5 7  
traumatic rupture 364--365, 370 

Aortic disseclion 298-305 
calcium sign 300-301 
chest pain, and 304, 325, 327 
CXR findings 300-301 , 304 

probabi l i ty estimates 248-249, 
298 

Stanford Types A and B 299 
usefulness of CXR 249, 304 

Apical pleural thickening 88-89, 1 42, 
230, 238 

ARDS 1 8 9- 1 9 1  
Arteries 

bronchial 342-344 
co;:irctation, in 354 
pulmonary 70-73, 342-344 
subclavian, laceration 359 

Asbestos 
bronchial carcinoma, and 1 47 
lung changes 40 
mcsothelioma, and 92, 1 47 
pleural plaques 90-91 

Asth111a ns, 200, 3 1 8-3 1 9, 332,  
338-341 

acute attack 1 2 5, 338-341 
allergic bronchopulmonary 

aspergi llosis 340-341 
what to look for 339-34 1 

Atelectasis. See: Collapse 
Atrial Seplal Defect (ASD) 1 61 , 1 63 
Azygos 

fissure or lobe 67 
vein 67, 1 76, 1 78, 220, 241 

Batson's venous plexus 307 
Beam angulation artefact 9. 49, 1 74 
Blacker lung, a 7, 243, 254-263, 294 

causes 243, 257, 262 
over-fifties, in 243 
step-by-step analysis 258-26 1  

Blunt trauma 358-37 1 
aortic rupture 364-365, 370 
arterial injury 359, 364-365, 370 
cardiac injury 368 
diaphragm, tear 368-369 
eight questions 358 
facts and iigures 3 70 
flail seg111e111 360-3 6 1  
fractures 1 2 ,  358-361 
lung contusion 367, 370 
mediastinal wideni ng 364--365 
pleural effusion 370 
pneumornediast inum 363, 366 
pncumothorax 362, 363, 366, 

370 
tr<lcheo-bronchial injury 1 2 4,  

366 
Bornholm disease 325 
Breathlessness. See: Dyspnoe.1 
Bronchial carcinoma 1 40-147 

apical lesion 88-89, 1 42-143, 
230, 238 

bronchioloalveolar cell carcin-
oma t 40, 1 46, 247. 277 

doubling t ime 2 7 1  
facts and figures 1 40, 1 47 
Golden's S sign 64, 14 7 

missed lung cancers 1 -W 
tricky, hidden areas 1 3, 1 43 
wha1 to look for 1 40- 1 4 6  

Bronch iectasis 204, 3 1 6-3 1 9, 3 2 2 ,  
346, 348, 3 4 9  

Bronchiol it is 1 98, 200, 26 t , 2 6 2  
Bronchioloalveolar cel l carci noma 

1 40, 1 46. 247, 2 77 
Bronchitis 42, 282, 284,  2 89 
Bronchogenic carci noma . See: 

Bronchial carcinoma 
Bronchopneumon ia 

definition 42-43 
vs lobar pneumonia +I, 1 3 1 - 1 3 3  

Bul loe 26 1 , 285, 286 

Calcification 
aort ic dissection, in J00-30 I 
cardiac 1 5-l, 1 5 6-1 57 
metastases, in 309 
mitral valve 1 56-1 5 -

pleural ploques, in <•G--91 
popcorn 270, 274 
sol itary pulmonary nodule, in 

270-272, 274 
tuberculosis 1 3 7  

Card iac borders 
abnormal 46-50, 1 1 9, 238 
normal 1 50, 238 

Card iac dcnsity l t 7-1 1 8 1 2 1 ,  1 42 ,  
228 

Cardiac d1Sease 1 48-1 63 325 
acquired 1 48-1 60 
atrial septal defect 1 6 1 
calci ficat ion 1 54, 1 56-1 57 
chamber enlargement 1 -W-1 49, 

1 52-153, 1 55 
congenital  1 61 
iailure 38, 1 58-1 60 
mitrdl valve 1 56--1 5 -

pericardial efiusion 1 55 
ventricular aneu rysM 1 54 

Cardiac incisura 26-27, 1 1 6  
Cardiac size 

adults 1 48-149, 1 5.'.-1 53,  1 58 
card io-thoracic rati0 1 0, 1 48 
chi ldren 1 48-1 49, 195 
magnification 5 
normal variation 1 48 

Cardiac valves, position 1 56 
calcification 1 56-1 5 7 

Cari na 
angle 1 1 9- t  20, 1 5C-1 53, 235 
ident ification, in IT.._, 1 86 

Catamenial pneumothora"< 1 06 
Calhcter�. tubes, l ines 

posit ion, ITu 1 75-t 88 
posit ion, neonatal 2 1 4-22-l 

Cavities 
infection 1 3 2, 1 34, 1 3 7 ,  2 7 1  
l ung contusion 3 6 7  
tumour 147, 2 7 1 , 2 -3, 309 



Ccrvicothoracic sign 234-235 
Check lists 

frontal CXR 1 0  

intensive therapy tmit 1 75 

lateral CXR 2 8  

Chest p a i n  304, 324-329 
causes ·1 29, 304, 324-325 
facts and figures 304, 328 
normal CXR, significance of 304, 

327 
rule out aortic d issection JO-l 

Chickenpox 278, 280-281 
Chronic obstructi,,e pulmonary d iseJSl' 

282-289 

bullae 2 6 t, 286, 2 8 7  

causes 282, 2 8 9  

chronic bronch i l is  282,  284, 2U9 
CXR iindings 283-287 

deiinit ion 282 

domes oi diaphragm, and 285 

emplwscma 285-287 

facts and iigurcs 289 

indications ior CXR 288 

saber {sabre) sheath trachea 2US, 

287 
vascular changes 286 

C l i n ical decision making 246-253 

deiinition!,, tcrminologv 250-2 -5 1  

impact o f  CXR 246, 249 

normal CXR, value of 247, 249 

post-test probability 2-lB-25 1  

pre-test probability 248-251 

rule out aortic dissection 2-l9 

Coarctation of aorta 353-356 

aortic knuckle coniigurations 
355-356 

pseudo-coarctation 357 

rib notching 354, 356 

Cocaine, effects 38, 289, 332, 3-l5 

chest pa i n  3 2 5 ,  332 
pncumomcdiastinum, pneumo

thorax 95, t 23, 1 2 9, 328 
Coin lesion. See: soli t<1rv pulmonary 

nodule 
Coins, swallowed 202-203 

Collapse, lung 52-69, 264-267 
atclectasis 52-69 

definitions 52-54 

i mposters 67-68 
lobar 52-69 

white out, and 264-267 

Congenital cardiovascular d ise<1sc 
atr ial  septal defect 1 61 
coarctation oi the aorta 352-356 

Congeniral lob.ir emphysema 203, 
206. 2 1 3, 259, 262 

Consolidation, dciinition -12 

COPD. Sec: Chronic obstructive 
pulmonary disease 

Costa! carti lages 
flail segment 361 

invisible fractures 361 

Costochondritis 324. 328 
Cough, chronic 3 1 6-323 

ace i n hibitors, and 3 1 6, 321 
bronchicctasis, and 3 1 6-J 1 9, 

322 
causes 3 1 6, 3 2 1  

CXR findings 3 t 8-321 

iour common GlUSl'S 3 1 8, 321 
GORD 3 1 6, 3 1 7, l20 

i m estigation 3 1 8, 32 1  

rib fracture. and ]28 

Cryptogenic librosing a lvl•olitis 38. 40 
Cy<tic iibrosis 204, 346, l48 

Dccubitus CXR 2 � 1 
pleural iluid H6. 231  
pneumothorax 97, 1 2 7  

Deep sulcus sign 97-1rn 
Diagnostic tests 2S0-25 I 
Di.-lphragm 

anatomy 1 8, 237,  �69 

continuous, sign 1 25 

COPD, in 21l5 

good inspir<1tion, ;ind 6, 237 
lack ol deiinition 45-47, 49, 2 37 

lateral CXR, on viii, 1 8, 2 9  

m er-fillies, normal 2 1 7 

rupture 368-369 

si lhouette sign, and 45-47 

tension pncumothorax, and 
t 00-102 

Doubling time 
benign vs mal ignilnl lesions 

2 70-2 7 1  
D\ <:pnoea 330-33i 

acute 330, 332 
causes 332-313 

chronic 330, 333 
CXR normal but helpful 336 

iacts and figures 337 
role o i  the CXR 334-3 3 6 

Eas\- reierence, normal CXRs viii ,  2 ,  

1 9, 25 

normal lobes viii, 20 

Edema. See: oedema 
Effusions. pleural 82-88 

cardiac iailure, in 1 58, 1 60 

empyerna 85 

encysted 82-85 

lamellar 82-83 

size, estimates 82-BJ 

subpulmonary 82 , 84, 85, 2-12 

" hite out 87, 264-267 
Ernplwsema 282-289 

bull,1e 1 06, 26 t ,  285 , 286, 287 

compensatory 57, 262 

congen ital lobar 262 

COPD 262, 282-2119 
mediastinal 1 23-129, 2 1 0  

Ernp\ema 88 

Endotrache;d tube, position 1 86-187, 
22 1 , 370 

movement up and down 1 86. 
22 1 

Esophagus. See: oesoph<igus 
Extrapleur<il lesion 92-9J, 229 

vs intrapleural 93, 229 
,.s pulmonar) 93, 229 

Faus and Figures 
bronchial carcinoma 1 47 

chest pain 328 

COPD 289 

clysp noea 3 J i  

haemoptysis 3 5 0  

I NDEX [iii 

patients in ITU 1 92 

pulmonary embolism 296 

trauma, blunt 370 

Fat embolism 296 

Fat epicard ia l  26-27, 49, 68, 1 5 1 ,  
2 lB-239 

Fibror,ing ;dveolitis 38. 40, BS 
FissLJrl'S, lung 

,111aiorny viii,  c:;5,  81 
a1vgos 67 

horizontal viii,  1 6, 20, 55,  8 1 ,  
2 4 1  

obl iqL1c.• viii, 1 6, 2 0 ,  55,  8 1  

F l a i l  <egmcnt 360-3 6 1 ,  362 

Forrign bod) 
aspiration 53,  201 , 262, 330 

ingestion 202-203 

Goldt'ri's S <ign 64, 1 47 

Gold Standard 250, 290 

Granuloma 269, 2 7 1  

Haemoptysis 296, 342-351 
causes 344-345 

!acts ,1nd figures 350 

investigation 3-t6-34i 

massive 342, 346 
mi ld  342, 347 
role of the CXR 347-350 

unexplained 3-15, 350 
Hamartoma 269, 274 
Hampton's hump 295 

Heart. See: Cardiac 
Hemoptysis. See: H;iemoptysis 
l-l iatuc;; hernia 30, 67, 1 22, 320, 3 2 i  

H iddl'n, tric...kv areas 1 0, 1 3. 1 -13 , 3 3 3  

Hila  1 9, 24, 2 8 ,  70-79, 1 99, 240 

abnormal 5 7-66, 74-79, 1 2 1 ,  

1 4 t ,  306-3 1 0  

,1ndtomy, normal 56, 70-71 
assessment rules 76 

causes of enlargement 78 

convergence sign 2 3 3  
densit)' 7 6 ,  1 4 1 

cnlarged 30, 76-79, t 4 1 ,  1 97, 
1 99, 306, 3 1 0  

pnlargcd arteries 76-78, 1 62 - 1 63 

equivocal 76 

hilar point i2 

horizontal vees 56, 73, 76, 240 

1.irge nodes 77-79, 1 4 1 ,  1 45,  

1 47, 1 97,  1 99 

lateral CXR, and 1 9, 24, 28, 30 
lobar collapse, in 57-66, 74 

nonn.i l components 56,  70 

overlav sign 1 1 8, 233 
position, in lhc over·iiities 2-10 

relative levels 56, 70, 240 

H IV. See: Infection 
Horwycomb lung 34, 40 
Hori1ontal h i lar vecs 56, 73-74. 76, 

240 

Hvperlucent 
hcmithorax or lung 7, 2-13. 

254-263 
Hvpertension 352-356 

normal blood pressure 352 

pulmonary arterial 77, 78, 

1 62-1 63, 204 

pulmonary venous 1 58-160 
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Hypertransradiant 
hemithorax or lung 7, 243, 

254-263, 294 

ldiopalhic Pulmonary Fibrosis 38, 40 

lncisura, cardiac 26-27, 1 1 6 

Infection 
children, in 1 98-1 99 

HIV related 1 38-1 39, 289 

pneumocystis carinii (PCP) 1 39 

pneumonia 42-5 1 ,  ·1 30-133, 

1 99 

tuberculosis 1 34-1 3 8  

2 1 st Century 1 30-1 3 9  

Inhaled foreign body 201 , 2 6 2 ,  3 3 8  

Inspiration, adequale 6 ,  2 3 7  

Intensive Therapy U n i t  1 74-193 

assessing the CXR 1 75 

diffuse lung shadows 1 89-1 9'1 

doppler probe 1 88 

facts and figures 1 92 

lines, tubes, wires ·1 75- 1 88 

three film rule 1 75 

lntercostal tube, drain I 00- 1 0 1 ,  

1 84-1 85, 1 92 

Interesting condition/lesion 
al lergic bronchopulmonary 

aspergi I losis 340 

bronchiectasis 322 

catarnenial pneumothorax 1 06 

chickenpox nodules 280 

congenital lobar emphysema 203 

cystic fibrosis 204 

fat embolism 296 

hamartoma 274 

oesophageal spasm 328 

pseudocoarctation 357 

rounded atelectasis 69 

spontaneous pneumo-
mediastinum 1 29 

subclavian crush syndrome 1 73 

twiddler's syndrome 1 72 
Interstitial fibrosis 37, 38, 40 

acronyms, numerous 40 

diagnosis, an approach to 40 

lntersti t ium 
anatomy 32 

disease 34-40 (vs alveolar 
disease 32-4 1 )  

shadowing 34-36, 36-37 

Kerley ll l i nes 34, 1 58-1 59 

Lateral chest radiograph 1 4-3 1 

anatomy 1 6-25 

assessment 28-3 1 

bronchial rings 24 

cardiac chambers 22 

cardiac density rule 22 

cardiac incisurn 26-27, 1 1 6  

checklist 28 

domes of diaphragm, normal -1 3  
fissures, lung viii, 1 6, 20, 81 

hilar shadows 1 9, 30 

lobes, of lung viii, 1 6, 20, 81 

mediastinal compartments, and 
1 08-109 

ready reference, normal viii, ·1 5, 
20, 25 

relrosternal l ine 2 1  

usefulness of 1 4  

Lines and Stripes. See: mediastinal 
stripes, l ines 

lines and Tubes. See: tubes, l ines, 
wires 

Little finger, analogy 59. 7 1 ,  230, 239 

Lobor collapse 52-69, 230 

analysis of the CXR 55-68 

lung lobes, normal viii, 1 6, 20, 

81 

types of 54 
Lobar pneumonia 42-44 

appearance 35, 43-44, 47 

causative organisms 44 

vs bronchopneumonia 44, 

1 3 1 - 1 33 

Lobes of lung viii, 1 6, 20, 81 

Lower lobes 
anatomy viii, 1 6, 20, 81 

beam angulation artefact 9, 49 

collapse 58-61 , 1 45 

Luftsichel sign 65-66 

Lung 
apex 88-89, 1 42, 230, 238 

blood supply 342-343 

col lapse 52-69, 264-267 

consolidation 42 

contusion 367 

fissures viii, 1 6, 20, 55, 8 1  

lobes, normal viii, 1 6, 2 0 ,  81 

markings 36, 286 

reference normal CXRs viii, 2 ,  1 5 

tricky h idden areas 1 3, 1 43 

unilateral hypertransradiancy 
254-263, 294 

venous confluence 1 5 1 ,  239 

Lymphangitis G1rcinomatosa 38, 306, 

3 1 0-31 1  

Mach band 1 2 6, 1 28 

Mecon ium aspiration syndrome 207 

Mediastinal emphysema 1 23-1 29, 208 

angel wing sign 1 25-1 26, 2 1 0  

causes 123-124, 1 29, 208 

coexisting pneumothorax, and 
1 04-1 05 

continuous diaphragm sign 1 2 5  

CXR appearances 1 25- 1 2 7  

v s  pneumothorax 126-1 2 7  

vs pneumopericardium 1 26-1 2 7 

Mach effect, and 1 26, 1 28 

neonatal 1 2 6, 2 1 0  

ring around the artery sign 1 2 5  

sponianeous 1 23, 1 29 

Mediastinal masses 1 1 7- 1 2 2  

causes 1 1 9  

density 1 1 7  

helpful hints 1 22 

lateral CXR 1 2 1 - t 22 

silhouette sign, and 1 1 9 

Mediastinal stripes, l ines 1 1 2- 1 1 B 
anterior junction 1 1 4-1 1 5  

aorto--pulmonary 1 1 4- 1 1 5  

azygo--0esophageal t 1 4 

paratracheal 1 1 2, 242 

paravertebral 1 1 2-1 1 3, 1 1 7-1 1 9, 

232 

posterior junction 1 1 4-1 "J 5  

poslerior tracheal I 1 6  

retroslernal 2 ·1 , 1 1 6  

Mediast inurn 1 08-t 2 9  

onatomy t 08-1 09 

boundaries 1 09 

cardiac incisura 26-27, 1 1 6  

compartments 1 08-1 09, 

1 2 1 -1 22 

contents 109, 1 1 1 

fot col lections 1 1 0-1 1 1 , 1 t 6, 
2 3 9  

lateral CXR, and 1 08-1 09, 

1 2 1 -t 22 

masses 1 1 7- 1 2 2  

normal appearances 1 1 0-1 1 6 

Mesotheliorn• 92, 1 47 

Metaslatic disease 306-3 1 5  

a l  hi lurn 3 1 0 

Batson's venous ple..'-US 307 

bone lesions 3 1 2-3 1 4 

cannonba l l secondaries 309 

common primaries 308-309 

lung lesions 2 7 7-2 79, 309 

lymphangit ic 307, 3 1 0-31 1  

miliary 278, 309 

patterns of spread 307 

pleura 92-93, 307, 31 1  

rib fracture, and 3 1 4 

sol itary lesion 269, 309 

spreading and seed ng 306-307 

tumour routes 306-307 

Middle lobe 
anatomy vi ii, 20, 55, 8 1  

collapse 62-63 

Miliary nodules 1 35-1 36 278, 280, 

309 

Mitr<1 I valve 
anatomy 1 56-1 57 

calcification ·1 56-1 57 

disease 1 52 

Multiple pulmonary noddes 276-281 

calci fied 278 

causes 277 

cavitating 278 

chickenpox 277, 280-281 

mil iary t 35 , 278, 280, 309 

Myelorna 3 1 4  

Neonatal CXR 206-225 

air bronchogram 208, 2 1 0  

bronchopulmonar\ dysplasia 
208, 2 1 0 

catheter, tube, complicat ions 
2 t 7-223 

chronic lung disea� of 
prematuritv 208, 2 ·1 0 

congenital lobar enphysema 
203, 206, 2 1 3  

cystic adenomatoid malformation 
206, 2 1 3  

diaphragmat ic herria 2 1 3  

cnclotracheal tube 2 2 1  

feeding tubes 2 1 4, 222-223 

hyaline membrane disease 
208-2 1 1 

long line 220 

meconium aspiration syndrome 
207 

nasogastric rube 22 2-223 

neonatal circulat io'l, normal 2 1 5  

oesophageal atresia 206, 2 1 3, 

222 



pneumomediastinum ·1 2 6, 208, 

2 1 0  

pneumolhorax n 1 -2 1 2  

pulmonary interstitial 
emphysema 208-209 

respiratory distress syndrome 
208-2 1 1  

surface monitors, various 224 

surfactant deficiency 208 

transient tachypnoea 207-208 

tubes and l ines 206, 21 4-224 

which catheter is  which? 2 ·1 5 

Normal CXR 
clinical decision making, and 

246-249 

diagnostic importance 247, 248, 

249, 327 

frontal, for reference viii, -1 0 

in the over-fift ies, data 
23 6-243 

lateral, for reference vii i ,  25 

probability assessments, value in 
247-249 

reassurance and guidance 
247-249, 304, 3 2 1 , 327, 

336, 350 

Oesophagus 
anatomy 1 82, 369 

chest pa in, and 324, 327, 3 2 8  

nutcracker 3 2 8  

perforation, rupture 1 23-124, 

222, 2 2 3  

swallowed coins 202-203 

Over fift)' yeors old 
oorlic unfolding 26-27, 302 

normal appearances 2 3 6-243 

Pacemaker assessment 1 64-1 73 

electrodes, position of I 66-·1 7 1 

post-placement check lists 1 68, 

1 70 

redundant leads 1 67 

subclavian crush syndrome ·1 73 

l\·viddlcr's syndrome 1 72 

Paediotric 1 94-205 

asthma 200, 338-341 

bronchiolitis 1 98, 200, 2 6 1 -262 

cardiothoracic ratio 1 48, 1 95 

congenital lobar emphysema 
203, 2 1 3  

cystic adenomatoid malformation 
206, 2 1 3  

cystic fibrosis 204 

inhaled foreign body 201 , 3 3 8  

neonatal CXR 206-225 

pneumonia 42-47, 1 99 

swollowecl foreign body 202-203 

th)'lllllS 1 2 5- 1 2 6, 1 94-1 95, 2 t 0  

tuberculosis 1 34-136, 1 97 

wheezing-is it asthma? 200, 

3 3 8  

P,1 in ,  chest 324-329 

P,mcoast tumour 
apical pleural cap, and 88-89, 

1 42-143, 230, 238 

Paratracheal stripe 232, 242 

Paravertebral stripe 1 1 2-1 1 3, 

1 1 7- 1 1 9, 232 

Pectus excavatum 67-68, 2 3 8  

Pediatric. See: Paediatric 
Peribronchial cuffing 1 98, 204, 284 

Pericardia I 
air  1 26- 1 2 7  

effusion 1 55 

Pitfalls 
beam angulation artefact 9, 49, 

1 74 

bedside radiogrophy 4, 9, 49, 

1 74 

blurred heart border 49, 238 

cardiac incisur;:i 26-27, 1 1 6  
fat collections 1 1 1 , 239 

imposters, mimicking lobar 
collopse 67 

ITU CXRs t 74 

lobar collopse 67-68 

Moch effect 1 2 6, 1 28 

pncumothorax in an infant 
2 1 1 -2 t 2 

rotation, effects of 7, 1 0  
silhoucuc sign, and 49 

small inspiration, and 10 
tension pneumothorax 1 02 

tracheo-bronchiJI laccrJtion 366 

tuberculosis, pJllerns 1 34 

venous confluence 1 51 ,  239 

Pleura 80-t 07 

anatomy 80-8 1 

asbestos, and 90-91 ,  1 47 

bleb, pleural 94 

calcification 9 1  

extraplcural lesion 9 3 ,  229 

fibrosis 88-89 

mesothcl ioma 92, 1 4  7 

metastases 92, 3 1 1  

ploques 90-91 

Pleural drainage tubes 1 0 1 ,  1 84-185, 

1 92 

Pleurol effusion 82-88, 1 34, 370 

effect on gastric air bubble 82, 

85, 242 

cmpyema 88-89, l 92 

encysted 82-84 

lomellar 82-83 

on supine CXR 86-87 

subpulmonary 82, 84-85 

volume estimation 82-83, 86 

while out, a 87, 264-267 

Pneumatocoele 1 3 1 ,  1 33, 370 

Pneumocystis carinii  pneumonia 
1 38, 1 39 

Pncumomediasl inum See: mediastinal 
emph)1Sema 

Pneumonectomy 264-266 

Pneumonia 42-5 1 ,  1 30-1 33,  1 99 

aspiration 1 32 

otypical 1 3 1  

bronchopneumonia 42-44, 1 3  ·1 , 

1 33 

cavitation, and 1 32 

community acquired 1 30 

definitions 42 

hospital acquired 1 30 

in children 1 99 

lobar expansion, and 44, 1 3 1  

lobar pneumonia 42-44, 1 3 1 ,  

1 32 

lymphocytic interstitial 40, 1 3 8  

mycoplasma 1 3 I 
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pneurnococcal 44, 1 3 1  

pneumocystis carinii 1 38, 1 39 

round 1 99 

silhouette sign, and 45-47, 49 

six week rule 51 

stoph)'lococcal 44, 1 3 1  

virol 1 32- 1 3 3  

Pncumopcricardium 1 2 6-1 2 7  

Pneumothorax 94-107, 2 1 1 -2 1 2, 362 

cardinal features 96 

catarnenial 1 06 

causes 94-95, 208, 288, 362 

decubitus radiograph 97 

deep sulcus sign 97-98 

expiration radiograph 97 
haemo· or hydro· I 03 

imposters ·1 06 

mediastinal emphysema, and 
1 04-105, 1 26-1 2 7  

ruptured bronchus, and 1 24, 366 

size, rim measurement 1 05 

supine radiograph 97-99, 

2 1 1-2 1 2 , 362 

tension 1 00-102, 2 -1 1 -2 1 2  

triangle of safety I 00-1 0 1 

Posterior junction l ine 1 1 4- 1 1 5  

Post-test probabil ity, CXR and 247-2 5 1  
Pre-test probability, CXR ond 247-2 5 1 ,  

290 

Pseudocoarctation 357 

Pseudo·haernoptysis 342, 3 5 0  

Pulmonary arteri;1I hypertension 
77-78, 1 62-163, 204 

Pulmonary a rteries 
anatomy, normal 7 1 ,  230, 

239-240, 342-343, 344 

normal diameters 1 62 

hilor vee 56, 73-74, 240 

hypop los ia 257, 263 

little finger, a no logy 56, 59, 7 1 ,  

230 

Pulmonary embolism 290-297 

CXR findings 257, 259, 263, 

291 -295 

D-dimer assay 290, 2 9 1  

facts and figures 2 9 6  

Hampton's hump 2 9 5  

investigation 2 9 1 ,  292 

role of the CXR 2 9 1 -292 

V /Q, isotope scan 292 

Westermark sign 263, 294-295 

Pulmonary fibrosis, idiopathic 38, 40 
Pulmonary interstitial emphysema 

208-209 

PulmoncJry nodules 
multiple 276-281 

solitary 268-275 

Pulmonary oedcmcl 
cardiac 1 53- 1 60 

non·cardiac 38-39 

Pulmonary venous 
confluence 1 5 1 ,  239 

hypertension 1 58-160, 1 63 

Radiogrophy 
a coin grows bigger 5 

basic basics 2-9 

beam angulalion artefact 9, 49, 

t 74 

bedside 3, 4-5, 9, 49 
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decubilus, laleral 86, 99, 231 
la1eral CXR 1 5  

Radiologisl's Toolbox 22 6-243 
basic lools 226-231 
normal find ings in the over-fifties 

2 3 6-243 
power tools 232-235 

Reference, normal CXRs 
frontal  CXR viii, 2,  1 7  
lateral CXR viii, 1 7, 25 

Respiratory distress syndrome 208-2 1 2  
adult respiratory d islress 

syndrome 1 89-t 9 1  
Reticulo-noclular shadowing 3 -1  
Rheumatoid nodule 269, 279 
Ribs 

coarctation of the aorta 354, 3 5 6  
erosion 1 42 
extra-p leural lesion 93, 229 
f la i l  segment 3 60-362 
fracture, trawna 1 2, 326, 

358-361 
fraclure, cough 328 
fracture, invisible 361 
fraclure, pathological? 3 t 4 
fracture, through cart i lage 3 6 1  
fracture, uncxpeclecl 3 1 4  
melastasis 306, 3 1 2, 3 1 4  
myeloma 3 1 4  
notch ing 354, 356 
tricks for ribs 2 3 1 ,  3 1 2  

Rotation, of patient 7 ,  2 5 7-258 
Rounded atelectasis 69 
Round pneumon ia 1 99 
Rules of thumb 

bronchiolitis 198, 2 6 t ,  262 
bronchopnct1mon ia -14 
calcification, aortic d issection 

300-301 
cardiac density 22 
carina, posi t ion 1 86 
cp icarclial  fot 1 5 1  
ETI posit ion i n  a n  adult 1 86 
ETI position in a neonate 2 2 1  
heart size, adults 1 48, 1 49 
heart size, children 1 48, 1 95 
hi lurn, density t 0 
h ilt1m, position ·1 0 
identifying the carina, ITU 1 86 
lobar pneumonia 44 
lymphangitis carcinomalosa 3 1 0  
mass a t  cardiac apex 1 51 
mitral vs aortic valve calcification 

1 5 6  
mu l t ip le  pulmonary nodules 279 
one side is b lacker 254 
pericardia! effusion 1 55 
pncumopericardium vs 

pneumomediastinum 1 27 
pulmonary arteries, size of 1 62 
small inspi ration 6 
widened mediastinum 300 

Rules to follow 
apical pleural cap 230 
azygos vein, diameter 24·1 
best next step 2 70 
cardiac density 228 
CXR clinic;i l  impact, five rules 

246-248 

dyspnoea, three golden rules 
330-3 3 1  

hi la  posi tions 70 
i nlersti t ia l shadowi ng 36 
l itt le finger, visible 7 1  
lower lobe pu lmont1ry artery, 

visible 7 1  
lung ap ices 2 3 0  
l u n g  n1ctastases, search 308 
nasogt1stric tube, in iniants 223 
one side is blacker 2 58 
part1trachea l stripe, normal width 

242 
paravertebra l stri pe 232 
periphera l opacit) 229 
pulmonary t1rtery catheter 1 8 1  
sharp dome o f  d iaphragm 237 
six-week 5 1  
three film, i n  ITU t 75 
throw away the vessels 36 

Saber (sabre) she.1th trachea 285, 287 
Sarcoidosis 35, 38, 39, 78, 269, 277 
Segments, lung 44 
Select ing a diagnost ic test :  defin itions, 

cxp lanJtions 246, 250-251 
Sensitivity Jnd specificity 2 5 1  
Seplal l i nes 3 4 ,  1 58-1 59 
Signs 

angel wing 1 26, 2 1 0  
cervico-thoracic 234-235 
continuous diaphragm 1 2 5  
deep sulcus 97-98 
Golden's 5 64, 1 47 
hi lum convergence 233 
hilum overlay 1 1 8, 233 
luftsichel 65-66 
ring around !he artery 1 25 
si l houette 45-50, 226 
thoraco-abdominal 234 

S i l houette sign 45-50, 226 
clin ical appl icalions 46-50 
common pitf; il ls 9, 49 
hidden pneumonia, and 45-47 

Solitary pu lmonary nodule 268-275 
ben ign characteristics 270 
calcification, in 270-271 , 274 
causes 1 46, 269 
doubl ing time 2 7 1 
is CT necessary? 272 
malignant chc1racteristics 2 7 1  
size 268 
unreliable characlerist ics 271 

Stanford classification, aortic 
dissection 298-299 

Sternum 
depressed 67-68, 238 
fraclure 2 ·1 , 361 , 368 

Stomach, gas bubb le 82, 85, 242 
Superior vena cava, commencement 

1 76 
Syndromes 

adult respiratory distress 1 89- 1 9 1  
Bocrhaave's 32 7 
rneconium aspiration 207 
Macleod's 259, 2 6 1 ,  262 
Poland 260 
respi ratory distress 208-2 1 2  
subclavian crush 1 73 
Swyer-James 259, 2 6 1 ,  262 

Tietze's 324, 328 
tw idd ler's 1 i2 

Thymus 
angel  wing s ign 1 25-126, 2 1 0  
normal 1 94-195 

Thyroid, enlargement 1 1 9 1 22, 
3 t 6-3 I 7, 320 

Tietze's syndrome 324, 328 
Toolbox.  Sec: Radio logist "' Toolbox 
Trachea 

compression J 1 7 
rupture 1 23-124, 3 
saber (sabre) sheath 285, 287 

Transient 1achypnoca of tl-ie newborn 
207 

Trauma . See: blunt traum 
Tria ngle of safety 1 00-1 a· 
Trid.y hidden areas 1 3  t 43, 32 t ,  3 3 3  
Tubercu losis 7 9 ,  1 34-1 37 1 38 

active : inactive 1 37 
HIV related 1 38 
m i l iary 1 35- 1 36 
post-primary 1 34-1 37, 1 38 
prinwy 1 34-1 36 1 38 

Tubes, l ines, wires 
ITU 1 75-1 88 
N ICU 2 1 4-224 
pacl1makers 1 64- 1 -3 

Twenty-first century lung i nfections 
1 30-1 39 

Umbi l ica l artery catheter 2 1 4, 2 t 5, 
2 1 8-21 9 

Umbi l ical vein catheter _ 1 4-2 1 7 
Upper lobes 

Veins 

anatomy vi ii, 20, 8 1 
b lood diversion 1 5�1 5 9  
col lapse 64-66 

az) gos 67, 1 76, 1 73, 220, 241 
Batson 's venous plE-xus 307 
i nferior vena cava _) 
i nlerna l  jugu lar 1 7� 1 79, 220 
porta l 2 1 5, 2 1 7  
subclavian 1 76-1 79. 220 
superior vena ca\ a 

commence ment 1 76 
umbilical 2 1 4-2 1 7 
vahcs, in 1 i6 

Venous confluence, pulmonary 1 5 1 ,  
239 

Ventricu la r aneurysm 1 54 
Viral pneumonia 1 32, 1 3 
V /Q isotope scan 292 

\Negener's granu loma 2•,<J, 277, 278, 
345, 349 

V\/estcrmark sign 263, 294, 295 
White out, ;i 87, 264-267 

X-ray beam (basic principles) 2-5 
angu lat ion artefact 9, 49 
divergent 3 ,  5 
effect on rad iograr'i 2 

Zones, of lung 9 



THE CHEST X-RAY 
A SURVIVAL GUIDE 
• What are the CXR features of a hidden pneun;ionia? 

• What should I look for in this patient with chest pain? 

• How do I exclude a pneumothorax in this ITU patient? 

• Understanding the lateral CXR - what are the basic principles? 

• Haemoptysis - what should I look for? 

In these days of high technology imaging the clinical value of the chest 
radiograph remains undiminished. This tried and tested examination remains 
the most frequently requested radiological investigation in every general 
hospital. Yet the basic skills that are essential for an accurate and informed 
assessment of the CXR are often missing because of a preoccupation with other 
sophisticated imaging techniques. 

This pocket survival guide contains more than 350 CXRs, 200 explanatory 
drawings, important secrets from the radiologist's toolbox, helpful differential 
diagnoses, handy checklists, rules to follow, and key references. Utilising a 
practical approach based on a clinical format, it is written in a succinct, friendly 
and informal style. It provides the basic knowledge that is absolutely essential 
for acquiring a logical approach to the analysis of the CXR. 

Part A concentrates on fundamental principles and key anatomical concepts, 
together with descriptions of the CXR features that provide subtle evidence of 
abnormality. Part B addresses common problems and dilemmas that occur 
regularly in clinical practice. 

The Chest X-Ray: A Survival Guide is written by three radiologists who between 
them have many years clinical and teaching experience, and who run an 
acclaimed series of teaching courses (www.radiology-courses.com) . It will 
be invaluable to any physician working in general medicine, chest medicine, 
intensive care or the emergency department. . .whether as an attending 
physician, consultant, resident or specialist registrar. Students at all levels will 
find that the combination of an easy to follow text and exceptional i l lustrations 
provide the foundations for the development of an informed and skilful approach 
to CXR interpretation. Even experienced radiologists will find the informative 
clin ical approach to be of value in their everyday work and teaching practice. 
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