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INTRODUCTION

Tins book 1s intended for surgeons  Most books on radiology 1re
wnitten for radiologsts and as such include many dingnostic minutiie
considerable techmical detail and much that 1s academic  There have
been many excelient standard text books produced along these Tines
Recent advances in radiology are often technical in nature and may hue
little application to the day to d1y work of the pracuising surgeon 1nd
thercfore lic outside the spheee of this book

The emphasts here 15 on clinical problems and the wnter has princ:
pally selected s subjects from those on which his surgieil collengues
have consulted fum n daily practice m a busy teaching hospital  In
particular an attempt has been made to emphasize the scope and hmit1
tions of radiology as a diagnostic aid when the surgeon 1s faced with
any particular clinscal circumstinces

Radiology 1s merely graphic pathology It 1s 2 photograph 1n time
of a state of affmrs at that pownt in time It has 1n advantage over
morbid anatomy 1n that the subject can be considered while the patient
1sstill alive and an advantage over hustology by biopsy 1n that the whole
of a pathological condition can often be viewed rather than a smll
operative spectmen It has a further advantage over both in that the
course of a condition can be observed by senial X ray examinations and
so the progression or resolution of the disease process can be 1ssessed
It also has limitations 1n that it 1s dependent on 1 diflerence 1n tissue
densities a contrast between adjacent structures for a demonstration
of those structures  This does not always exist and though 1t 15 possible
n many 1nstances {0 wtroduce contrast 1n the form of contrast medta
this can not always be performed or even if 1t 15 1t does not wnys
provide a diagnosis

Interpretation must be based on a thorough knowledge of the norm 1l
and of normal variations aganst this background changes ¢an be
wterpreted in terms of pathology provided agam « clear knowledge
exists of the pathological processes which may occur 1 any anatomical
site taking nto consideration the age and sex of the patient The
mexperienced tend to diagnose as 1bnormal what are either anatomical
varations or are varations due to techmcal factors Interpretation 1s
essentraily the function of the trained radiologist truned 1n the tech
nical aspects of this work as well as in the fundamentals of interpretation
expounded here Yet 1t 15 essental for the surgeon to know the scope
and limitations of this branch of medicine if he 1s to obtam all the help
that can be made avallable and if he 15 to avord the pitfalls that too
mplicit a faith 1n the power of radsology may produce

vit



vin INTRODUCTION

It1s important therefore for the surgeon to realize that the greatest
benefit will come from frequent personal contact and consultation with
the radiologist and to reabze that the radiologist by virtue of his
traiming and expenience 1s best adapted to decide how to conduct a
radiological examination and how to dertve the maximum mformation
from the radiological investigation of any particular clinical problem
This however the radiologsst can only do if he 1s anare of the clinical
problem and 1s not merely asked to conduct an exammation as a
technical feat It should therefore be the atm of the surgeon requesting
an X ray exammation to provide the necessary chinical details of the
case to be wnvestigated rather than to give nstructions of technical
requirements and then to leave the radiologist to decide how to
conduct 1t

January 1960 HM



CHAPTIR |
I MIRGINCY WORK

In any geaeeal hosputal in an industrn il town it 1s common for up 1o
one-quarter of the total number of \ r1y insestigations to be emergency
cases manly referred from the casualty department  That does not
mmply that 1 quarter of the work of such an Xray department 1s
casualty work for of course many of these investigations arc of 2
minor nature quickly carnied out  Nevertheless it 1s an indication of
the importance of the ud that \ ray facilities are required to provide
in this field of medical practice It myy be argued that much of this
work 1s of doubtful necessity or 1s only necessary for medico legal
purposes and that doctors more experienced than casualty house
officers would call on this service far less  yet while 1t 1s true tht those
experienced in such work rely morc on their chinical judgement casualty
house officers must gan therr ehinical expenience and while doing so
must have some climical freedom  Further 1t must not be forgotten
that m thosc cases where mexpenienced doctors have rehed on their
clical judgement and have subsequently been proven to be wrong
the judgement of the courts has often gone hard agunst them 1f they
have failed to have the patient X ryed

(1) I'ractures

Radiologtcal procedure for the demonstrition of and control of the
treatment of fractures has become an integrnt part of surgical practice
This 1s best discussed as (a) the mtesugation of suspected fractures  (b)
the demonstration of the type and extant of chintcally obuions fractures
(c) the control of reduction or other operatite procedures and (d) the
assessment of progress

(a) The treatment of any fracture imposes on the patient 1 degree
greater or lesser 1n extent of immobility The treatment of a sprain or
soft uissue inyury while sull requining smmobilization 1s generally of 1
shorter duration To treat a fracture 1s a spran or as a simple soft
tissue wjury may especially in children or if articulating surfaces are
mvolved have sertous results  Radiological demonstration or exclusion
of bony njury has thus become a procedure of considerable social
and economic significance to the individual and to societ:

In children the confirmation of 1 greenstick fracture may be of merely
acaderme interest while the falure to detect one of the commonest of
muries slipped radial epiphysis with 1 posterior marginal fracture of
the radial metaphysis may have long reachig effects on the individual s

1
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ability to pliy games or even to wrte In this latter injury, as the
epiphysis 15 displaced backwards the blood vessels in the growing
epiphyseal carttlage are torn causing a local haematoma and disorganmiz
ing the zone of bone growth Yet unless the films are of good quality
and this type of fracture 1s specificilly sought it 15 easy to overlook it
Similarly, 1 the adult fractures of the carpal scaphoid may avoid
radiological detection In the early stages except in gross cases fracture
of the scaphoid 1s really 2 cimcal diagnosts and suspected cases should
in the absence of radiological confirmation be treated on clintcal
grounds If the bone 15 n fact fractured and yet no fracture line can
be detected on the X ray film immediately after the mjury the fracture
line will be detectable 14 to 17 days after the injury when the wrist 1s out
of plaster This 1s because in the intervening period the hyperaemia
*resulting from the injury causes absorption of bone trabeculae from the
adjacent edges of the fracture If at this period after the injury no
fracture line 1s visible then there has been no bony mjury and the wrist
mjury can be treated accordingly It 1s wise therefore not to lose the
advantage of treatment duning the intervening period in suspected cases
for continued movement may prolong the necessary period of treat
ment or even cause irreparable damage
(b) If clintcally obvious fractures are to be satisfactorly treated then
1t 1s essential that the surgeon should know the exact stte of the fracture
the type 1ts relationship to surrounding structures nvolvement of
articular surfaces whether or not 1t 1s intra capsular the type and
extent of deformity whether shortening or distraction exists the pre
sence of comminution and the existence of any underlying bony disease
All this information can be provided by X ray examimation
In the mvestigations of these problems there are certasn maxims
which must be observed It should always be routine practice to take
two films of the injured part the one at right angles to the other Not
only will this practice lead to the detection of crack fracures not readily
visible 1n one projection but 1t will also demonstrate the full extent of
any deformuty resulting from the fracture deformity not always sus
pected from the chinical examination or from a single frontal projection
of the mjured part (see Fig 1) Furthermore the whole length of an
injured bone and the adjacent jomnts should alwys be included 1n the
survey films It1s often false economy to examune only the affected part
of the bone  For example fractures of the lower third of the tibia often
have associated with them a fracture of the neck of the fibula and
midshaft fractures of the ulna 1t may be calammtous to the patient to
miss the other component of a Monteggia fracture namely dislocation
of the head of the radwus because of an inadequate radiographic
examination
{¢) After reduction of any fracture of a long bone or of a fracture
dislocation whether the reduction 1s maintained by a splint or by
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plaster 1t 1s normal procedure to re \ riy in order to confirm thit the
reduction achieved 1s climieally aceeptible  1s sometimes stated tha
radiological optmons on such examenations are unnecessary this
however 1s not true  In departments where mutual trust and rehnce
custs radiologic1l opimons on these exammations will be clear reports
of fact accasionally dewing the attention of the surgeon to some fe iture
that he had overlooked  they will 1t all times wvoid comment or judge
ment on the result for this lies entirely within the retlm of climical
judgement as to what s regirded 1s 1 satisfictory or neceptable state
of affairs taking mnto considerition such matters 1s the climenl state
of the patient age function ete  The fct that all such eximmations
are seen and reported on by 4 ridiologist will also have the effect of
maintaining the techmeal standard of the radiogrmphy
Some njunes are such that they require \ ryy control dunng the
operative procedure of reduction or treitment  For exmple reduction
of fractures of the neck of the femur 1nd their fixation by nail or screw
can only be achieved under X ry control  There 1re now many var
tions of the type of nail or screw used nd there 1re many vanations
on the method of ensuring that 1t enters the neck of the fumur tn the
right dtrection and that the night Iength of nul or screw 15 used  How
ever most methods include the following basic fundamentals —
() Reduction of the fracture
(11) X ray of the hip 1n two planes antero posterior nd latertl to
confirm the satisfactory reduction
(1) Insertion of a gude wire from below the greater trochanter
through the femoral neck into the femoral hend
(iv) X ray exanunation of this 1 an antero posterior plane to con
firm the direction of the guide wire and show us end so that 1 nul or
screw of the correct length can be selected
(v) X ray examination 1n an antero posterior plane of any further
guide wires that 1t may subscquently be nccessary to msert of the
direction of the first one 1s incorrect
(v1) Insertion of the nail or screw and subsequent plate fixation
(vi1) X ray demonstration i two planes antero posterior and Iteral
of the site of the nail or screw
From this 1t 15 obvious that the radiological control has 1 great part
to play A dark room with rapid processing facibities must be adjcent
to the theatre so that there ts the mimmum of delay tm the films being
available for viewing  Also 1t 1s more satisfactory to have two mobile
X ray sets 1n the theatre one set up for the lateral Pprojections and one
for the overhead projection  Sinuilarly some form of cassette tunnel
or ‘holder that will fit to the operating table 1s required for both pro
Jections

(d) The assessment of repair by radiologicnl means requires 1 full
understanding of the processes of repur
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In the early stages of repair the condition 1s one of cxudate partly
flud partly clotted haematoma between the bone ends under the
rased periosteum and 1n adjacent soft tissues, undergomg organiza
tion A rapidly growing hyperaemuc fibrous cellular granulatton tissue
growing from the bone ends surrounds and invades the haematoma
Hypertrophic cartilage growing mn the marrow space and beneath the
pertosteum marks the e1rly stage of callus formation The fibroblastic
granulation tissue between the bone ends by which continuity has
already been established 1s then invaded and replaced by these cartilage
cells The hyperaemua then dimmshes and calctfication of the carti
laginous matrix takes place This 1s the stage of umon by callus  During
the later stages of the laying down of the hypertrophic cartilage
osteoblastic actvity 1s considerable and bone 15 laid down 1n the
cartilaginous matrix  this gradually maturning to fully formed but
rrregular bone  which m due course 1s replaced by lameliar bony
trabecule along the lines of stress  Persosteal new bone 1s absorbed
and the bone remoulded by normal osteoclastic nd osteoblastic
activity and finally fit and marrow cells re appear in the marrow
space

Radiology 1s merely a graphic representation of the pathological
process but as always m bone conditions the radtological representa
tion lags behind the climcal state  In the early stages of fracture repair
organizing blood clot ind cartilage growth casts no shadow Hyperaerma
m bone however always produces 1 local osteoporosis and so after
seven to ten days the adjicent bone ends of the fragments are seen to
become shightly osteoporotic and a little less well defined Then as
calcification in the cartilaginous matrix takes place this becomes
visible usually 1n a zone rather wider than the normal tubular form of
the continuous bone This caleifying callus 1s not visible until three or
more weeks have elapsed In duc course as osteoblastic activity
progresses trabecular bone replaces this calaifying callus and at the
same time osteoclastic resorption reshapes the callus and tubulation 1s
affected Radiological union has not taken place until continuous
bony trabeculae can be scen bridging the gap ind this may take three
to four months  The age of the patient ffects very much the rate of the
Jater stages unton tahing place sooner m younger subjects  Simularly
slow union may be due te deviation of the blood supply from one
fragment of the bonc or due to excessive traction 1 mamntarming reduc
tion of the fracture  The former may be anticipated from the 1
site of the fracture as demonstrated radiologically while distraction of
the bony fragments demonstrated on the post reduction films may
indrcate the possibrity of the latter In all cases climcal evidence of
unton oceurs much sooner than radiological union

If immobilization of the fracturc has been nadequate repeated
movement causes recurrent local haemorrhage 1increase in the size of
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the haematomn and ncrease mn the locil hyperiemit of the bone ends
attempting to mtite the process of repur This excessive hyperaemin
will produce radiologically 1 more mirked resorption 1nd osteoporosis
of the bone ends which 1s radily recognized on the radiograph after
two to three weeks  Invaston of the granulinion tssue so formed by
hypertrophic cartilage cells leading to cailus formation shows radio
logically as a Inrge mass of enlufymg callus - Such 4 mass of callus 1s
usually an indication thit immobihzation h1s not been entirely cffective
Repeated movement with decalaification of the bone ends may, of
course lead to delayed umon 1nd ostcoporosts thus shown 1s to be
regarded as 1 danger sign1l and n indication that unless immobiliz
tion 1s more effectne prolonged treatment may be necessary  1f delayed
union 1s allowed to continue 1t may lead to established non unton  In
this event the gap between the bone ends becomes cleirly defined 1nd
the edges of the bony fragments become quite clear ind even sclerotic
(sec Fig 1) These surfices become smooth the gip between being

FiG 1 AT and vertical views of the Ift shoulder showin,
Alignment i the frontal
that angulation exists

g a fracture of the surgical neck
projection appears satisfactory but the other projection shows

filled by ibrous tissue  serum loculation ma
y take place in this eieat:
m;;ss forming a false joint or pseudarthrosis P e
n the normal control of repair and review of
progress the bone m+
be Xrayed through plaster Calafying callus can usually be seei
through the shadow of the plaster but 1f there 15 any doubt as to

ragress it
ghaﬁged fs wise to X ray out of plaster or when the plaster 15 being
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Fic 2 AP and verti al projection in 3 case of posterior distocation of the
shoulder joint
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(2) Conditions of Sheletal Truma that ma be Missed
Despite the N rty Exanmation

(@) Postcrior Dislocation of the Shouldcr Jont: This s unusu il
mjury the physical igns of which are often masked by swelling  In
particular swelling may mask the Mhittening of the mtertor 1spect of
the shoulder 1nd prominence of the coricond process which become
apparent as the swelling subsides by which time of course s luible
time has been lost in reducing the dislocwtion with resulting permanent
disability

Radiographically a single antero posterior film of the shoulder may
not reveal the disloettion and 1n all eses of shoulder ijury it should
be routine practice to tihe 1 verticnl projection of the jomt  This 1s
most converuently tiken with the X r1y tube above the shoulder 1nd 1
cunved cassette in the amlln but if the patent 1s unable to abduct the
shoulder a satisfactory demonstratton can be achieved by putting the
cassette above the shoulder and the \ r1y tube below without moving
the elbow from the patient s side - Thus projection will always demon
strate a postenior dislocation 1s well s bony relationships in any other
form of shoulder njury

On the routine antero posterior film the fitures which suggest
posterior dislocation (see Fig 2) are

(1) Internal rotation of the head of the humerus

(1) Loss of prrallelism between the articular surfiees of the head of
the humerus and the glenoid fossn

() The hend of the humerus appearing  smaller  and 1ts trabeeul i

Tic 3 PA and lateral proy cion o

f the wrist sh
of the Larpus posterior 1o the Jungre owing fracturc of the scaphoid an 1 disloc ion
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pattern more clearly defined than usutl  this 1s due to the head of the
humerus being nearer the film than normally

(8) Trans scapho pcriunar Fracture dislocation of the Carpus  The
radiographic features of this mjury m1y be difficult to mterpret if the
surgeon 1s not famiiar with the appearances  As in all fracture
dislocations time 1s an essentil factor 1n treatment so 1t 1s of importance
to recognize the nature of the injury at the first examination

In this injury the scaphoid 1s fractured the lunate and prouimal half
of the scaphoid are in normal relattonship with the radius and all other
carpal bones including the distal half' of the sciphoid are distocated
backwards

In most hospitals the routine practice in X raying wrist 1njuries 1s to
take three projecttons 1 postero anteror 1n oblique and a lateral
The bony mjury the scaphord fracture and possibly an associated
fracture of the radial styloid will be readily seen on the postero
anterior film  but 1t 1s the lateral film which shows the postertor
dislocation of the carpus (see Fig 3)

(3) Head Injuries

Radiographically head mjuries can be classified s fractures of the
vault of shull fractures of the base of skull 2na fractures of the facitt
bones

X ray examnations of the head require besides the co operation of
the patient exact 1nd precise positioning of the patient s head positions
some of them difficult to achieve \nd mamntun 1t 1s useless to send
badly shocked or concussed patient for X ray examnation of the head
as films obtamed under such condittons are unlikely to be of diagnostic
value Unless 1t 1s the surgeon s intention to deal immediately with a
head mjury and 1t 1s desired to demonstrate the extent of or exclude a
depressed fracture of the vault shocked or concussed patients should
be treated accordingly before bemng sent for X ray exammation

(a} Fractures of the 1 ault of the Skull  Of the three radiographic
dwisions the vault 1s the simplest to demonstrate only ntero posterior
and lateral projections berng required  Fractures of the vault may be
seen 1o be hnear or stellate to cross recogmzable vascular channels
such as the muddle meningenl vessels or to mvolve air sinuses such as
the frontal stnus  Depression of a fracture will probably not be detected
unless stereographic views or a special tangential projection of the
fracture site 1s taken Probably a morc certain way of detection 1s
examimnation with the surgeon s finger during toilet of the scalp

(b) Fractures of the Base of the Shull A fracture of the base 1s 2
dagnosis usually made on chmcal grounds Radiographic demon
stration of the base of shull 1s a difficult manoeuvre requiring, the full
co operation of the patient—co operation usually far beyond the power
of 1ny patient on whom 1 climcal diagnosss of fracture of the base has
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been made Purther of followang 2 dimcddispnssee 081 cure of the
base of shull cven the most watidactory (il fal to deepartinate 3
fracture line the patient wall sl be trevied fo 1 fractute of the baee 1f
for 1crdemic or medico Teg 1 purpores st it deurcd (o hae o emanent
record of the fracture the patient ¢an Gifchy be cent for N 133 exammina
tion the dav before b discharpe when he s able to coopetate fully for
such fracture lines pesaint for many mantht of aven vean

(e} Lractures of the Jacial Bonee Theve nutics comprie fractufes
of the n1s1l bones lateral face fractures and deptessad fractures of
the 2 gomatic arch upper and Jower middle Mce fractures and frctures
of the mindible  Therr upmificince 18 concetned munly with three
factors—thes my be concerned with alterations in sason ptticulatls
diplopra they mn be concerned with dental occlasion and they mm
have cosmetie effects (vee | ig )

F1G 4 Injury 1o the face with considerabl soft bis
1 fra orbital margin and diastasss of the front
at space 1n the antrum due to hacmosrhaye

sue swelling - The flm shows fracture of the
to zygomatic suture and oblderation of the
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Radiographic procedure to demonstrate such fractures 1s agamn a
precise technique needing constderable co operation by the patient
and 1t cannot be too strongly emphasized that 1 shocked or concussed
patient 1s unable to co operate and that 1n such cases when fractures of
the facial bones are suspected the patient should not be sent for X ray
exrmination until he has been treated for shock

(4) Forewgn Bodtes

(a) Swalloned Forcign Bodies  Fish and meat bones not uncommonly
become 1mpcted 1n the pharynx or oesophigus  Only a small number
of these are sufficiently ridio opaque to cast a shadow on 1 radiograph
and then usually only 1f they lodge above the thoracic inlet  Below the
thoracic nlet the shadows of mbs lungs and medrastinal structures
prevent 1dentification of small shadows In many cases superficial
abrasions caused by the swallowing of such small sharp objects create
a persistent sensation of discomfort though the foretgn body has
prssed on mto the stomach

The old 1dea of giving 1 bartum swallow to these c1ses sometimes
with pledgets of cotton woolmit has been discarded  Such examina
tions rarely produce useful information The most useful form of
radiological examination 15 (1) a laterl soft tissue film of the neck
this may revenl the fish or meat bone impacted 1n the posterior pharynx
or upper oesophagus 1n these mvestigations the normal irregular
calcfication 1n the thyroid cartilage must not be mustaken for a foreign
body (see Fig 5) (n) Screen examination of the chest if no positive
information has been provided by (1) this may reveal unsuspected
evidence of inhalation of the foreign body The gving of batium by
mouth should be 1voided s this usually only makes subsequent examina
tion by oesophagoscopy difficult or useless

More solid foreign bodies such as comns hair grips brooches toy
soldiers safety pins etc usually pass down the oesophagus mto the
stomach Metallic objects such as those mentioned can be demon
strated radiologically and therr passage or farlure to pass through the
alimentary tract observed Once through the pylorus the vast majorty
pass through the alimentary tract without further delay though occt
sionally 1n small children hair grips may become impacted i the
duodenal loop By radiographic observation of the passage or delay 1n
such cases a decision as to the rare necessity for surgical intervention
can be made

(b) Inhaled Foreign Bodies Patients who have imnhaled a varmety of
foreign bodies reach most hospitals in the course of any year  Metallic
objects Ithe pins safety pins paper clips etc present no difficulty 1n
identification or localization  Non opaque objects ke beads and
peanuts the Iatter being very common in children may create con
siderable difficulties The routine examnation in such cases should



LMERGENCY WORK "

terior view of the chest
st of (@) U comention 1l posterior n

:‘:R;:\cd by any or 1l of the following (b) Iteral 1nd oblique \vz\\;oi;
the chest By this stage metallic objects have usunlly been identified

Fic S Impacted swallowed m at bon. shown in the saft tissue posterior to the laryax

and locahized to a particular bronchus (¢} 1 penetrited antero
postenior view of the chest (/) a postefo antertor view of the chest
taken on expiration (¢} screen exammation of the chest



12 RADIOLOGY IN CLINICAL SURGERY

The inhalation of 1 non op1que object such 1s 2 peanut may cause
collapse of 1 lobe or segment of a Jobe or 1t may cause a valvular
emphysema which 1s only apparent on expiration by the tobe or segment
remaiming aerated or blown up when the remamder of the lung
becomes de aerated (see Fig 6) Screen examination by an experienced
radiologist followed by films 1 the requisite projection and phase of
respiration will usually localize such objects accurately

Fiu 6 Chest film shows coltapse of the left lower lobe with obstructive emphysema of the left
upper lobe due to an nhaled peanut

(c) Foreign Bodies i Sheleton or Soft Tissues  Usually only metallic
foreign bodies can be localized by radiological methods  Their relation
ship to bony landmarks can be established and by parallax methods
therr depth cn be accurately estimated It 1s important to carry out
these exammations with the limb or part of body in the position m
which 1t will be during surgical approach for the alterttion of muscle
tension and pull often has a surprising and unexpected effect on tissue
planes and the consequent site of the foreign body A foreign body can
move a surprsing distance along tissue planes or in vascular channels
n a matter of 1 few hours and so 1t 1s mmportant that after mitil
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loclization has been carred out 1+ fimal film of the part should be tiken
on the way to the opertmg theatre to confirm that it s i the same site

Non metallic objects such 1s wood_ plistic stone cte rarely cst
any shadow nd their presence or Absence ctnnot be established
Occasionally i thin parts such s 1 finger or 1 part unobscured
by skeletnl shadows such s the e1lf non metallic objects can be
identificd

(d) Foreign Bodies it the Eve  Only metallic foreign bodies c1n be
identified 1n the ortnt - The surrounding bony cage precludes the possi
bilty of wdentifying any less dense object  The important point to
establish 1s whether the foreign body 15 1n the globe of the cye or in the
surrounding soft tissues  There are many very accurate methods of
exact localization by radiological means of great use to the ophthilmic
surgeon \Of considerable use to the casualty officer and resident
surgeon imvestigating such cases 1s the simple technique of takeng (1) an
occipito frontal projection with 1 20 caudal tlt of the tube to show
the orbits clear of the petrous temporal bones and (i) two lateral pro
Jections taken without moving the patient s head or the tube one with
the patient looking up ind one looking down (see Fig 7)  From astudy

(]

Fiu 7 F Ims showing a forcign body 1n the ey. after a limbal
ning has
(a) With the patient looking up () Laaking down has beem sewn o the comea

of themovement of the foreign body on these films an immediate estimate
of its site within or without the globe can be made It 1s sometimes
argued that foreign bodies i the capsule of Tenon muscle or intra
orbutal fat show movement  nevertheless this method gives a valuable

estimate of its site and 1f need be
more accurate loy
carnied out subsequently liation can be
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(5) Kidney Injuries
A patient arriving 1n hospital with haematuria following injury to the
trunk often presents a difficult surgical problem Accurate clinical
examination 1s rendered difficult by the marked abdommal ngidity In
such cases the injury may be severe but 1t 1s not uncommon for haema
turia to follow quite trivial injuries and 1t 1s an established fact that the

ta)

by

Fic 8 Excretion Urography in a case of haematuria
following wnjury at football (a) On the d y of
the inyury  th) Two weeks later () Four weeks
after (h)

(a) Shows meteorism impa red excretion by
night kidney and absence of its middle calyx
(6) Shows intra capsular tear with a pool of
‘contrast medium within the renal substance
(c) Shows complete repair and normal function

of the inyured kidney
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evtent of the hiematuria bears httle relationship to the severity of the
fdney dimage

There 1s no place for retrograde pyclography i these cases The rish
of causmg further haemorrhage or introducing anfection are too great,
cspccmll)vm an er1 when the emphasis 1s on the conservative treatment
of hidney njuries

The surgcon requires to hnow (a) the extent of the hidney dimage
(h) that the other hidncy 1s present and functiomng normally nd (c) the
presence of any associnted njuries  All this nformation s readily
obtainable by means of excretion (intruvenous) urography which cn
be safely undertaken once the period of it shock has been overcome

The preluminary films m1y show the following fiatures 1n cases of
hidney trauma  (q) 1 shght  protectine scoliosis concve to the
affected side  (b) obliteration of the psons shadow (¢} loss of the
kidney outhne () fullness of the afficted flank (¢} njury to the bony
sheleton usually the twellth r1b or upper lumbar transverse processes
(f) meteorssm of the bowel often very marhed frequently localized
over the jured hidney

On excretion urography the following features may be scen  (a)
failure of wisualization of a calyx  (b) irregulinity of one or more
calyces (c) calyceal rupture (intr1 capsular) as evidenced by a pool of
contrast medium contained within the Lidney outhne (d) ntra
capsular tear so extensive as to causc complete disorgamization of the
kidney showing as pools of contrast medium without recognizable
calyceal structure {¢) extra capsular rupture with contrast medium
tracking outside the kidney (f) falure to excrete or dimimished
excretion by the affected hidney 1t 1s important to realize that a kidney
which 1s functionless following njury can recover completely (g)
displacement of the kidney or displacement of the ureter by a retro
pentoneal haematoma

By this mvestigation the presence nd condition of the unaffected
kidney are shown Similarly the presence of previously unsuspected
renal pathology may be shown for instance 1 hydronephrotic
kidney ruptures and bleeds more easily than a normal hidney And
finally when conservative treatment 1s being employed the progress

of the njury and 1ts repair can be studied by serial urographic studies
(see Fig 8)

(6) Abdominal Cmergencies

For the radiological ivestigation of ntestinal emergencies only high
quality films taken with high output machines in the X ray Department
are of any diagnostic value  Films taken with a mobile unit are rarely

of the required quality and attempts to interpret them are more I
to be musleadsng than helpful P P ore hkely

{a) I eption Int
and 1s usually demonstrated d

ption in the adult 1s usually chronc
uring barium enema investigation of
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alteration 1n bowel habit or of intermittent attacks of colicky abdominal
pam

Intussusception i childhood 1s commonly acute 1n onset and the
climeal picture 1s often sufficiently clear cut to require no radiological
mvestigation  Occasionally however there may be no palpable tumour
and the surgeon may be uncertain of the diagnosis especially as many
of the clinical features of this condition may be simulated by an acute
gastro enteritis  The present low mortality in intussusception 1s only
maintained by early surgical treatment which 1s dependent on early
diagnosis

In cases of doubt plain radiography of the abdomen can help The
radiological appearances of intussusception may be

(1) Direct visuahization of the 1nt ption the caput showing as

a rounded convex shadow projecting into gas in the colon distal to 1t
Gas 1n the lumen in the intussusception may be seen 15 a hnear shadow
proximal to this (see Fig 9)

Fia 9 Plain radiograph of an abdomen in a case of ntussusception i
an snfant showing the caput of the intussusception outhned against
g2s 1n the colon d stal to it
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W) A soft tssue mss in the nght Tower quadrint of the 1ibdomen
with complete Absence of mtesunl gas from this quidrint and dis
placement of gascously distended bowd) to other segments of the
abdomen

() The radiological prcture of intestinal obstruction without 1ny
wndication of the cause

A batiur enem should rirely be neeessary s 1 dignostic mesure

The practice of therpeutic reduction of intussusceptton by banum
enema which has been widely used for many years tn Seindinvi s
gaming popularity in this country  Therc are certainly no grounds for 4
change from the surgrenl technique which has long been 1ccepted 1n this
country unless equally certun and satisfictory results cn be obtained
by this non operatine procedure  If therefore 1t 1s to be carried out 1t
should only be done by an expericnced radiologist with the consent of

-and i the presence of the surgeon who must accept the responsibibity
of operating on the child 1f this procedure proves unsuccessful - The
banum enema technique 1s as follows
(1) Preliminary plain films of the abdomen are taken n order to
assess the degree of mtestinal obstruction wnd f possible the type of
intussusception

(u) Barium enema s then ndmimstered under low pressure (1e 1
column of 12-18 1n ) under fluoroscopic control 1n order to demonstrate
and localize the caput of the intussusception  Films are taken at this
stage (see Fig 10)

The occluston of the child s anus by « firm cotton wool pad or by 1
metal or plastic obturator and the constant control of this by 1 nurse or
radiographer 15 of great importance

() The hydrostatic pressure 1s then gradually increased by ncreas
ing the height of the column of barium up to 3 or 4t In exceptional
cases 1t may be necessary to raise 1t to 5t but usually 3 ft 15 enough
Reduction 15 controlled by fluoroscopic observation” palpation and
manipulation are not performed reduction being enurely by hydro
static pressure  Reduction 15 considered to be complete when (a)
complete filling of the caccum 15 observed and (b) there 15 flooding
of the barium bach into the rleum  Further films are taken at this
pomt

(1v) Whether or not reduction 1s successful the barium 1s drained ofl’
and post evacuation films taken The whole series of films can then be
studied for full evaluation of the state of affarrs

(v) If theres any doubt as to the success of the reduction the whol.
procedure may be repeated

(v1) Post barium enema care and observation 1re of course essentinl

(b) Perforation of a Hollow Viscus  Perforation of gastric or

duodenal ulcer usually allows an escape of sufficient gas mto the

peritoneal cavity to allow 1ts demonstration provided 1 horizontal
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X ray beamis used If the patient can stand the free gas will be demon
strated under the draphragm but sf he 15 unfit to stand for the examma
tion 1 horizontal beam can stll be used with him lying 1n the Jateral

F1G 10 Banum enema 1n an infant s 1owing the caput of the intussusception projecing into
the barium column at the hepatic fexure

decubitus position or even a lateral film of the abdomen with the
patient supine

Perforation of an mflamed viscus such as the appendix or a divertt
culiis of the colon rarely allows the escape of intestinal gas Plam
radiography of the abdomen 1 such cases will show the appearances
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of an mflammatory dleus 1t 1s not recommended that radiofogical nd
should be 4 routine dingnostie measure m such cases for the dignosss
will be apparent from 1 proper chimical cxannation  Nevertheless
when radologrenl ud 15 tnvoked 1n the clucidition of diliicult or sus
pected cases of abdonunal emergency this pattern will be sometimes
encountered 1nd 1t1s essential that those F1ced with the need to interpret
the investigition should be fimiliar with its appearances which are
described on page 22 under post operitive 1leus

(¢) Intestnal Obstruction The radiologienl appear inces of mtestinal
obstruction are abnormal gascous distension of nd stasis in gut
proumal to the obstructing leston and 1bsence of gs from gut distl
10 the leston  Stasis 1s shown by separation of gas and flud to form
flurd levels in the distended loops of bowcl with the pitient in the erect
position or when some other means of using 1 horizontal X ray beam
1s employed 1t must however be renhized that flwd levels Alone re not
an indication of obstruction  they merely mean that the contents of 1
particular loop of gut were static at the moment of exposure

The usual practice 15 to tahe an antero postertor film of the abdomen
with the patient suptne and 1 postero anterior fitm with fum ereet 1F
the patient 1s unfit to stand for the second film 1t 1s suffictent to t1ke
only the former for 1t 1s usually possible to make 1 complete analysis
of all the bowel shadows present from the supine film

Fic 11 Supine and erect films of the abdomen of a threy
showing distension of the ileum  stasis in the 1lews

e day—«:ld infant with siLrs of obstruction
te absence of gas fr

bowel and pentoneal  Tayers m complel ce of gas from the large

termimal eum o fuundy ng duc o peritoncal cxudate At operation atresia of the
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Probably the most viluble ficld for the ipplic tion of thes investiga
tion 15 1n cases of suspected nconatal obstruction  Swallowed air has
usually reached the lower colon and rectum by 12 hr fter birth and
mvanably by 24 hr so that after that time a uscful opmion can be
given regarding the presence or not of an obstructing lesion (see Fig 11)

In cases of doubt surgical practice 1s to kecp a patient under observa
tion and to carry out climcal examination from time to time - The same
procedure can and should be applied to radiologicnl examinations,
and 1f after a peniod of hours there stl remains doubt further
radiological examimation may be of diagnostic valuc  This apples

Fio 12 Supne film of the abdomen na a ¢ of ol wlus of the sigmo d colon show ag great
41 tension of th single loop of colon
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particuliely agun to the fiekd of neancd problems 1nd m suspected
obstruction in childhood

Certun forms of obstruction have chareteristic appearances which
should always be borne in mind such s meconwmuleus in the ncontal
period and volvulus in adults  In the former an addition to the usunl
radiologicnl signs of mechanical itestinal obstruction there ean often
also be 1dentified 1n the lower nght quadrant of the abdomen the
speckled densities of retuned meconium

In volvulus the single Toop of distended bowel my be seen crossing
and occupying the entire 1bdomen  in these cases the distenston of
the twisted loop of bowel often renches very considerable proportions
(sec Fig 12)



CHAPTER 2
POST-OPERATIVL. CONDITIONS

(1) Post Thoracotomy Observation

MANY thoracic operations are of a highly specralized and intricate
nature, and 1t 1s beyond the scope of this book to discuss them Never
theless a trans thoracic approach to abdomtnal procedures such as
gastrectomy or ncphrectomy are daily events 1n most general hospitals
as are also ntra thoracic surgery such as exploration of the oesophagus
or penicardium higation of patent ductus arteriosus mitral valvotomy
etc

In all procedures when the thorx has been opened post operative
care and observation are of the greatest mmportance An essential
aid to clinical observation 1s chest radiography  This1s carried out in the
ward with a mobie X ray unit  In the immediate post operative phase
many patients are restless and due to their rapid shallow respiration
are unable to co operate well for the X ray examunation Even so
provided attention 1s pud to detail using fast film Iigh speed intenst
fying screens and possibly a stationary grid and reducing the anode
film distance an experienced radiographer with the help of a nurse
will produce a well penctrated antero posterior film of the patient sitting
up or semt recumbent which will be of diagnostic value and of great
chnical help

Such a film will show —

(@) the presence or absence of 1 pneumothorax  If pneumothorax 1s
demonstrated 1ts extent and any unacceptable complication such as
medsastinal shift can be assessed

(h) the presence or absence of pleural effusion

(¢} pulmonary collapse or consolidation

(d) the site and refationship to fluwd of any dramage tube that has
been left 1n the thorax

By means of subsequent follow up films the course of any feature
noted and its responsc to treatment can be judged and controlled

(2) Post-operative Ileus

This condition may be erther an inhibttion ileus or an mnflammatory
ileus but 1 practice the two may co exsst and 1t 15 often not possible
to separate the one clearly from the other

The problem that sometimes faces the surgeon 1s when on the fifth
or sixth post operative day the patient begins to vomit and his abdomen
becomes progressively distended to decide whether this is anileus or a

»
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ng further surgery  The
supenening mechanicl obstruction fequiring

du?anos:s m1y be further confused by the presence of 1udible bowel
sounds and the passage of flatus

r

e

Fic 13 Plaun film of the abdomen showing an ipflammatory ileus 1n a 12 year old boy after
drainage for a perforated appendix

Radiological examination of the abdomen 1n these cases can often
help It must agan be emphasized however that films taken with 1
ward mobile umit and under ward conditions are rarely of sufficient
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quality to bu helpful and may cven be musleding  If this examination
15 to be of any sigmificance the films must be of the very highest quality
such as can only be produced using high ouptut apparatus and a Potter
Bucky grid in the X riy department  The surgeon n charge therefore
must dectde whether the information that may be forthcoming from
such an mvestigation 1s sufficiently 1n the 1nterests of the patient and 1s
likely to influence the course of treatment to such an extent as to
Justify the patient s journey to the X ray department

Preferably two films of the abdomen should be taken one with the
patient supmne and one erect but 1f he 1s unable to stand valuable
diagnostic evidence can be obtamed from the supine film

In anileus gas 1s usually present to a varying degree through all the
bowel large and small If the tleus 15 localized for example i relation
to a localizing pelvic abscess then the loops of gut both large and small
in that segment are 1bnormally distended nd there may be local pert
toneal layering  If the ileus 1s generalized as mn a true inhibition
tleus then the abnormal distension of multiple loops of small and large
bowel occupies the whole abdomen  If the condition 1s a generalized
inflammatory 1leus Associated with a generalized peritomitis then 1n
addition to the widespread abnormal distension there will also be diffuse
peritoneal  layering  and loss of the pro pentoneal hine The term
pentoneal layermg 1s used to denote that loops of gut are separated
by  soft uissue shadow that 1s both wider and denser than normal due
to penitoneal oedema or exudate (see Fig 13)

It must be remembered that some degree of bowel distension occurs
as a result of any laparotomy n which bowel 1s handled The 1nter
pretation of these investigations 1s no simple matter and the differentia
tion on X ray films between simple post operative distension post
operative deus and a mechanical obstruction 1s often a problem
requiring great expertence and tt 15 wise mn these cascs always to have a
radiological opion

(3) Swabs Lelt 1n the Abdomen

Despite careful precautions routine swab counts and established
techniques there still anise unfortunate cases of swabs left m the
abdomen and there still comes the occasion in the theatre when despite
counts and re counts 1 swab remains nussing

Swabs unfortunately are not opaque to X rays and cast no shadows

Some commercial firms have produced swabs containing a single
impregnated thread which will cast a shadow and therr use for all
abdominal operations 1s becoming increasingly popular

Alternatively some surgeons have devised the practice of always
clipping a Michel s clip to a swab before introducing it to the abdominal
cavity The metal chip of course 1s easily demonstrable radiologically
and 1 cases of doubt an X ray mobile unit can be brought to the
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theatre for 1 film of the abdomen to be taken before the patient
leaves

(4) Sub-phrenic Abscess

The climical dingnosis of sub phremic 1bscess 1s often duflicult to make
Radiological myestigation has 1 very definite role to ply in establishing
a diagnosts Similarly 1n suspected cases of sub phrenic abscess of Al
the radiological criteria are bsent  the surgeon can feel reasontbly
certain that the possibility 1s unlihely though it may never be sud to be
positinely excluded  The radiological features that may be found in this
condition consist of changes n the diaphragm changes above the
diaphragm and changes below the diaphragm

A full examination should consist of (a) screen exammation of the
daphragm (b} postero anterior and Iateral films of the chest () a
penctrated antero postertor film of the chest, (d) 1 postero 1nterior
film of the upper abdomen with the patient erect

The changes n the diaphragm consist of

(a) Diminution or absence of movement of the diaphragm on the
affected side

(b Elevation of the diaphragm on the affected side

Elevation of the dome may be either localized or generahized It s
however a difficult sign to evaluate  the right dome of the diaphragm 1s
normally an inch higher than the left 1n an adult and any varations
m the normal contours may be produced cither when a patient 1s
unable to stand for the examination or unable to achieve normal
resprratory excursion (see Fig 14)

Fig Md The diaphragm sn a case of sub phrenic abscess The night dome 1 elevated
and there are inflammatory changes in lung Ussue overlying the diaphragm

(c) Loss of defimtion of the outhine of the affected do:
me of the
diaphragm (sce Fig 15) This too 1s a difficult sign to evaluate 1n 1

patient who 15 perhaps unable to co operate fully but may be of
3
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significance when there 15 1symmtry butween the two domes of the
diaphragm nd there e other confirmatory radiological signs

- -

FiG 15 Loss of definiion of the right dome of the diaphragm in a
case of sub phrenic abscess

The changes above the diaphragm consst of

(a) Pleural cffusion  This 15 a common event tn sub phrenic abscess
A small cffuston obliterates the costo phrenic angle while a larger one
obscures the outline of the diaphragm and nises laterally along the
axillary border Elevauon of the dome of the diaphragm may render the
appearances difficult to interpret but the penetrated film of the chest
will usually establish the point

(b Inflammatory lung changes  These are usually localized being
due to direct spread of the inflamm wory process across the draphragm
and have the appearince of patchy or lobulir consolidation m a lung
segment 1n direct contact with the diaphragm (sce Fig 14)

(c) Pulmonary collapse  This 1s not « common finding but when it
occurs 1t 1s mvarably the lower fobe of a lung and if occurring 1longside
some of the other changes described 15 confirmatory cvidence

() Suppurative Jung chinges  Rarely sub phrenic bscess may give
rise 10 an cmpyema or lung abscess
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The changes bilow the drphragm consist of —

(@) An bnormal gas collection below the diphrgm Gns following
Japrotomy 1s usually demonstrable for 5-7 dys following operation
but may persist for up to 10dys  After that time extry mntestinil gas
below the diaphragm must be regarded s abnorml - However, the
presence of g1s m sub phrenic thscess 15 1 relatisely rare finding being,
present 1 fewer thin 1 quarter of all cuses

(3) An catra mtestinal flid Jevel Thus finding requires the presence
of both gas and fluid and really 1s 1 corollary to (a)  that ts to say that
when gas 1s demonstrated f the radiological examinition 1s continued
to that end a flurd level will 1imost ivan1bly be found

(5) Pulmenary Infarction

In many cases of pulmonary infirction occurring as a post operative
compheation the episode 1nd the clinical symptoms and signs leave
no doubt as to the diagnosis Howeser there are cases n which
the symptoms and signs arc less clear cut m which 1t 15 essential to
establish a definite chmeal diagnosis before mnstituting anti coagulant
therapy

Radiological aid can usually be of help in these cases

The radiologtcal signs of pulmonary infarction on a chest X ray film
(see Fig 16) consist of —

ta) Duaphragmatic Changes The most common alteration 1s eleva
son of the dome of the diaphragm on the affected side  Iess commonly

peaking of the diaphragm will be detectable s which at one pont
the affected dome 15 drawn up 1o a sharp point

(b) Pleural Changes A small localized effusion 15 the commonss
change Large effusions do occur following pulmonary infarctim
but this 1 more ltkely to happen when it 1s a complication of czrZ.ar
falure Usually 1t merely shows as an obliteration of the costo-porrmee
angle This pleural oedema or effusion actually occurs m the susu~
adjacent to the segment of affected fung

(c) Lung Changes In many cases there 1s no detectable fL~x ¢ 1o
while in some few massive consolidation of a whole lobe 11, re oo
When there 15 abnormal shadowing the commonest findi"ry 1 it
rounded shadow 1n the periphery of the lung with clearly defmpt of
1t always has a pleural surface though this may not be d= 1 1t 1
unless oblique projectsons 4re taken

If the chest film 1s taken within the fir
st 24 hr after 15 oy 1
'elplso(?e therelmay be no radtological abnormalits  If the finy i
bl:t ;sassi]qu‘a lgy—%hls may not be achierved wath 1t preab oy py
possible to detect a segment of refative rhaemut i the Juwe o 1
even to see the abrupt end of a Lrea AW TN N A 1
peniod of 1schaemua followine e

[l
vessels are attempting 1o o vy v coeme
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onset of true mfarction A further film 24 hr later will often show this
segment of lung now to consist of sohd infarct
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Fic 16 Portable chest film for a case of pulmonary infacct There 15 elevation of the night dome
of the diaphragm a small pleural effusion 1n the costo phrenic angle and cons derable fung
consotidation adjacent to the pleural effusion

Of the changes described none alone 1s diagnostic of pulmenary
mfarction Two or more occurning together alongside the chnical
picture will usually establish the diagnosis



CHAPTIR 3
THE MOUTH, NOSI AND NI'Ch

(1) Swellings of the Lower Jaw

SweLLnGs of the lower jw other than those due to cute mflm
matory disease often present difficulties i diagnosis  Low grde
chromic inflammatory conditions degencrative changes dental tumours
and bone tumours may all present wath 2 chroqic relatnvely punless
swelling with or without alterations 1n occlusion X ray examinition
1s of the greatest value in helping to establish a dignosis and as an
md to the planning of treatment

Chromic mflammation may nise from 1 dental apical abscess  this
may etther be localized or give nise to 2 chronic spreading osteomyelitis
1f Jocalized the X ray appearinee 15 of an area of dumimished bone
denstty possibly with entire loss of visible bony trabeculac in relation
ship to a tooth root  The affected area may have 1 well defined edge or
be more diffuse and indistinctly dehmited from the surroundimg bone
The lamima dura may lso be affected showing that n addition to the
mandible the tooth 1s also involved If the condition 1s not localized
usually there 15 a diffuse change 1n the bony texture of the affected
ramus of the mandible the whole having a coarser and more sclerotic
appearance then normal In long standing cases the mandible may be
thickened by the apposition and incorporation into 1ts structure of new
sub periosteal bone along its lower border Occasionally though the
condition may be of some weeks or even months standing when the
patient 1s first examined radiological examination will show new sub
periosteal bone along its lower border which has not yet been incorpor-
ated 1nto the structure of the mandible—a periosteal reaction showing
as thin laminae of new bone running parallel to the cortex  This indicates
an inflammatory process 1t m1y be seen in adults or chidren and 1s
not always associated with dentalinfection  This appearance associated
with bilateral swelling of the jaw 1s sometimes encountered early 1n
mfancy This 1s a mamifestation of infantile cortical hyperostosis and s
usuaily co existent with similar involvement of one or more other bones
eg the clavicle or a Jong bone of an extremity The onset 1s always
within the first six months of ife and the children affected are markedly
irritable and present with fever and soft tissue swellings over the
volved bones The cause 15 not known but 1s thought to be infective
probably a virus infection the bony lesions being very sinilar though
not so gross as may occur 1n small pox 1 known virus infection  The

9
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condition 1s self limiting runs a definite course and the lesions involute
without suppuration within three to twelve months

The degenerative conditions which may cause chronic swelling of the
Jaw are fibrous dysplasia and Paget s disease  In the case of the former
1t may be the sole manifestation of the condition or 1t may be part of 2
polyostotic fibrous dysplasia In either case 1t tends to be slowly pro
gressive with long quiescent phases  In the case of Paget s disease the
prognosts 1s similar—slow progression  Both these conditions produce
an alteration 1n the trabecular pattern of the mandible Fibrous dys
plasia produces a pattern in which the normal trabeculae disappear
and are replaced by bone of increased density but having no true
trabecular network—only a  ground glass appearance usually with
some expansion of the affected part of bone The edges of the patho
logical process are 11l defined, merging imperceptibly with normal bone
Involvement of the mandble by Paget s disease 1s rarer and when 1t
occurs affects usually only the elderly whereas fibrous dysplasia may
occur 1n any age group n adult Iife or even adolescence In Pagets
disease the normal trabecular bone 1s replaced by coarser thicher
trabeculae with wide inter trabecular spaces and there 15 expansion of
the affected part of bone

Though the differential diagnosis by radiological methods of the
larger dental tumours and bone tumours affecting the mandible as a
pre operative measure 1s largely an academic exercise it is not entirely
academic for prognosts 1s mainly governed by correct diagnosis  The
common tumours to cause swelling are dental cyst adimantinoma and
ossifying fibroma osteoclastoma plasmocytoma and sarcoma also
occur  Small dental cysts usually cause no difficulty in drignosts and
some cases of ossifying fibroma have characteristic appearances but
in either case the differential diagnosis from adamantinoma may be
impossible  Dental cysts usually appear as well defined areas of trans
lucency within the mandible, possibly n close relationship to or
contamning a tooth element possibly causing bony expansion and
usually contaiing no septa Ossifying fibromata are usually well
defined slow growing tumours with a quite definite bony edge or
capsule They often cause very considerable bony expansion Some
times they have one or two large septa crossing an apparently structure
less centre sometimes the centre of the tumour s occupied by an
amorphous mass of varying densities It 1s perhaps incorrect to
differentiate between fibrous dysplasia and ossifymg fibroma for
hustologreally they are the same Yet chnicaily and radologreally
ossifying fibroma in the mandible appears to be a distinct entity a
tumour neoplastic 1n origin while the mandibular mamfestations of
polyostotic fibrous dysplasia appear more to be a local display of a
generalized error 1n bone development

Adamant ta may late either of the appearances described
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for dental cysts or osafying fibrom ity Chareterstieally an adamn
tinoma produces a mult1 loculr ¢ystic are1 1m the mandible causing
some cxpansion and having well defined cdges (scc Fig 17) However,
not all examples produce this appetrinee  some have no scpta or
locult some have 1ll defined tnfiltratine edges  some ciusc 5o cxpan
sion some cause definste expansion but 1lso show defimste destruction
of their outer cortical walls

Fic 17 Adamantinoma in the right side of the mandible affecting the horizontal and superior
rams  The cystic spaces within the tumour are well demonstrated

The foregoing description shows that radiology has definite imita
tions 1n the diagnosis of these conditions Diagnosis 1s defimitely a
function of the expert histologist i this field Yet radiology has a
defimte role to play The treatment of these lesions 1s surgical and
careful planning 1s requred both 1n deciding the extent of bone to be
excised and marranging for subsequent prostheses  Careful radiologicat
examination will reveal the geography of jaw tumours their site and
hmits and their effects on dental occlusion thus aiding radical surgical
treatment and subsequent plastic repair

In thss field one Iast condition must be mentioned  Buccal carcinoma
even though apparently superficial and without evidence of glandular
mnvolvement not uncommonly nvades the underlymg alveolar margin
Radiological examination will often reveal changes in underlying bone
—an il defined 1rregular osteoporosis affecting the alveolar margin
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under the buccal neoplasm (see Fig 18) This 15 not necessanly entirely
due to neoplastic mvaston of the bone for the site especially if there 15
superficial ulceration often becomes secondanly infected and the
bony changes may be mamnly mflammatory Nevertheless the radio
logical exammation showing such changes makes 1t clear that there 1s

Fic 18 lavasion of the right honzontal ramus of the mandible by buccal carcnoma  The
alveolar margin has been d stroyed and the edge of the 1nvading process is 1!l defined

pathological mvolvement of bone and warns of the necessity for wide
€xCI1810N

(2) Salnary Glands

Recurrent or persistent swelling of a salivary gland often produces a
difficult diagnostic problem In the submandibuiar gland the cause 1s
usually a calculus and less frequently a benign tumour 1In the parotid
gland calcult are rare and the more common causes are (a) non
obstructive pyogenic parotitis () duct stenosis or (c) parotitis secon
dary to duct stenosis - Occasionally benign or malignant tumours occur

Radiological mvestigation consists of plain X ray exammation and
stalography

In the sub mandibular gland plain X ray exammation will often
reveal the caleulus and there ts no need to proceed further In the case
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of the protid ghind m order to gun useful information 1t 1s usully
neeessary to carry out silography (see ug 19)

Fiu 19 Normal parots § sialoyram

The techmque 1s to cwnulate the duct 1nd to inject wn opaque
medium  The simplest cannula to use 1s 2 hehrymal duct cannulh
1n cases of duct stenosis 1t 1s usually necessary to dilate the papil with
lachrymal duct dilators An 10dized o1l (Ncohydriol) 1s the oprque
medium of choice as the water soluble medin tend to pour back round
the cannula  Injection should be carried to the pont where there 1s
defimite discomfort n the glhind—usully 4-1ml 1s required for the
sub-mand:bular gland nd at least 2ml for the parotd glind  For
complete examination 1t 1s desirable to achieve acinar filling  1n the
past this has been wrongly termed sialo neinar reflux and compired
to pyelo renal back flow 1t 1s not however 1 backflow phenomenon
but merely complete filling of the duct acinar system

Non obstructive pyogenic parotitis which m1y be duc to 1 varicty of
organisms including streptococcus viridans and the pneumococcus
mamifests itself as a sencs of s1cculac of varying stze studded along all
the subsidiary ducts through the substince of the glind It has been
Dikened to the appearance of saccul1r bronchiectasis ind the term st
Tectasts or sialangiectasis comed to denote the condition (see Fig 20)

In exther gland stenosis may be paptllary or buceal but wherever the
site of the stenosis there 1s always diltalion of the duct proximal to



Fic 21 Sub mand bular siatogram showing papillary duct stenosis with difatation
of the main duct 2nd of its main branches within the gland There 15 also a
buccal stenosis of the duct
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the obstructron  IF recurrent pyogeme infection oceurs second ity to
duct stenosis 1n 1ddition to the dilated mun duct beading 15 scen along
the subsidiary ducts with probably saccule formation long and at the
ends of some of them (sce Fig 21) Tumours such 1s tuberculous
adenopathy of lymphoid tissue or  mixed  parotid tumours show 15
fillng defects within the glind substaince  The former are usunlly
aircumscnibed and clearly defined and the Iatter in their carly stages
not uncommonly produce similar appearinces

(3) The Post Nasal Space
Chiical examination of the post nasal space may be difficult 1
children 1t may be mpossible  And even if the part can be examined
by indirect viston 1t ts often difficult or impossible to decide the extent
and limits of a pathological process

FiG % A latera! film of the naso pharyn

« showing enla
RATTOWINE Of the post nase] a pusins g enlargement of the adenoid tissue causing
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By radiological methods 1t 1s possible to obtain useful demonstrations
of this part and so add to the diagnostic signs in assessing a chnical
problem A properly exposed lateral film of the post nasal space shows

Fi 23 Sub mento vertical view of the base of skull showing a soft tissu mass projecting into
the pharyngeal air space from the lateral wall This proved 1o be lympho epithehioma No
bone destruction n the base of skull 1 shown

the hard palate and soft palate and the post nasal arr passage bounded
posteriorly by the soft tissues lying m front of the cervical spine  This
latter soft ussue shadow lies close to the spine running parallel to it
Sometimes the soft tissue shadow of the lobe of one or both ears 1s
projected 1nto the air space of the post nasal air passage  this lateral
film and must not be interpreted as an abnormality

The soft tissue shadow of adenotd tissue in children can be seen before
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cases where surgical removal s
d tissue 1nd to what extent 1t

1t undergos ivolution projecting fr
wall nto the ur prssage  In those
contemplted the size of the 1denot

Fi 24 Lateral film of the naso pharynx showing a large round choanal polyp lying aboye the
soft palate

occluding the post nasal air passage—an important climenl feature—
can be demonstrated by this means (see Fig 22)

Sumilarly soft tissue tumours may be demonstrated in this site mn the
adult due to abnormal lymphoud hyperplasin or due to actul neo
plasm such as lympho epithelloma carcinoma or reticulo sarcoma
Where such a conditron 15 suspected either on clinieal grounds or from
mspection of the lateral film a further useful film 1s the submento
vertical projection of the base of the shull The air column of the



36 RADIOLOGY IN CLINICAL SURGERY

naso pharynx can be identified on this film and any soft tissue mass
projecting 1nto 1t can be locahzed (see Fig 23) At the same time 1t
can be noted whether or not there 1s actual mnvasion and destruction
of bone 1n the base of the skull

A further condition that can be diagnosed in the lateral film of the
naso pharynx 1s the presence of choanal polypr These attached by a
stalk to their site of origin mside one of the para nasal sinuses project
mto the air space lying usually above the soft palate (see Fig 24)

(4) The Pharyny and Upper Oesophagus

In a lateral film of the neck the pharynx 15 seen as an air space behind
the buccal cavity and below the soft palate 1t 1s bounded posteriorly
by the soft tissue lymng n front of the cervical spine and antertorly by
the base of the tongue showing as a smooth curved soft tissue shadow
At 1ts lower end 1t 15 bounded in front by the laryngeal structures,
these are discussed in the next section  Below the larynx the air column
of the trachea 1s shown there 1s rarely air in the oesophagus which
commences at the level of the upper part of the larynx At the base of
the neck at the Jevel of the thoracic mlet the air shadows of the lung
apices may sometimes be seen  The pre vertebral soft tissue shadow
narrow 1n the naso pharynx increases in depth as 1t passes downwards
unul behind the thyroid and cricord cartilages and upper trachea 1t1s
about 1 cm 1n width or approximately the same width as the vertebral
bodses lying behind 1t

Vartous condrtions may be demonstrated 1n the pharynx and upper

phagus by X ray 1on

Irregulanity of the soft tissue contour of the base of the tongue may
be due to syphilitic uler or to neoplasm This 1s best exammed by
direct or ndirect vision but frequently X ray examination can give
some indication of the extent of the lesion and of its relationship to
other structures

Retropharyngeal abscess will always produce increase in the depth of
the pre vertebral soft tissue shadow and this examination will not only
confirm a chinical diagnosis but alse show the extent of the condition
Retropharyngeal abscess usually gravitates downwards and may even
produce a mediastimtis A lateral film of the neck will show its exten
sion towards the thoracic inlet  This conditton 1f due to a perforating
mjury to the pharyngeal wall as 1s usually the case will often contain
arr or gas which shows as a gas shadow above a fluid level 1n the
swollen soft tissues (see Fig 25)

Generalized 1ncrease in the depth of the pre vertebral soft tissue
shadow may also be due to a tuberculous abscess tracking from tuber
culous cartes of the cervical spine  detailed examination of the bony
structures of the neck must therefore always be made Long standing
retropharyngeal abscess may also m rare cases affect the cervical
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spine by contigty producing 1 osteitis or purulent imolvement of 1n
intersertebral dise and the wjwent vertebrie  In this htter case
however there 1s o doubt on chimeal grounds 1s to the nature of the
condition nd there 15 unlikely to be any confusion with tuberculosts

The climenl hustory of 4 Iarge pharyngeal pouch 15 usually clssienl
Radiological cxamination by birmm swallow serves 1o confirm the
diagnosts and show the size of the pouch nd ats pressure effects This
condition 1s now thought by some 1uthonties to be due 1o 2 constricting

(a) (b

Fie 5 (a) A retro pharyngeal abscess showing as an increase in the pre vertebral soft tissu
space There 1s a marked cervical kyphosis (h) A retro pharyngeal abscess which has
cavitated showing, a fluid Jevel bulow a gas contaiming space

mechanism 1n the upper oesophagus 1 normal mechamsm which fuls
to relax thereby increasing pressure in the segment immedrately above
1it—an achalasia of the upper oesophagus The pouch thus fills first
and flow down the oesophagus does not take place until 1t 1s full and
overflow occurs In the first instance 1t hes behind the oesophagus but
as 1t enlarges it may occasionally come 1o he to one side possibly
deviating the adjacent oesophagus to the other side - As 1t becomes bigger
1t becomes dependent and its nech remains at tts upper border All
these features including the narrow segment below the neck of the pouch
can be observed during barium swallow examination and demonstrated
by the taking of spot films during the examination (see Fig 26)
The so called classical symptoms of pharyngeal pouch may not be
evident during the early stages of its development and there may be no
more than a mild or transient and intermittent upper oesophagenl
dysphagia  Such muld cases of dysphagia especially if persistent or
recurrent should therefore always be examimed by this method
Barium swallow examination”of upper ocsophageal dysphagia my
sometimes bring to light other cuses  For example ross osteophytosts
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of the cervical spine may produce such indentation and distortion of the
adjacent oesophagus as to cause discomfort or pain on swallowimng In
routine radwological work anterior osteophytes protruding round
cervical intervertebral discs are often found projecting into the posterior
wall of the oesophagus and the vast majority of these produce no

FiG 26 (a) A Jarge pharyngeal pouch filled with barium 1t 15 shown to be dependent and 1o
project nto the thora 1cinlet (4) A small pharyngeal pouch filled with barium 1t 1s shown
to he 1n the post-cricord space and to be dependent uts orifice Iyiag at the top  The relative

of the below the orifice 15 well shown

symptoms There can be no doubt however that sometimes they are
assocrated with symptoms It 1s not always the extensive osteophytosis
mvolving several discs that causes the condition and sometimes it may be
assoctated with prominent osteophytes round only one disc  In view of
the fact that the condition can be symptomless 1t s important not to
meriminate this finding as the cause until a1l other possibilities have
been excluded

Another cause of upper oesophageal dysphagia which may be found
at barium swallow examination 1s the presence of a post cricoid or
oesophageal web (sce Fig 27) The enology of this condition often
associated with an tron deficiency (hypochromic) anaemia 1s not under
stood The web may be small or almost complete 1t may be transient
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or persistent 1t may project anterorly, posteriorly or Lterlly mto the
ocsophagus  and 1t my be found during 1 search for 1 cause of dys
phagia or 1t may be found m 1 symptomless patient being nvestigited
for 1 hypochronue naemin Somctimes when the conditton h1s been

Fi 27 Batium swallow sh
o7 Baoum swa owing an © sophageal web just antenor to the intervertebral space

ii;monstrated radiologically subsequent oesophagoscopy fuls to find
e web  yet when these cases are re X rayed the web is no longer
p;esscm anrd 1t seems likely that the web has been broken down by %he
Is)eessat%fe Ow etl};e oesophagoscope  Certainly when the oesophagoscopist
beah o gnd passes hi> mstrument beyond 1t 1t then disappears
o I 1su sequent review of the arer with the instrument nd at

gical examination  If the web has been producing symptoms

N
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breaking 1t down by this direct approach invanably relteves the symp
toms It has been believed by some authonties that this condition 1s
pre malignant and can be the precursor of post cricord carcinoma

.

Fic 28 A post<cricord carcinoma outlined bv barium  Its extent 1s reasonably well shown
0 this him

Post cricord carcinoma can be demonstrated and diagnosed radio
Iogically on the lateral film of the neck by the localized increase 1n the
depth of the soft tissue pre vertebral shadow behind the trachea at or
Just distal to the fevel of the cricoid cartilage Barium examination
will show 1ts extent (see Fig 28)
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(5) The 1arym
The mam appliecation of radiologieat methods as wn nd to drgnosis
1 this field 15 1n demonstration of the extent of neoplism Circinoma
of the larynx may be an intrnsic tumour wlTecting the voeal cord 1re of
an extrinsic tumour which may be supr glotuc or sub glotic  Supra
glottic tumours nd tumours of the vocal cords cin be viewed by

Fic 29 A lateral film of the neck showing a carcinoma of the vatlecula projecting as & soft
tissue mass 1nto the air space of the pharyne Jts extent and margins are well showrt

endoscopy Even so radiographic demonstration by means of tomo
graphy will often add valuable information as to the size and extent of
the growth before operative or radio therapeutic treatment 1s under
taken During the course of radiotherapy this method will also demon
strate the response to treatment and the regression of the mass so
contnbuting 1o the control of treatment

In the case of sub glottic tumours which cannot be viewed by
endoscopy radiographic demonstraton by means of tomography 1s
the only satisfactory method of completing clinical exammation  In
all tumours mtrinsic supra glottic or sub glottic this method will
show the lowermost limits of the growth

Radiographic investigation consists of (a) a conventional lateral film
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of the nech (see Fig 29) This shows the vallecula the epiglotus the
thyroid cartilage and the aur column of the trachea  (5) tomography
1 the frontal (AP) projectton this 1s carned out 1 % cm sections

Fi6 30 An AP tomozram of the lanmx taken dunng phonat on showing 2 supra glot
carcinoma. Its lower extent is well shown, a feature which could not be deternuned at
chinical examination.

with the patient phonating thus bunging the vocal cords together and
providing good wvisualization by the contrast with surrounding arr
(see Fig 30)
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(6) The Nech

(@) Branclial Fistula  The external onifice of 1 brinchial fistula 1s
usually 1n the lower third of the neck near the outer border of the sterno-
mastord  Some have an internil onfice, but most are blind fistulae
If surgical excision 15 contemplited radiological demonstration of the
size direction and extent of the fistulous track 1s desirible  This s
achieved by mjecting the sinus with 1n opique medium—erther hiprodol
or onc of the modern water soluble medir such as hypaque can
be used When injection his been made slowly to the extent of

"2 1

* |

[/

FiG 31 Injection of of . ehowng s o
Paque medium 1nto a branchual
downwards ang iy e medum snto 12l fistula showing the extent of its tract
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producing, regurgitation from the onfice the shin surface 15 carcfully
cleaned and films in two planes postero anterior and lateral are
taken (see Frg 31)

(b) Cervical Adenopathy  Radiological examination has httle or no
part to play i the demonstration of cervical adenopathy or in the
differential diagnosis of cervical glands  It1s however worth recording
that the only cause of calcification in cervical glands s tuberculoss
Tuberculous glands undergoimng fibrosts necrosis and resolution take
18 months o 2 years to calefy  Thus the demonstration of calerfication
1n cervical glands indicates involuting tuberculous infection of 2 or more
years standing  This may sometimes be a useful point in differential
diagnosis

(c} Cerucal Rib Brachial plexus and arm neuropathics are more
commonly due to cervical spondylosts  or other causes than to cervical
nbs Nevertheless 1n the full investigation of such cases the possibility
of cervical nib must always be considered and its exclusion 1s sometimes
a useful step  Antero-posterior radiographic exammation of the
cervical spine will demonstrate or exclude the presence of a cervical
nb A satisfactory demonstration will anclude the whole of the cervical
spine so that each cervical vertebra can be identified and counted  This
can be achieved by the moving mouth technique—a relatively long
X ray exposure 1s made and the patient 1s instructed to move his lower
Jaw up and down during the exposure  this has the effuct of blurring
out the shadow of the mandible and so all the cervical vertebrae can
be identified  If this manoeuvre 1s not successful 1t 1s usually accurate
to say that there 1s a defimte difference between cervical transverse
processes and thoracic transverse processes the thoracic transverse
processes arc generally shightly longer than their cervical counterpart
and also have a slight upward ult whereas the cervical transverse
processes have a shight downward tilt  The segment of onigin of a rib
can thus be determined with reasonable accuracy

(7) Thyrod

Where surgery of the thyroid 15 being considered 1t 1s wise to adopt
the practice of X raying the thoracic inlet and the chest as a routine
pre operative measure  Often information of usc to the surgeon will
be forthcoming from this procedure

The following features may be determined from this examination

(a) The condition and situation of the trachea Often considerable
tracheal compression arises 1n thyroid enlargement giving r1se to sertous
respiratory embarrassment (sce Fig 32)  Frontal and lateral X ray
projecttons of the thoracic let will usually demonstrate the extent
of the narrowing of the trachea from this cause If the goitre 1s nodular
indentations on the anterior surface of the trachea may be seen  Simu
Iarly deviation of the trachea 1n this condition may be slight or marked
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and its exact ateral or posterior devition ¢ i be estimited  Sometimes
atongue of thyroid will project dow nwards betind the trache 1 displcing
1t fornards the demonstration of this provides uscful pre operitive
information (see Fig 33)

(b) Calotfication within the thyroid  This m1y be duc actually to
caletfication 1n the walls of an adenomn or m1y occurin 1 haematomn

Fic 32 Thoracic infet showing compression and deviation to the right of the trachea by a targe
soitre  There s onsiderable calcification in the walls and within the enlarged thyraid

following haemorrhage within the thyrord In the latter event the
calcification often has a  flocculent appearance (see Figs 32 and 33)

() Retrosternal projection of the thyrord Retrosternal thyroid
may arise as an extension of a clintcally recognizable cervical goitre or
the tumour may be entirely intra thoracic When there 1s ntra
thoracic extension the trachea is usually displaced backwards and
there may be increased prominence of the aortic knuckle due to down
ward displacement of the arch  Often the downward projection trom the
cervical swelling 1s diffuse and bilateral but sometimes the intra
thoracic mass projects markedly to one side from the medrastinal
border On screen examnation such a tumour can be confirmed as
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thyroid tissuc by observing its upward movement on swallowing
Not uncommonly there may be calcification within the intra thoracic
mass

With the ndvance 1n the treatment of careinoma of the thyroid there

tay

by

Fic 33 (a)Cal ficat on in the thyroid lying anteriof to the
trachea  The soft tissue space between the trachea 1s
normal () Encrease in the soft tissue space behind the
trachea due 10 projection of the thyroid  There s also
compression of the trachea

are two further features which may be of clinical significance  Meta
stases to bone from carcinoma of the thyroid present n about 50 per
cent of cases as solitary osteolytic bone lesions  They are usually well
defined destructive bone lesions ansing 1 the medulla and expanding
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the cortex rarcly producing 1ny penosterl or other osteo bhstic
acuvity  They often extend into the pent osscous tissues (sce Fig 34)
Metastases from tumours mn which the radio active 1odine up take

—

F1G 34 Osteolyuc metastasis with a large pen-osseous soft tissue swelling in the
medial end of the night clavi le from 2 carcinoma of the thyroid

1s considerable especrally if they are mn lungs may become more radio
opaque due to ther iodine content  Thetr progress c1n then be obseryved
by senal X ray exammations



CHAPTER 4
ALIMENTARY TRACT

RADIOLOGICAL examination of the alimentary tract 1n the hands of an
experienced ridiologist has reached a very high degree of accuracy
Nevertheless n this sphere perhaps more than in any other a
wirnmg note must be sounded that this 1s merely part of and not the
whole examinition of the patient Radiological examunations are
complementary to tnd should only follow full clinical examination
It 1s perhaps true to say that in this field a positive X ray finding 15
usunily significant but a negative result must always be accepted with
reserve Even 1n this age of high X ray diagnostic accuracy there 1s still
a place for the occastonal exploratory laparatomy nd in the presence
of some such positive finding as 1 persistent occult blood a failure to
detect an abnormality radiologically must be placed m its proper
perspective alongside other cintel and Irboratory data

(1) The Oesophagus

The value of radiological investigation of the oesophagus by barium
examnation has long been recognized and the appearance of cardio
spasm carcinoma of the oesophagus and stricture of the oesophagus
are familiar to all

It should be realized however that 1 full radiological exammation
of the oesophagus entails screen examunation of the pattent recumbent
as well as erect and entails filling the stomach with barrum 1n order
to determine competence of the cardia and exclude hmatus hernia
When therefore the radiologsst 15 asked to investigate a problem such
as dysphagia the request entails not just a barium swallow but

barum examnation of the oesophagus

Conditions which require some consideration are

(a) Oesophagitis  Oesophagitis may exist without there being
demonstrable or detectable radiological signs  Its presence depends
on the regurgitation of acid beaning gastric contents and the appear
ances which may occur in this condiion and on which a diagnosis
may be made are —

(1) The demonstration at screen examnation of free regurgitation
from stomach to oesophagus  this may sometimes have the appearance
of a see saw or to and fro motion and especially 1n nfants the flow
may go from stomach to oesophagus and back agam with each
respiration

<0
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() Spasm of the Tower end of the owsoph 1gus sometimes producing
a serrated outline

(m) The presence of n actund ulcer erater in the lower end of the
oesophagus due to peptic ulceration

{(v) The presence of tertiary contractions throughout the ocsophagus

Hiatus herma 1s usually demonstrable n cases of ocsophagitis  and in
long standing cases 10 which the infiammatory changes and ulceration
have caused cicatrization stenosts of the oesophagus may be present
(see Fig 35 (a))

Fic 35 (o) Huatushermiain a 7 year old child sho:
ot e pesnermaing 7 year mméh Wing stenosis of the lower end of the oesophagus

(b) Hiatus Herma Full radiolo

gical examination w
reveal the presence of hiatus hern p oot e

12 It may be shding or mcarcerated
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i type but long standing herniac tend to become fived either by the
development of fibrous tissue around the sac and pen oesophageal
tissues due to local inflammatory changes or by cicatrical stenosis and
shorteming of the oesophagus

The surgical treatment of the condition 1s nfluenced by the presence
or not of cicatricial changes 1n the oesophagus  Radrological investiga
tion of hiatus herma therefore 15 directed not only to 1ts dragnosis but
also to demonstrating the state of the oesophagus its course and 1ts
point of entry into the stomach (sec Fig 35 (#))

Fig 35 (b) Hiatushernta There s a large hernrated pouch of stomach
para oesophageal in tvpe but the oesophagus enters the stomach
above the diaphragm

(c) Oesophageal Varices These commonly occur n cases of portal
hypertension and are best demonstrated radiologically by means of
portal venography which can convemently be carried out by per
cutaneous splenic mmjection However 1n the mvestigation of recurrent
| barium 10n of the upper alimentary tract 15 a
simpler procedure and during the imtial mvestigation of such cases
the possibility of gastric or duodenal ulcer must usually be excluded
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ting mnto the
fien possible to demonstrate the vancositics project

lurlx:cl: (:)f lhcpocsophagus when 4 thin corting of barum hns been feft
Jimng the ocsophageal mucost (see Fig 36) It may be difficult to

Fic 36 O sophageal var es

detect these small projections at screen examination and sometimes
they will only be scen on films taken on expiration with the patient

lying obliquely tn the recumbent position  Sometimes though present
they make no ind w the

phagus 1 which case they he



54 RADIOLOGY IN CLINICAL SURGERY

1 the perr oesophageal veins rither thin the sub mucosal vens [t 1s
mimportant to reahize therefore that fulure to detect or demonstrate
oesophageal virices at binum examimation does not exclude their
presence

(2) Stomach and Duodenum

The value of radiological mvestigation m the discovery of lesions
in the stomach and duodenum 1s unquestioned The success of such
mvestigations 15 dependent on careful and full screen examination by
an experienced radiologist Nevertheless despite improvements 1n
apparatus advances tn techmque and the most carefully conducted
examination 1t 1s possible still to muss small lesions

In recent years there has been a very considerable increase n the
number of cases referred for barium meal exammation and 1t 15 un
fortunately all too true that with the increased out patient work that has
confronted climictans and the welter of work referred for X ray examina
tion there has been a tendency for the climcian to give the radiologst
less information and for the radiologist to conduct his lists of barum
examinations with msufficient clinical and labortory knowledge of
the case under nvestigation  Only 1f this trend 15 overcome can any
real further advance be made The ideal of consultation on every
case 15 probably unattamable but surgeons and radiologists should
certamnly meet regularly to discuss problematical cases should devise 2
system of consultation over special cases and a system of advising the
radiologist of the surgeon s operative findings (including the radio
logist s successful diagnoses as well as hus failures) for it 15 only by
continuing to learn and by developing such conditions of mutual trust
and confidence of understanding each other s problems that the best
iterests of the patient will be served

(@) Congenntal Hypertraphic Pyloric Stenosis  In mfants the empty
ing time of the stomach 15 very vaniable up to 6-7 hr being within
normal imits while delay 1n commencement of emptying can be due
to pylorospasm induced by the artifictahty of the barium teed and the
surroundings of the X ray room The only radological signs that are
of true value are the demonstration of the narrowed and elongated
pyloric canal (see Frg 37) and the visualization at screen examination
of deep hyper active peristaltic waves

(b) Haematemesis and Melaena  Haematemesss 1s 1 chmceal problem
mto the early stages of which the radiologist does not usually enter
Yet he 1s vitally concerned for sooner or later he will be asked to mvesti
gate most cases of haematemesis

Haematemess may be spontaneous and unheralded or 1t may follow
a long hstory of epigastric symptoms It may be single or recurrent
small or massive  The patient may appear little the worse for the episode
or may be exsangurnated
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The practice m many hospitals 1s to treat the paent ind mvestigite
him subsequently My ridiologists prefer to illow 1 period of three
weeks 1o clapse on medie trertment before cireying out any examin
tion of the upper ahmentary trict  Barum eximination of the upper
alimentary tract 1s 1 highly techmieal procedure ind cven in the most
shilied hands 1s something of 4n ordeal for the pitient  In such crses
as these 1t 1s important to find f possible the source of the bleeding
Causes of hiematemesis m1y be conditions such 1s hntal hernn

Fic 37 Demoanstratton of the clangated pylonic canal 1a 2 case of
pylonic stenosis

peptic ulceration of the ocsophagus aesophageal varices gastric ulcer
ulceration of the surface of a gastric neoplasm such as a leromyoma
duodenal ulceration or even upper Jejunal lesions  With so wide a
vartety of possibilities under consideration the examination must needs
be thorough which means that 1t will be arduous for the patient
certainly more than an exsangumated patient can withstand  Yet
spite of this 1t 1s a fact that routine X ray exammation of su€h patients
produces 1n many cases no positive finding It 1s of course hkely that
many bleeds are due to superfictal erosions of gastric or ducdenal
mucosa which even at an early stage would not be detectable radio
logically and which after three weeks of medical treatment have healed
and 5o are no longer detectable Yet a negative result 1s a valuable and
important contribution to the conduct of the case for 1t excludes the
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other posstbilities and gross pathology confirms clinical impressions
and allows treatment to continue along established lines

In some cases of massive haematemesis where gastric ulcer 15 sus
pected and where the chnical condition of the patient may require
emergency gastrectomy 1t 1s the practice in some hosputals to give the
patient 1 cupful of barium or one of the newer water soluble media
such as Gastrografin to drink and to take a series of films (some
times even with a ward mobile X ray unit) i pre determined posttions
This will sometimes confirm the clinieal dingnosis or possibly exclude
gross pathology and so mfluence the immediate conduct of the case
If such 1s the practice 1t 1s wise always to have this examination con
ducted and mterpreted by the ridiologsst for the hazards of inter
pretation of barwum films of the upper nlimentary tract in differing
conditions and positions such as these are too great to leave to the
uninittated and will only bring the practice into disrepute 1f indeed 1t
does not cause actual catastrophe

Meclrena 1s usually treated and investignted in the same way as
haematemesis It may be due to the same causes but naturally if no
cause 1s found m the upper alimentary tract the pursuit must be taken
further and 1 small bowel exammation and probably a large bowel
examination carried out  Bleeding from either 1 duodenal ulcer or less
commonly a hiatal herma 1s common n the experience of all surgeons
and radrologists as 1 cause of meliena In the small bowel divertt

V culosts may give rise to bleeding and may be detectable radiologrcally

A Meckel s diverticulum may give rise to haemorrhage and radiologists
are often ashed to demonstrate or exclude 1its presence It 1s rare for
barium 1n the small bowel to enter a Meckel s diverticulum even 1f it
exists and 1f 1t does exist and barium does enter 1t 1t 15 usually extremely
difficult to be certain that the contrast medium 1s not just in another
loop of bowel Cases have been published 1n which 1 Meckel s divertt
culum has been demonstrated but this has usually been post operative
confirmation of suppositton and 1t 1s not commonly within the com
petence of radiologists to demonstrate this structure  Thus requests for
mvestigation to demonstrate or exclude 1ts presence are of hittle value
and the results may be misleading

If examinations of the upper alimentary tract and small bowel in
cases of melaena yield no result then bariim enema examination of the
large bowel must be undertaken While 1t 1s recognized that bleeding
lesions n the large bowel usually produce blood in the stools never
theless altered blood may not uncommonly be passed from pathological
conditions 1n the nght half of the colon

(c) Peptic Ulceranon This subject has been briefly mentioned
reference to haematemesis and melaecna However only a mnonty
of cases present with such definite positive signs and most cases sus
pected as having peptic ulceration of the stomach or duodenum present
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with only 1 symptom complex Many cises ereate no difficulty to the
radiologist 1nd 1 poutne dingnous of gustne ulcer lesser curve or
postenor wall or of duodenl uleer 15 cruly made  In many other
cases however dingnosts 1s less certun - This may be because of in

herent difficulties due to the hibitus or posture of the patient. Examinn

tion of a hypertonic stomach high under the sternal notch or of 1 squat
thickset patient or of 1 hypotonie apenstaluc stomich an 1n 1stheme
indinidual or of a duodenum with 1 mesentery producing extra loops
can produce techmeal problems which cven the most expenenced
radiologist finds difficulty 1 overconung  In the stomach anterior
wall ulcers admuttedly 1 rarity may be missed  In the duodenum af
there has been a long ustory of symptoms compatble with ulceration

the presence of scar tissuc with its conscquent fibrosis and puchering
may render 1t impossible to demonstrate n active ulcer  Radiologists
have more and more come to tely on obtnming their graphic demon

strations of therr screen examinations with 1 mimmum of banum A
httle barium particularly 1f associated with gascous distension demon

strates while much btium obscures In spite of this 1n spite of expent

ence and of improsvements 1n apparatus 1t s still possible to miss an
ulcer or to mislead the climicsan 1n charge of the case  1t1s still true that
while a positne radiological finding should usually prove correct a
farlure to demonstrate peptic ulcer 1 1 case in which the chinical
history and signs point very much to this diagnosis while usefully
excluding grosser pathology does not positively exclude that condition

In such cases grosser pathology having been excluded and other
laboratory tests being compatible most chnicians are satisfied to treat
their patients expectantly along symptomatic lines A radiological
sign of some significance 1n arnving at a diagnosis of duodenal ulcer

15 punctate tenderness t part of the duodenum elicited with
the pauent in_the erect position though often this same tenderness

may be difficult or imposstble to elicit 1n the supine postion

One of the many difficultes facing the radiologist in examination of
the duodenum 15 1o interpret the sigmficance of constant deformuty of
the first part of the duodenum when no ulcer crater can be demon
strated  This sort of deformuty may be due 1o fibrosis and scarnng
round a long standing ulcer 1t can also be due to carcinoma of the head
of the pancreas and a tendency to diagnosis this latter condition as
duodenal ulcer 15 one of the recogmized errors of radiology of the upper
alimentary tract

(d) Retrograde Jejuno gastric  Intussusception Following gastro
Jejunostomy  retrograde infussusception may occur either as an acute
or a chromic condition The acute state may occur 7-10 days after
operation and 15 probably due 10 oedema round the anastomosis with
2 loop of jejunum becoming locked 1n the oedematous stoma With

continuous suction and attention to the pattents flud balance the
s
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ocdema resolves and the intussusception reduces without further
operative action  The dingnosis can be confirmed by giving the patient
an ounce of barium to drink and 30-60 mun later taking a radiograph
of the stomach—an examnation which can be carried out with a ward
portable umit (see Fig 38)

FiG 38 Retrograde jejuno gastric intussusception occurring 7 days after
gastro jejunostomy has been performed

The chronic state 1s one which may not be suspected and which may
not be detected for the mntussusception 1f reducible may herniate into
the stomach and be reduced several times during the course of an
examination 1n fact the radiologist may be able to produce and reduce
the mtussusception at will by palpation s

(e) Anastomotic and Jeyunal Ulcer  An ulcer at the stoma or n ﬁ:{;
Jejunum just distal to the stoma 1s often difficult to dcm;‘:nstrale ai
the radiologist has often to change is techmique using considerabty
Jess banium than 1s usual i carrying out a barium meal exagunatigdit
It 15 essential therefore when a request 1s made for a banum_?xamm
tion on a case that has previously had 1 gastrectomy that fhe fullest
details of the type of operation carricd out should b gp‘gn'{;‘rhe

pl
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radiologist must be m full possession of all the available information
when conducting his extnunation

(f) Gastro colic or Gastro jejtno colic Tistula This rare Tte sequel
to various forms of gastro Jejunal nastomosts 15 sometimes suspected
clinically and can be demonstrited radiologieilly  However even if
W exists 1t 1s rare for the fistulous connection to be demonstrated by a
barium meal cxamnation  Barum encm s the eximination that
should be requested when this lesion 1s suspected and its presence will
almost 1variably be demonstrated by this route

(g) Tumours of the Stomach Radiological dragnosis of tumours of
the stomach often bears no relationship to esther chincal findings or
the pathological state

In patients presenting with 1ron deficiency anaemia or pernicious
anaemia and no detectable climeal signs surprisingly large gastric
tumours may sometimes be found Not uncommonly extensive tumours
of this type n which sometimes the clinical history may be very short
are found at laparotomy to be operable with no obvious hepatic meta
stases and no macroscoptc lymphatc permeation  Qccasionally
these large tumours which have been silent in growth are found on
histological examunation to be lelomyoma or neurofibroma though
sarcomatous changes may arise 1in both This type of neoplasm on
reaching large proportions sometimes ulcerates on 1ts surface occa
sionally producing a massive haematemests  radiologically 1t 1s thought
that a large intra luminal tumour in the stomach with an ulcer or
uleers on 1ts surface 1s likely to be either a lelomyoma (or letomyo
sarcoma) or neurofibroma (or neurofibro sarcoma) (see Fig 39) sucha
diagnosis 1s however only of academic mnterest for all gastric tumours are
potentially mahignant and require surgery Itas however worth reahzing
that the size of a tumour bears no relationship to 1ts mahgnancy and
that provided chinreal factors do not contramdicate 1t laparotomy 1s a
proper procedure 1 even large tumours Simularly the most muinute
and radiologeally mnnocent looking mass can prove at laparotomy to
be widely infiltrative with extensive metastases

A question often ashed 15—how accurate are radiological methods
mn the early diagnosis of mahignant disease of the stomach? As always
with such nvestigations the degree of accuracy must vary with the
expenience of the radiologist  Large tumours and extensive nfiltr itive
saierhus carcinomas are easy to detect and demonstrate  Small tumours
may casily be overlooked—especially may they be obscured by the use
of 100 much barwum  Tumours erther infiltrative or encephalold n
the pyloric antrum may be difficult to detect 1n the carly stages Opinion
as to whether lesser curve or postertor wall ulcer 1s simple or malignant
can be extremely difficult to formulate certun definite signs of malig
nancy exist the most important of which are (1) that intra luminal
aleers are usvally mahgnant and () that pliteau or flat bottomed



60 RADIOLOGY IN CLINICAL SURGERY

ulcers are commonly malignant It 55 important to realize that what
was at one time "ccepted as a clear indication of malignancy—great
size of the crater—is no longer regarded n this Iight However,

>
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Fic 39 A large tumour demonstrated 1n the stomach at batum meal examination Five
separate ulcer can be identified on its surface Gastrectomy was performed and th tumour
was found 10 be a neurofibroma

definite criteria that ulcers are sumple are non exsstent  This 1s not
surprising as even histologists cannot always agree whether or not an
ulcer 1s mahgnant or simple  Anterior wall lesions may escape detec
tion at even the most scrupulous examination but when detected are
often mahgnant
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To sumup then with regard to the dignostic value of rrdiologicnl
exammations m this realm it can be stated that

(1) A positne dingnosis of 1 tumour 1s almost mvartably correct
Radiological  differentintion  between  carcinoma simple  tumour
\)"mphos?\rcoma etc 15 only of 2crdenuc wterest 15 rarely posstble with
any degree of certainty and should not mflucnee surgical conduct of
the case

() The site of the tumout s demonstrated by \ ry exammation
e ¢ the cardia or the pylone 1ntrum and the demonstration of involve-
ment of the cardiac orifice or the pylorus may influence both the surgteal
approach and the conduct of the case

(1) The size of the tumour m1y bear no relitionship to its operbility

() The malignancy or otherwise of an ulcer may be no more castly
determined by this form of examination than by gistroscopy or even
histological exammnation  All surgeons are fimuliie with cases of
histologically simple ulcer dying within 12 or 18 months of gastrec
tomy from metastases History and climcal assessment of the patient
may often be more rehable guides to the presence or otherwise of
malignancy

(v) Doubtful or equiocal radiological findings in suspected cases
should be followed up by gastroscopy and repeat X riy exammnation if
not laparatomy

(v1) A negative result from a carcfully conducted eximination by
an expertenced radiclogist probably means in the vast myjonty of
cases that there 15 no tumour present It1s of course possible for even
the most experienced specialist to muss pathologicnl processes just s
1t 15 possible for the surgeon at laparotomy with the viscus in his hand
to fail to detect or recogmize existing pathology  On the whole howewer
both contingencies are unlihely

(3) The Small Bowel

Radiwological examination of the small bowel 1s notorously difficult
Mechel s diverticulum is rarely detected pre operatively Duverticulosts
of the small bowel may be demonstrated though its extent may not be
determined  Conditions such as tuberculosts regional ilcttis and
tumours often become surgical emergencies before they present
chnically

For satisfactory exammation of the small intestine tn the adult 1bout
two ounces of barwum 15 the optimum amount of contrast medium
1e considerably less than 1s used n examnation of the stomach More
than this tends to obscure rather than demonstrate small bowel lesions
Thus the techmque for radiological examination of the small bowel

differs from that for examimation of the stomach and duodenum and
attempts to combine the two may lead to missing demonstrable
pathology
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Examination of the small bowe! too 1s a time consuming procedure
requiring frequent films 1nd screen exammations of the patient over
a period of up to 5hr or even more and such examinations often
require special arrangements to fit them nto the time table of a busy
department

It s important therefore that in making a request for a small bowel
exammttion 1 surgeon should have a clear conception of the patho-
logical condition that he 1s considering and the type of examination to
which he 1s submutting the patient and which he 1s asking his radio
logscal colleague to carry out

Regional Hewis (Crohns Disease) The belief that a positine diag
nosis of regional 1leitis 1s rarely made by radiological methods 1s
musplaced In a recent series of 71 cases analysed tn the authors
hospital 42 of which had been X rayed there were positive radrological
signs ;n 40 Though the positive radiological signs were mussed at
the time of the examination 1n 7 of these and only recogmized retrospec
tvely 1t remains on record that in 33 of the 42 cases investigated a
definite diagnosis was made

The radiological signs vary with the stage of the condition its site
extent and the presence or not of complications Some obsenvers
advocate examination by barium enema but most cases are demon
strated radiologically by a small bowel exammation 1¢ barium follow
through In the patient with this condition who presents with a chronic

/ history of bowel disturbance careful history taking and clmrcal
exammnation will usually lead to a presumptive diagnosis of the condition
E S R and occult blood examinations may grve support to the diagnosis
which can then finally be clinched by radiological investigation
/ Not all cases however present conveniently with such a chrome

\{4 history many 1n fact are admitted to hospital as acute abdominal

emergenctes and the diagnosts 1s made at laparotomy Most surgeons
prefer to avord open surgery n regional ileitis 1n acute abdomnal
emergencies which settle or 1n sub acute obstructions where the diag
nosss 1s in doubt and there are no positive signs for immedaate surgery

1 conservative approach with full chmeal Iaboratory and radiological

investigation may often avert catastrophe and avoid the causation of

troublesome fistulae and sinuses

The natural history of the disease 15 now regarded as consisting of
three phases The phase of onset 1s characterized as betng associated
with anorexia tiredness and symptoms suggestive of a  grumbling
appendix  The phase of physical signs usually manifests iself by
diarrhoea  abdommnal pamn anaemia a palpable mass and pyrexa

The phase of complications presents as already discussed with signs

of obstruction fistulae or even perforation

Radiological signs are rarely present during the first phase and pro
bably arise somewhere between the first two phases In early disease

/
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the ridiologrenl signs which miny sugeest the dignosss e (1) changes
i the mucosat pattern of the smll bowd appearng s 1 constint

roming out  of the mucosil folds  (As 1 trinsitory 1ppeirnce this
may be within normal haits ) (11) Narrow g, of the lumen of the bowel
(m) Loss of plnbility of the bowel and possibly 1 locihzed mnss or
filling defect  Because of the frequency of nccompanying colitis 1t 1s
essential to huve also 1 hnowledge of the stite of the mucosa of the
colon and so all ¢ases should be investigated by banum enema s well
as by barium follow through cxaminition  The radiological signs of
advanced discase are  {1) The string  sign (hntor s sign) described as
an arregular linear shadow suggesting 1 cotton string m appeirance
extending continuously from the region of the last visualized loop of
rleum through the entire extent of the filling defuct 1nd ending at the
ileo caecal valve (see Fig 40) This may be duc to spism oedema or
fibrosis (1) Contraction and spasm of the crecum producing 1 conienl
shape (Stierlin s sign) (1) A cone shaped contraction of the 1leo caceal

Yy 5

Fie 40 Crohns Dis 2y Ba
S rium is shown in the terminal ileum and 4 positive String sign
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valve which may be embedded in 2 mass of fibrous tissue  (1iv) Dilata
tion of loops of bowel proximal to the stenotic Jengths  (v) The presence
of fistulae demonstrated by banium tracking outside the bowel erther
n a bhind track or connectng with some other part of bowel or with
some other viscus such as the bladder

(4) The Large Bowel

Radiologists have learned over the years that barium 1n bulk often
obscures more than 1t demonstrates and this apples especially to
examnations of the colon Techmques therefore have been directed
towards obtaining mucosal pictures of the colon and varous practices
such as the usc of probanthine tanmic acid venipaque and air replace
ment have been devised Individual radiologrsts 2ll have their own
preference  All these procedures however are dependent on satis-
factory preparation of the bowe! i order to get nd of all faecal
matertal

in spite of this st must be recognized that the detection of early
lesions 1n the large bowel still leaves something to be deswred  Large
mtra luminal carcinoma  diverticulitts established ulcerative colitis
intussusception  diffuse polyposis and amocboma are conditions that
are readily recogmzable should not be missed by radioJogical methods
and 1n the mvestigation of which this form of exammation 1s a useful
and essential diagnostic ard  But annular carcinoma  the early mam
festation of mtra fummnal carcinoma and single polyps are fesions that
may not be detectable even at the most scrupulous and pamnstaking
exammation

(a) Ulceraine Colitis  The early stages of this condition are often
difficult to demonstrate radiologically as the mucosal oedema swelling
and hyperaemia can exist for a considerable ime producing marked
symptoms before any changes take place i the bowel wall which are
detectable on the radiograph Thus changes seen at sigmotdoscopic
examnation such as reddened and angry mucosa that bleeds easily
may not be detected by radiological methods It 1s only when the
mucosal swelling 1s of an extent to obliterate haustrations or actual
ulceration has taken place that the radioogical confirmation becomes
possible  Thereafter as the ulceration becomes more progressine or
pseudo-polyps become demonstrable and haustrations disappear from
large segments of bowel or as the muscle coat becomes mvolved and the
bowel assumes a nibbon hke appearance the radiological diagnosis
1s simple and conclusive The role of radiologcal exanunation in the
established case 1s

(1) To demonstrate the length of bowel that 15 mvolved (see

Fig 41 (a)

(1) To show the stage that the disease has reached n all the segments
of mmvolved bowel n partcular where the disease has reached an
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advanced stage to show the 1hility of the bowdd to contract and distend
(see Fig 41(h) fcted (scc

) To show whether of not the terrmnal sleum 15 affecte
Fig 41(b
l%n) 'E‘o))dutccl malignant chinge should this arise for carcinomn of

Fig 41 (a) Barum and arr contrast 1n 2 case of uleerative colinis affecting the transverse descend
1ng and s1gmoid colon and the rectum  There is no evidence of involvement of the caccum
ascending colon or proxtmal part of the transserse colon

the colon not uncommonly develops in long standing cases of ulcerative
cohtis

(b) Amocbiasts  Infection of the large bowel with Entamoeb
histolytica commonly extends secondanly to the hiver 1nd local spread
across the diaphragm into the thorax may occur Asymptomatic
wmtestinal infections may occur but the common presentation 1s that of
amoebic dysentery The diagnosis rests primarily on the recovery and
wdentification of the parasites esther 1n the amoeboid or cystic state from
the stools from scrapings of rectal or sigmord lesions or from necrotic
debris expectorated or obtuned by needling Radiology however has
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some part to play as a means of demonstr wing, the extent of the disease
and of its complications 1n known cases

The radiological appearances that may be encountered may be local
i the large bowel or remote In the large bowel there may be changes
of contour changes in the mucosal pattern or amoeboma The changes

Fic 41 (b) Advanced ulcerative col tis affecting the whole colon  There
1s also involvement of the terminal ileum

1n contour usually take the form of producing a narrowing especrally
of the caecum which may become funnel shaped In addition there 1s
loss of distensibility of the affected part of the bowel and 1t assumes a
shaggy app The ch m the | pattern are not
specific but consist of @ loss of the normal mucosal pattern and replace
ment by a granular appearance with distortion by segmental spasm
Amoeboma usually occurs in the night half of the colon 1t appears as
a fixed space occupying tumour within the lumen of the bowel (see
Fig 42)
The remote changes are due to complications—hepatitis liver abscess
pleural effuston and Jung abscess
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Hep s causes dimimished respiratory cxeursion of the diaphrigm
over the afTeeted lobe of the Tner which ¢ in be seen at sereen cmmyg'l
tion Liver 1hscess m1y produce no obvious changes in contour ut

Fi 4 Barumen mamacas of amoebs dysentery There s ularge fillingd fuctin theca cum
m wh h aragged lumen— an amoeboma

of the liver enlarges upwards marked elevation of the diaphrigm can
occur  The abscess cavity 1s not visible unless air replacement takes
place erther during aspiration or following perforation mto a gas
contaiming viscus  If there are mtra thoracic compheations there 15
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some part to pliy 1s 1 means of demonsirining the extent of the disese
and of its complications in known ¢ases

The radiological appearances that may be uncountered may be Jocal
i the large bowel or remote  In the large bowel there may be changes
of contour, changes 1n the mucosal pattern oramocboma The changes

F16 41 (8) Advanced ulcerative colitis affccting the whole colon  There
15 also mvolvement of the t rmimal ileum

1n_contour usually take the form of producing a narrowing especially
of the caecum which may become funnel shaped In addttion there 1s
loss of distensibility of the affected part of the bowel and 1t assumes 1
shaggy appearance The changes in the mucosal pattern are not
specific but consist of a loss of the norml mucosal pattern nd replce
ment by a granular appearance with distortion by segmental spasm
Amocboma usually occurs 1n the right half of the colon 1t appears as
a fixed space occupying tumour within the lumen of the bowel (sec
Fig 42)
The remote changes are due to comphcations—hepatitis Iiver abscess
pleural effusion and lung abscess
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importance thit they should not be missed—indeed the slogan * Polyp
detection 15 cancer prevention has in tt some element of truth  The
greatest step forward n the rdiological dingnosis of this condition
has 1 the opimion of the author been the introduction of the routine
use of tanme acid sn the banum solution followed by ur insuffltion

The tanmc acid added just before the ex 1nunation 5o 4s to produce 1 11
per cent solution of tanme a¢id in the barium solution has two cffects—
having a shghtly nstringent cffect 1t usually ensures good evacuation of
the barium with collapse of the bowel and being 1t thus strength very
shghtly arritant 1t has the effect of mking 2 thin film of barium adhere
to the bowel wall  Thus excellent mucosal pictures of the gut can be
obtamned If the colon 1s then insuffiated with asr by means of 1 Higgin

son s synnge excellent demonstrations of great detul and of considerable
diagnostic value can be obtuned  The m of such nvestsgations ts

of course to detect polypt 1t the erliest possible time—a single rectal
bleed will sometimes bring a pauent for advice and 1t 15 1n such cases
that often great benefit can be achieved It must never be overlooked
that colonic polypr are often multiple nd that of one 1s found scarch
must be made for others  Unfortunately 1f preparation of the colon for
the banum enema has not been effective 1 facel residue can produce 1n
appearance indistingwishable from 1 polyp (see Fig 43 (a)) Itisinsuch

F1G 43 (5) A polyp 1n the transverse colon well dem

onstrated
following evacuation of the barum enema  Note by air insufflation

its base
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almost always an associated pleurl effusion really an empyema
which may be extensve  and inflammatory and destructive lung
changes usunlly occur

Amocbic dysentery docs not commonly produce strictures 1n the
colon though rarely this can happen  Bacillary dysentery, in contrast
may leave severe and multiple strictures  Radiology has no part to
play during the acute phase of a bacillary dysentery and indeed no
diagnostic aid other than laboratory faciities are required  But 1n the
mvestigation of altered bowel habit following severe bacillary dysentery
such fib ous strictures m1y be found

(¢) Pohypt and Carcinoma of the Colon  Smnil adenomata may be flat
and sessile or may become polypoid and pedunculated They will
commonly be obscured during complete filling of the colon with banum
during barium enemn examnation and will only be detected on the
mucosal films after cvacuation of the bursum or after airinsufflation As
polypt not uncommonly undergo mahignant change 1t 1s of considerable

Fic 43 {a) Barum encma showing a long narrow segment at the hepatic flexure due 10 carci
noma of colon  In the Left half of the colon are muluple filling defects due to a considerable
faecal residue any onc of which could be due to a polyp
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affected bowel i seen to be nirrowed nd iereguhie i outhire—it his
been deseribed 15 havng 1 s tooth  appearinee  the diverticult
do not 6t or 5ot mny of them do the binum eatening s fir as the
nech but not into the siccule  nd duning screen exammation that part
of bowel ffected m1y be found to be palpably thickened tender nd
fined

Tic 4 Duert ulosis ofa lon
g segment of th siymo d and descend,

the bowel though the bowet 1 sl hil o oo lumen of

the bowel tho sl uhtly spasti~is not narrowed and distended normally on
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cases that consultation between the surgeon and the radiologist 1s
essentialin the interests of the patient A useful diagnostic point 1s that
while an adherent faecal residue never causes puckeringof the bowel wall
apolyp especiallyfits base 1s mfiltrating may do so (scc Fig 43 (6)) In
any case of doubt where the clinical presentation was sufficiently strong
towarrantit stisalwaysworth while after full consultation constdering
repeating the cxamination after 8 or 10 weeks  It1s also worth realizing
that sometimes the radiological exammation may give a more reliable
assessment of the state of affairs than manual examination of the bowel
at laparotomy by even an expertenced surgeon  The author has hnown
a case where a radiological diagnosss of carcmoma of the colon accom
pamed by a polyp at some distance from the main lesion was made
yet at operation dealing with the operable carcinoma the surgeon failed
to confirm the presence of the distant polyp only to have 1o re open
the patient two years later for what was now a second carcinoma at the
site of this distant polyp  As stated already polyps or carcinomas are
occasionally muluple and after successful resection of one 1t may be
1n the interests of the patient to repeat the radiological examination of
the colon at intervals of say two years or more frequently if sigmificant
symptoms supervene In such cases 1t may be possible to demonstrate
early recurrence at the site of resection

(d) Drerticulis of the Colon and Carcinoma  Diverticula of thecolon
are a common finding (see Fig 44)  Occasionally a few or even sohtary
dwverticula are found 1n the right half of the colon but by far the com
monest site to be affected 1s the sigmoid colon The presence of diver
ticula does not necessarily mean that inflammatory changes must exist
though stasis 1 them does predispose towards the development of
inflammauon  Stasts in these small pouches of bowel 15 a very common
feature and often a film of the abdomen 7-10 days after a barum meal
or barium enema will res eal a bartum restdue in them  In such conditions
stagnation 1s inevitable providing an excellent medium for the develop
ment of nflammation  Constdering how frequently diveruculosis 1s
discovered at routine exammations 1t 1s surprising how few of the
persons so affected have positive radiological signs of diverticulitis It
1s probable of course that many of the diverticula do 1n fact become
inflamed from time to time producing bowel symptoms of varying
degree but that these sntermittent transient and munor episodes are
nsufficient to produce pathological changes capable of producing
radiological signs

Detectable radwological signs of diverticulitis are due to cxtensive
and probably longstanding pathological changes As the sacculae
become inflamed and the mflammation spreads to the surrounding
tissues 1n the bowel wall the neck of each divertiuulum becomes either
spastic or oedematous and the whole bowel in the involved segment
becomes thichened and irntable At barmim enema examiation the
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Carcinoma not uncommonly occurs 1n tssociation with diverticuliis
or as 1 complication of it Most surgeons of any experience have been
faced at laparotomy with an inflamed mass 1n the sigmord colon which
they have been unible to diagnose defintely as diwerticuliis or an
inflimmatory mnss round a carcinoma The sime problem exists at
radiologicnl examimation and 1t 1s often not possible to exclude the
possibility of co existent neoplism  ndeed 1t may not be mn the best
interest of the patient for the radiologist to try to exclude the presence
of ncoplasm when faced with advanced diverticubuis though there
are oceastons when he can defimtely pont towards the likelihood of its
presence

The role of radiological examination n this 15 therefore—(1) to
establish 1 diagnosis of diverticulosis and demonstrate 1ts extent {n) to
diagnose diverticulitis 1f positive signs are present and to demonstrate
its extent (i) to demonstrate changes in the lumen of the bowel (1e
narrowing) 1f any n the affected segment and especially show the
ability of the bowel proximal to the affected segment to empty itself
of 1its contents at evacuation (1v) to show 1ny of the possible complica
uons that may anise e g the co existence of neoplasm the existence of

Fig 45 Diverticulitis of the sigmoid colon  Thus film was taken after air insufflation following

evacuation The rectum and descending coton are well distended by the air_but the sigmoid
olon remans narrowed One of the complications of this condition namely a Colo vesical
fistula 15 demonstrated there being barium in the bladder



CHAPTFR 5
DISCAST OI' THE BITIARY TRACT

RADIOLOGICAL nvestigation of the bihary tract my be clssified s
pre operative operuive and post operative

(1) Pre-operative

(@) The Techmque of Cholecvstography as a Diagnostic Test The
test 15 well known and requires no full description 1t consists of the
oral admmstration of an organic 1odine compound (there are many
Pheniodol Telepique Biloptin Biliodyl etc) and the taking of films
during a peniod ranging from 11-16 hr later When a satisfactory
demonstration of the gall bladder has been obtamed a further oral
admimstration 1s given of a substance containing fat or oleum arachis
or even a meal with cggs and butter and then subsequently further
films are taken during and after contraction of the gall bladder During
the course of the exammation films are taken with the patient both
prone and erect

If no satisfactory demonstrition of the gall bladder has been obtaned
before admimistration of fat and this failure of visualization 1s not due
either to the patient having vomited the contrast medium or to pyloric
stenosis a second dose of the compound can be given the following
mght and whole procedure repeated This will sometimes provide
visuahzation of the gall bladder  Occasionally the oral contrast medium
produces intestinal hurry or diarrhoea but this rarely 1f ever interferes
with absorption of the medium  poor concentration by the gall bladder
should not be ascribed to this factor

Tomography as described later may be of very great help in obtain
g good demonstrations of the gall bladder 1f 1t 15 beng obscured by
overlying faecal and gaseous bowel shadows

Cholecystography can only be regarded as a test of gall bladder
function 1f the possibility of liver disease can be excluded Further 1t 1s
useless to carry out these nvestigations n the presence of jaundice as
visualization of the gall bladder will not be obtained even with a
history of jaundice having disappeared as long 75 2 or 3 weeks
fatlure to visualize the gall bladder may still occur

Interpretation of the results of cholecystography 1s not always simple
and should never be divorced from the clinical aspects of the case under
mvestigation  The radiological investigation 1s not the final arbiter
of gall bladder disease_but merely one factor i the full climeal examina
tion of the patient The following generalizations therefore though

75
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para calic fistule or colo vesical fistule (sec Fig 45) (v) to exclude
pathological conditions from the remunder of the large bowel

(¢} Hirschsprung s Disease This condition due to an aganghonic
scgment of sigmoid colon 1s now differentiated from megacolon and
its surgical trertment by recto sigmoidectomy 1s n established practice
It sometimes presents m the first few days or weeks of hfe mmicking a
neo nital obstruction but often the onsct 1s insidious with constipation
and increasing abdomtnal distension becoming gradunlly more apparent
The differentinl diagnosts from megacolon 1s made by rectal examina
tion but once megacolon hns been excluded 1t 1s essential to confirm
the diagnosis of Hirschsprungs diseasc This 1s donc by barum
enem exammation with 1n additron to the routine films a radiographic
demonstration in the lateral projection (see Fig 46) This shows not
only the nirrow constriction at the recto sigmod junction or n the
sigmoid colon but also 1ts length which may m some cases be as much
as 10 or 12m

In carrying out this examination 1t 1s important not to fill the colon
completely with barium as this may take several pints and will cause
even greater colomic stasis It 1s wise also to take a further film after
evacuation and if there 1s much bartum residue to give colonic lavage
until the residue 1s cleared
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(2) Operative Fxamimation of the Biliry Iract or Cholangiography

Thus procedure can be carnied out erther m the aperating theatre
during cholecystectomy after mnsertion of 1 cnnulr or some dvys
later 1n the X tay department when drunage has been carnied out and
a T tube left in

Injection of the contrast medium s mide through the cannul
or T tube and thus a demonstration of the common duct and hepatie
ducts obtamned (scc Fig 47} The medwm flows mto the duodenum

~ —— Y

Fiu 47 Operative cholango;
gram  The common hepatic duct and
diated and thete is a sall round non opaque. e drrar o

duct are slightly
e ¢ caleutus ar the distal end of the common

and occasionally retrograde fi
(see Fig 48) The main use o
1 the common duct

ling of the pancreatic duct may occur
f this procedure 1s to demonstrate stones
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bro wdly truc must 1lw 1ys b referred bick to the pitient under exammna
tion nd interpreted in the light of All the elinical data espeeilly bearing
m mund that pancreatic disease often interferes with gall bladder func
tion nd with demonstration of the bihary tree
(1) The demonstration of gall stones 1s an dication of gall bladder

disease  Non opaque cholesterol stones however c1n occur m a gall
bladder showing no signs of inflammation but of course may give rise
to biliry colic

(1) A well functioming gll bladder 1s an indication of normality and
excludes the likehhood of chronic cholecystitis  Nevertheless just
occastonally probably in not more than 1 per cent of cases of chronic
cholecystitts the gall bladder will continue to concentrate the contrast
medium well

(1) Non function by the gall bladder indicates gall bladder pathology
and 15 uslly evidence of chronic cholecystitis

(1v) Imparred concentration by the gali bladder indicates gall bladder
pathology usually chronic cholecystitis  Grossly impaired concentra
tion 1s not difficult to recogmize but lesser degrees of imparment may be
difficult to deade  Most radwlogists take an arbitary base lme 2
g1l bladder shadow as dense as or denser than the shadow of the
patent s lower ribs s regarded as evidence of normal function 2
shadow less densc than the lower ribs 1s regarded as evidence of
impaured function

Ftlure of the gall bladder to contract after administrition of fat
should not be regarded too sertously as a criterion of impured function
Indvidunls vary very constderably 1n their response  Fulure to contract
n the presence of poor concentration can however probably be re
gnrded as further evidence 1n favour of pathology

The main value of the films taken after admimstration of fat 1s that
the altered gall bladder shape may bring to light gall stones not pre
viously noted and that the cystic ind common ducts are frequently
demonstrated

(b) The Techmgque of Combined Cholecy stangrography This techniq
15 coming into general use 1t conststs of oral cholecystography as
already discussed followed by intravenous mjection of 20 ml of
Bihgrafin Forte about 12 hr after the oral administration when the
first film has already been taken but before admimstration of fat
Further films are taken as required up to 40 min after the mjection to
demonstrate the whole biliary tree  When this has been identified
satisfactorily fat 1s given and the investigation proceeds as for oral
cholecystography

By this method the hepitic cystic and common ducts can be visual
1zed as well as the gall bladder and so a more comprehensive examina
tion of the bihary tract 1s carried out
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tube has
alternatnely deferred to the X riy departmentsf vdrunnge

g;en left 1n )l]f the tnvestigation 15 1o serve any uscful purpose only
films of the highest quality should be regarded 15 acceptable

(3) Post-operative

The persistence or return of symptoms following cholecystectomy 15
one of the problematictl chmeal pictures with which surgecons are

Fic 49

Intravenous cholangiogram of a paticnt with symptoms of
dyspepsia and on whom cholecystectomy has been performed 4 years
earlier  The common bile duct and common hepatic duct are dilated and
contain multiple non opaque gall stones

sometimes faced The occurrence of persistent right hypochondriacal
pamn or of distension or occasionally of jaundice ment further
tnvestigation

Intravenous cholangiography 1s the method of investigation 1n these
cases Twenty to forty mulliltres of Biligrafin Forte are mjected
and films taken at mtervals during the hour following myection By
this method the common hepatic and common bile ducts can usually be
well visualized  the cystic duct stump may also be seen

In normal cases the average width of the hepatic duct and of the
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There 1re two pitfills in cirrying out cholingiogriphy  Air bubbles
not uncommonly get into the cannula or tube and are carned along
with the contrast medium into the common duct  When a film 1s then
exposed these air bubbles are shown as filling defects 1 the contrast
filled common duct and may be misinterpreted as stones  This seems
to occur more frequently with oy medin than with watery media

Fic 48 Operats e cholangiogram showing normal hepati ducts and common bile duct  There
has been ruflux into the pancreatic duct

and for this reason 1t 1s preferable to use diodone or anv water sojuble
medm rather than Neo hydriol  Also 1t 1s wise to inject a reasonable
quantity of the medium say up to 12-15ml 1n order to flush such air
bubbles through mnto the duodenum before making an exposure  And
finally at least two films should be taken a further mnjection having
been made between the two exposures  air bubbles shift or change shape
with a further mjection stones remain constant

The other pit fall arises from trying to do operative cholangtography
in the theatre on bulky pauents with portable X ray apparatus of
msufficient output Films taken under such conditions are rarely of
diagnostic quality and may be misleading  Cholangiography should
only be carried out 1 the operating theatre if the conditions are 1deal,
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Fic 50 Tomogram of common bile duct durmg intravenous cholangiography The duct 15
shown to be grossly dilated and to contain a large non opaque gall stone

(5) The Pancreas
In the adult pancreatic disease may present 1n a vanety of ways It
may simulate biliary tract disease 1t may produce vague recurrent
dyspepsia of anorexia of it may have a more dramatic onset and
presentation as 1 acute pancreatitis  The latter 15 a differential dragnosis
always to be considered 1n the investigation of any acute abdomen
especially when the history and climical signs are obscure  Radtological
methods have their part 1o play in the mvestigation of such problems
and while diagnostic criteria may be few or difficult to interpret yet
when viewed alongside climical exammation and other laboratory
tests may often contnbute valuable information to qn assessment of the
whole problem
10n of the acute abd m which acute pancreatitis 1s a
possnble chnical diagnosts the role of radiology 1s by plan X ray
examination of lhe abdomen (1) to exclude other possible abdominal
pathology especially comp h I ntestinal obstruction (11)
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common duct Iies between 5-15mm A width greater thain [5mm
should be regarded 1s dilatation of the duct The lower end of the
common duct 15 poorly demonstrated 1n normal cases and appears
funnel shaped, th:s ts the narrowest portion of the duct being embed
ded 1n the head of the pancreas and the wall of the duodenum A
dilated duct usually loses its funnel shape and its lower end appears
cigar shaped and 15 often well seen 1n contrast to the poorly seen
normal Jower end In normal cases the right and left hepatic ducts are
usually not well seen but are more readily demonstrated when some
degree of obstructive dilatation of the lower bilary tree 1s present  An
occasional cause of confuston 1s that the contrast medium entering the
duodenum and mixing with duodenal contents often passes retro
gradely to the first part of the duodenum pooling there and casting
a shadow that appears ike 2 re forming  gall bladder

The pathological changes that may be demonstrated i these cases
are

() Common duct stones which may be present in etther an undtlated
or a dilated duct (see Fig 49)

(b) Stones in the cystic duct remnant

(c) Stenosts of the duct system If strictures occur they are usually
at the onignal site of entry of the cystic duct and are probably due to
fibrosts following leakage of snfected bile round the bile duct

(d) Dilatation of the common duct without the presence of stones
Spasm of the sphincter of Odds has been suggested as a cause m these
cases but 1t seems equally possible that the diatamon may have
occurred before cholecystectomy and that any stones that were harbour
ng in the duct and causing obstruction have subsequently been passed

(4) Technieal note—Tomography

Tomography may be of help 1n obtaimng satisfactory demonstrations
of the biliary tract In tomography by movement of the X ray tube
and film 1n opposite directions during the exposure at speeds propor
tional to each other the shadows of unwanted structures can be
ehimmated by blurring them  This leaves a plane in focus  In mmvestiga
tions of the bilary tract bowel shadows may often obscure the area
under examumation or 1t may not be possible to determine whether or
not a particular shadow 1s mnside the gall bladder or bile ducts The
most fruitful field for the apphcation of this techmque 15 1n post
cholecystectomy mvestigation of the common duct to find whether or
not duct stones exist (see Fig 50) In such examnations 1t 1s essential
to be quite certain that stones are or are not present  The techmque has
been further simplified by the introduction of the multi layer tomograph
cassette by means of which any number of layers 1 cm apart up to 1
maximum of 5 (or in some cases 7) can be exammed with a single
exposure to the patient
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There may however be cileihertion n the pancrets m long standing
cases  the calarficition can be massne nd diffuse or punctate [
can spread extensively throughout the pancreas or be confined loh(hc
head or body or tul Barum cvimination in such ¢ises miy show

*

e detin e o

FiG 52 Banum meal examination confirming the diagnosis of carcinoma of the head of the
pancreas  The mucosal pattern of the second and third pasts of the duodenum has bien
almost completely obliterated

radiological signs of steatorrhoea with disordered motor function with
widened or absent mucosal folds tn the upper small bowel 1nd 2
tendency for the barium solution to precipitate and clump

Pancreatic cysts either as a result of trauma or chromic infection may
occur n any part of the gland They vary in size and radiological
signs vary accordingly They produce characteristic round smooth
ndentation of neighbouring viscera without any fixation of the surround
g tissues (see Fig 51) Barium examination will often contribute to
or confirm the dragnosis and anatomical site of this condition

Carcinoma of the pancreas 1s often nsidious in growth and may only
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possibly to contribute towards 1 positive dingnosts by demonstrating
etther or both of the following (a) marked gaseous distension of the
stomach with a normal distnibution of gas throughout the remander
of the gut (b) distension of loops of bowel both small and large and

Fic $1 Bariym meal showing the impression of a large pancreatic cyst on the pyloric antrum
of the stamach and on the thied part of the duodenum

especrally of the transverse colon 1n the upper abdomen with stasis in
the distended loops but without evidence of obstruction Where the
chnscal presentation 1s less acute but acute or sub acute pancreatitis
1s still considered a possible diagnosis on chnical grounds barium
examunation of the upper ahmentary tract may provide useful con
firmatory evidence lleus of the stomach duodenum and upper jejunum
with swelling of the mucosal folds of the duodenum and upper jejunum
may be demonstrated in these cases  or the stomach may be elevated or
displaced by the enlarged pancreas
In cases of chrontc pancreatitis there may be no radrologcal signs



CHAPTIR 6
THE URINARY TRACH

RADIOLOGICAL imvestigation of the urmary tract has now reached 2
high degree of diagnostic accuracy but this 1s dependent on 1 very strict
obsersation of and control of technictl factors  So much useful infor
mation about the unnary tract particularly the upper urinary tract
can be obtained by the routine usc of the available techmques and so
much reliance has come to be placed upon them that it 15 absolutely
essential that only first class films from such iy estigntions be considered
acceptable This can only be the case when there is the closest co opert
tion between surgeon and radiologist 1nd when the ridiologist who
most hospitals carries out the examination s in full possession of the
chinical facts of the problem under investigation It 1s essential that
the whole of an examimnation should be under the control of the radio
logist and not just Jeft to a techmetan for often decisions can be made
duning the course of the examination to vary the techmque and so bring
to light further data which will not only help to establish the diagnosis
but also influence the appronch to treatment

(1) Techniques of Imvestigation

The methods of examination nclude

(a) Excretion Urography ‘The greatest aid in the everyday elucidqtion
of clinical problems 1n this field comes from the use of this technique
The contrast media 1n current use ¢in be ijected mtravenously or after
dilunon with distilled water to a concentration of pproximately 15
per cent (1e an isotomc solution) can be given subcutaneously with
hyalase  Important factors in the successful carrying out of the
examination are the restriction of the patients flud mtake prior to
the examination and the application of compression to the lower
abdomen after the first post injection film has been taken

The person conducting the examination will not hesitate to administer
a second injection 20-30 min after the first 1f 1t 1s apparent from the
first films that concentration of the medum by the kidneys has been

unsatisfactory or that a particular point 1n diagnosis has not been
cleared up satisfactonly
(b) Retrograde Pielography and Ureterography This 1s carried out by
mjection through the ureteric catheter afier 1t has been nserted at
cystoscopy When a patient has been thus submutted to instrumentation
1t 15 essential that the radiographic quality of the films should only be
85



84 RADIOLOGY IN CLINICAL SURGERY

be diagnosed it Iparotomy  Radiologic il dragnosis can only be made
if there 1s deformity of the surrounding structures The commonest
site for carcinoma 1s 1n the head of the pancreas and often there will
be displacement of the barium filled duodenal loop widemng of the
loop or even infiltration of the duodenum with fixation and disappear
ance of the mucosal folds on its inner aspect (see Fig 52) Stmilar
mvolvement of the stomach may also be noted Routine barium
examination of pattents who have exhibsted jaundice for an unduly
long time will sometimes provide a positive diagnosss in this field and
as the surgery of the condition has made great strides tn recent years
any diagnostic aid which will establish earlier diagnosis must be direc
ted to this end Radiological help in the diagnosis of tumours of the
body and tail of the pancreas 1s less certain but 1f attention 1s paid to
the anatomical site or displacement of normal viscera signs may
sometimes be obtamed which add additional weight to chmcal
suspicions
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(d) Renal Puncture This techmque s dusenibed ain detul i the
section on Renal Tumours

(¢) Retro peruoncal Preumography  This consists of introducing 1
gas—air oxygen or cwbon diovide—mto the rutro peritonerl space
1t can be introduced cither by the pre sicrd route or by mjection over
the iline erests

If the pre s1cral approach 1s used 4 preliminary film with the patient
1n the lateral posttion will show the thickness of the post recttl fiscial
plane  Under local an1esthesin and strict aseptic procedure 1 wide
bore needle 1s then introduced lnterl to the coceyx or laternl to the
sacro-coccygenl junction 1nto this space A syninge is ttached to the
needle and withdrawn to make certun that the tip of the needle s not
mna blood vessel and the gas then introduced 1t can be injected using 1
syringe with 1 two w1y attachment  or 1t ean be run 1 under hydro-
static pressure though this method 1s usunlly not satisfictory as it tihes
too long or it can be run m by regulted flow from 1 gas cylinder
Whatever method 1s preferred 1 sterile filter 1s used and for n adult
patient 1000 m! 1s required  The use of crrbon dioxide climinntes the
danger of gas embolism but its disadvantage 1s #ts rapid absorption
and many radiologists prefir to use ur or oxygen  When the injection
has been completed the patient 1s made to sit or walk 1bout for 20-30
min to allow the gas to ascend along the retro pentonenl space to the
pert renal planes

If the injection 15 made over the thc crests the site of njection 15
11n above thac crest 41n to either side of the mid line thus requiring
two mmjections A sharp needle can be felt prercing three separate tissue
planes the subcutancous fat the muscle ind the fiscial sheath  There
1s httle or no danger of puncturing bowel ns the Intter usunlly recedes
from the needle pomnt  Four hundred nullilitres of gas are injected
over each thac crest by this route the procedure 1s punless and
if patn 1s experienced by the patient this 1s indication that the needle
has not been introduced far cnough and that gas 1s bemng foreed into
muscle planes By this appronch the gas reaches the renal areas sooner

By thns techmgue the hdneys tm be outhned by contrast ngamst the
£as 1n the pert renal tissues  Space occupying lesions causing enlrge
ment of the whole hidney or localized enlrgment of part of the Kidney
can thus be demonstrated  The supra renal glinds can be shown and 1t
15 the one satisfactory radiologicnl method of demonstrating supra
renal tumours

() Tomography  The procedure of tomography 1s very useful 1n
renal mvestigations By this techmique 1n which the % ray tube and
film are made to move 1n directions opposite and at speeds proportional
to one another unwanted shidows 1re blurred lewing 1n focus onl
the shadows of structures televant to the examnation  The sh'\do“);
of overlying bowel often confusing tn kldney Investigations can be
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the very finest This cin rirely be obtamed m the opirating theatre
with mobile X ray 1pparatus  High output apparatus with the use of a
Potter Bucky diaphragm to mmprove definttion are essential It 15
preferable too for the patient to be conscious and able to co operate
by holding hus breath  When a satisfactory demonstration of the renal
calyces and pelvts has been obtamed 1t 1s important to withdraw the
catheter by a length that can be estimated from the preltminary film
and then make a further injection and take further films to demonstrate
the ureter No such examination can be considered complete untd
there 15 a satisfactory ureterogram as well as pyelogram

(¢) Renal Arteriograpln This can be carnied out erther by direct
puncture of the aorta above the level of the renal arterses or by per
cutaneous puncture of 1 femoral artery and retrograde catheterization
with a polythene catheter The latter method 1s probably both easter
and better 1t requires a puncture needle of wide internal dinmeter and
1 polythene catheter with a curved tip through which a metal feader
can be threaded The leader 1s of the same length as the catheter and
cn be observed under screen examnation  Under local anaesthesin
and by percutaneous puncture as for femoral artertography the catheter
and leader are introduced through the puncture needle mto the femoral
artery and then retrogradely mnto the aorta under screen control  When
1t 15 constdered that the tip 1s at the level of the renal artery the leader
1s withdeawn slightly and the catheter rotated until 1t enters the renal
artery  the fact that 1t has done so can be confirmed by re introducing
the leader to 1ts full length By this method selective renal arterio
graphy of one or other hidney can be carried out by withdrawing the
leader and mjecting rapidly only 7-10 mls of contrast medium through
the catheter Alternatively 1f it 1s preferred to demonstrate both
kidneys the catheter can be passed beyond the level of the renal
artenies and 30 ml of contrast medium injected  some of the contrast
medium will be lost to the coeliac axis and some down the mamn trunk
of the aorta but by this method 1t 15 possible to demonstrate both
kidneys stmultaneously and thus to compare them Furthermore by
this method aberrant renal arteries will be demonstrated which may be
mussed by the selective approach

1t the mstruments for this method are not available aortography can
be simply carrted out by the translumbar approach to drect aortic
puncture and 30ml of contrast medium mjected rapidly This 15
described more fully on p 138

For either method 1t 15 essential to have some form of rapid film
changer so that films can be taken n quick successton—up to 6or8
films 1 a mmmmum of 6 or 8 sec accordingly By this techmque 1t 13
possible to show anomalies of vascular supply to the kidney infarcts
and renal tumours and to mvestigate fully cases of tuberculosis and

haematurta
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perspex test - At its other end 15 U rubber nozzlc anto the distal half
of which an mch of ntrrow rubber tubing 1s threaded  This Intter 1s
passed through the external meatus mnto the distal end of the urcthra
and the nozzle fits into the meatus to make 1 water tight jomt A
syringe can then be fitted to the other end of the steel tube

The bladder 1s first filled with about 150 ml of contrast medium,
any of the standard contrast medin thluted to 1bout 15 per cent may be
used This will produce 1 shidow of adequate density without oblitera
ting other useful lindmarks or abnormalities  The syeinge 1s then filled
with contrast medium of 1bout 50 per cent strength and 1 further 4 or

Fiu 54 Cystourethrogram showin,

st ture a small urethral dsverticulum proximal to the stricture elo;

ue to prostatic enlargement and a blag

B a striture of the urethra with a false passage around the

ngation of the supra

<oll cular part of the urethra d dder diverticulum

7
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satisfactorily blurred  1t1s 1 time consuming tnd extravagant procedure
and should never be regarded s 1 routine techmque  Conventional
methods are very satisfactory 1n most cases but tomography can be
used as a supplement to some 1nvestigations by excretion urography and
should alnays be used 1n compunction with retro peritoneal pneumo
graphy In this Jatter procedure 1t 15 essential to be able to dissociate
the shadows of bowel gas from njected gas It 1s also a useful pro
cedure as a routine when mvestigating infants or young children by
excretion urography  Air swallowed during crymg following an injec
tion will quickly pass into the small bowel distending 1t and badly
obscuring the kidneys Tomography will elimmate these

(g) Cysto uretlzrogrnpln This techmque which combines examina
tion of the bladder with examimation of the urethra can be carned out
out on males or females

Fic 53 The used for cysto The 1nset shows the mstrument attached
for urethral filling during radiographic exposures Normally a long rubber connection 15
used to enable adequate protective measures agamst X rad ation to be taken

(a) In males some form of special mstrument 1s required through
which mjections can be made and by means of which a water tight
nozzle at the external meatus can be made A stmple strument which
can be made in most hosprtal workshops 1s illustrated mn Fig 53 It
consists of a curved perspex rest on whrch the penis lies held mn posttion
by a broad rubber band fastened round it~ A long hollow stainless steel
tube with a tap at its proximal end 1s held by a clamp fixed to the
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taste 1n the mouth sncczing nauser or vomiling (6) 1 penipheral
creulatory collapse with 2 fall in blood pressure pulsclessness, 1 sensi-
tion of coldness sweating or funting Death may occur from pen
pheral circulatory fulure, (¢)an allergic of aniphylictic effect with
the appearance of weals urticaria pert orbital or pers oral swelling or
even oedema glottidis, or (d) a convulsive reaction apparently due to
generalized irntation of the central nervous system which may result
i death from irreversible coma  This last type 1s extremely rare, ind
indeed all the severe reactions are rire

Todony 1 (trade names  Urosclectan Pyelectan etc) 1s not now widely
used for mtravenous exammatrons Its effects were mainly local—
\enous spasm and thrombosis  If pert venous mjection 1s madvertently
made with this medium an unpleasant tissue reaction with local
inflammation possibly even causing a slough may occur It contatns
two 10dine atoms 1n its molecule Drodone {trade names Pyelosil,
Uriodone Diodrast etc ) rarely produces local effects and per1 venous
injection has no untoward results 1t can n fact be used m 12-15
per cent solution with hyalase for sub cutaneous mjection This
medium occastonally produces either an anaphylactic or hypotensive
result commonly 1n their mildest forms but sometimes to an alarming
degree It contains two 10dine atoms in its molecule Sodum Acet
ri_oate (trade names Urokon Diaginol) Comparable 1n 1ts results
wath diodone this medium also produces similar effects
three 10dine atoms 1n 1ts molecule

Hypaque 15 the trade name of Soduun Diatrizoate prepared usually in
45 per cent strength The unpleasant sequelae from this medium are
far fewer than any of the medsa so far mentioned but anaphylactic and
hypo tensive reactions have been reported 1n the U S leading 1n a few
cases to death It contans three 1odine atoms 1n its molecule

Urografin 1s the trade name of a substance differing from Hypaque
only shghtly 1n one chemical side claim which 1s claimed to lessen its
toxicity It 15 prepared 1n 60 per cent and 76 per cent strengths It
contains three 10dine atoms 1n its molecule

In the hands of the author 45 per cent Hypaque and 60 per cent uro
grafin are the media of choice, both producing adequate density and
both having low toxicity  Hypaque 1s the easter to inject beng slhightly
less viscous It must be recogmized however that there have been
fatalities following the use of most media and so precautions must be
taken to combat any possible reactions  These should be as follows

(1) All Iikely wnstruments materials and drugs should be available
at all imes 1 the urography room e g syringes needles laryngoscope
endo tracheal tubes oxygen cylinder with mask 1 1000 adrenaline
:‘[1) l}:ledr bcent calerum gluconate  thropentone phenylephrine  There

0 e a known dnll to follow 1n the event of emergenc

(1) Any patient with an allergic  history (e g hay fever asthma

It contans
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Smi are injected  During this injection an oblique fitm of the bladder
and urethra 1s taken  This 1s processed and viewed and any other films
necessary to elucidate any doubts are then taken When these have
been viewed an oblique film 15 taken with the patient micturating  If
posstble mictuntion 1s carried out against the pressure of the mstrument
still in place as this opens out the postertor urethra well If this cannot
be achieved the oblique film 1s simply taken with the patient micturating
normally into a contamer A final antero posterior film 1s always taken
after micturition to show any residue 1n the bladder

This techmque can be used to demonstrate bladder diverticula their
size extent number and any residual urine 1n them micturition abnor
malties of the bladder the bladder after operation middle lobe
enlargement of the prostate chrome prosiatic abscesses urethral
strictures their site and length and other urethral anomalies (see
Fig 54)

(b) In the female no injection films to show the urethra are
taken The patient 1s catheterized and the contrast medium njected
through the catheter If the problem under exammation s mn the
bladder a 15 per cent strength of one of the organic contrast media
1s satisfactory  I€ however st 1s necessary to show the urethra Jateral
films will be necessary during micturition and dense contrast medim
about 50 per cent strength 15 required  Films are taken as required  If
1t 15 necessary to show the urethra as 1s necessary before or after some
gynaecological repair operations lateral films are taken—one at rest
one on bearting down and one on mucturition  These are best taken with
the patient erect but sf micturition 1s to take place satisfactonly n this
position 1t 1s wise 1o devise a rubber bag attachment for the patient to
wear

(2) Contrast Media

Many of the contrast media that have been used for mtravenous
njection 1 excretion urography (or for intra vascular mjection mn all
vascular radiography) have unpleasant and undesirable side effects
From this pomnt of view the perfect contrast medium has not yet been
produced

The radiologrsts requirements are that the medium should produce
a shadow of adequate density be easy to inject and produce no un
pleasant sequelac There are many available that produce shadows of
good density Most are easy 1o inject though some of the higher con
centrations compare unfavourably with others owing to therr mcreased
wiscosity Almost all produce some unpleasant side effects though in
some of the newer products these have been reduced

These side effects may be local or general The local effects may be
pam at the site of the injection venous spasm or venous thrombosis
The generahzed effects may be (a) nuld toxic effects such as warmth a
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out patsent radiological examinition muy mike it cxpedient for cysto
scopy to be carried out on the patient 1s 1 in patient rather than as an
out patient and so chmnate uncxpected difficulties

When excretion urography and laboratory tests have been completed
consultation between the surgeon and radiologist should take place
For more than a decade the author has sat down once a week with his
colleagues the genito urmary surgeons to go through the chmical notes
review the laboratory findings and present the radiological findings of
all therr current cases under investigation  Each has learned the prob
lems difficulties and point of view of the other and all including the
patients have profited At this consultation any further steps employ
ing radiological aid can be planned No such steps may be required
for the surgical course may now be plain It may however be decided
that following cystoscopy retrograde pyelography of ome or both
kidneys 1s required to clear up some point  The radiologist being aware
of the prablem as a result of thus consultation will durect his attention
at subsequent pyelography to obtatning a clear diagnostic solution to
the problem  Alternatively 1t may be decided that the next step sull
lies with the radiologist to carry out cystography or cysto urethro
graphy or renal puncture to confirm or establish a diagnosis

Occasionally when all clinical radiological laboratory and cysto
scopic investigations have been carried out no clear picture has emerged
It may be that repeated intermuttent haematunas have occurred and
yet no definite pathology has been found Or 1t may be that at cysto
scopy the blood has been seen to be coming from one ureter and yet
excretion urography and retrograde pyelography have revealed no
abnormality 1n the kidney on that side  Such a state of affairs especially
if 1t 15 1n 2 middle aged or young adult 1s an indication for renal arterio
graphy possibly by aortography so as to demonstrate both kidneys at
the one lon This may reveal a small lesion such
as a tumour previously unsuspected requiring active surgrcal mter

vention
(4) Unnary Caleuh

Uninary caleuli usually contam calcium in some form and so cast a
shadow on a radiograph Their site and effect on renal function can
be determined by excretion urography By this method therefore 1t
can be shown whether they are single or multiple unilateral or bilaterat
calyceal pelvic ureteric or vesical It can also be shown whether there
1s 2 chronic pyelonephritis or hydronephrosis associated with the cal
culus whether there 1s impairment or loss of renal function  The whole
unnary tract can thus be assessed and the course of treatment to be
adopted can be decided  Afier ether their removal by surgical methods
or their passage by the normal route the improvement of renal function
and form can be observed and recorded and by subsequent follow up
1t can be seen whether or not a calculus 1s re forming
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eczema allergy to penicilling should be given 1 wnti listamine during
the 24 hr before the examination 16 mgm of Piriton taken 1n 4 mgm
doses over this period have been found satisfactory

(u1) In the event of any reaction release abdominal compresston and
admrmster 100 per cent oxygen with an arrway if the patient 1s uncon
scrous

(1v) If the reaction 1s severe and  anaphylactic 1 type give 05 ml
1 1000 adrenaline subcutaneously followed by 20 m! of 10 per cent
calcium gluconate mtravenously

(v) If the reaction 15 severe and hypotensive 1n type give 1 mgm
phenylephrine by intravenous injection or 5 mgm intramuscularly if
no vein 1s accesstble

(v1) If the reaction 1s convulsive 1n type give 150 mgm  thiopentone
intravenously and repeat if the convulsions have not ceased 1n 5 min

(3) Haematuria

Radtology plays an essential part i the mvestigation of any case of
haematuria The important feature 1s to regard this merely as a part
of the complete investigation of the patient It 1s nesther the complete
answer mn any case nor can it be ignored

A story of haematuna must obviously be related to the history of the
patient the age and sex the chimical findings and the results of the
laboratory tests Haematuna as a sign has certain defimite features 1t
may be solitary 1ntermittent or persistent 1t may be shght or total 1t
may affect all micturition or only be terminal 1t may be painless or be
associated with dysuria or frequency Al these features are significant
ponts in the history taking and can be sigmificant points i directing
the radiologst s attention towards relevant aspects of the urinary tract
n conducting his examination  Part of the routine investigation of al/
cases of haematuna 1s excretion urography irrespective of the age or
sex of the patient This examination can provide information about
the upper urinary tract that cannot be obtained by any other procedure
—the size shape and position of the kidneys and therr function 1
addition 1t may provide a defimte diagnosis with regard to renal
pathology the presence of a tumour a chronic pyelonephnitis a gross
tuberculous leston a lesion 1n the renal pelvis or evidence of imparred
function or non function of a kidney In additton 1t may provide
useful information about the lower urmary tract—ureteric stasts
bladder hypertrophy or dilatation a large bladder tumour bladder
diverticula or calculus middle lobe enlargment of the prostate n
creased residual urine etc  Cystoscopic examination of the patient
will inevitably be carried out subsequently which will enable diagnosis
of these latter conditions to be made more surely Nevertheless 1t
can be useful to be forewarned of such conditions and to have attention
directed to particular features and further information gleaned at
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1t 1s carned out immeditely after the ik no information s likely
10 be obtuned that will influence the course of trevtment and 1f no
demonstration 1s obtrned of the function of the hidney on the 1fected
side 1t will be necessary to repeat the examunation Iater Whereas 1ff
the enamnation s delayed for 1 few days it 1s probable that the crlculus
or whatever 1s causing the colic will have been passed and renal function
will have had tme to recover, thus rendering possible 1 true record
of the state of affurs

(5) Chromie Pyelonephritis

Recurrent urinary mfection 1s sometimes the result of an unsuspected
chromic pyelonephritis  Also hypertension m1y be the result of bilateral

{a)

thy

Fic 56 (a) Rulateral
urography () Excretion u
phnus of the right kidney
of 1ts minor calyces and du
calyces

melonephtis demonstrated by excretion

rogram showing chronic pyelone
which 1s contracted has dilatation
stortion and narrowing of its major
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Similarly the passage of a calculus down the ureter can be observed
and the development of any obstructive changes noted

e

Fito S5 Lxcretion urography eight days afler an attack of nght-sided ureteric coic  The left
kidney 15 normal  The right kidney shows as a nephrogram of white kidncy  There wasa
small calculus at the lower end of the right ureter which was subsequcntly passed A follow
up pyelogram showed that the kidney had returned to normal

The calculy most casily missed are uretenic calcul especially small
calcul: in the Jower part or ntra mural part of the ureter A useful
radiological sign when 1t occurs s the appearance of a nephrogram
on the affected side the so-called white kidney  while the other side
remains functioning normally (see Fig 55) This implies acute ureteric
obstruction usually due to impaction of a calculus 1n the ureter and 1s
caused by the damming back of the contrast medium n the renal
capillaries  When therefore a umlateral nephrogram 1s seen during
excretion urography search must be made for the ureteric caleulus
until 1t 1s discovered

Often acute renal colic may be caused by munute calcul or crystals
or by passage of small clots—none of which will be demonstrated on the
radiograph  Furthermore severe renal colic often impairs renal
function considerably or even suppresses it Excretion urography
therefore serves little purpose in the pertod immediately after an attack
In doubtful cases plain X ray exammation of the unnary tract may
sometimes be helpful in demonstrating a ureteric calculus and thus
confirming the cause of the colic as bemng in the unnary tract Butitis
wiser to delay excretton urography until 5-7 days after the attack 1f
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FIG 57 (a) Excretion urogram showing right hydronephrosis (8) Prone film taken tmmediately
after (7) showing the grossly dilated renal pelvis and the upper urcter of normal calibre
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or unilateral renal disease and in the latter case treatment by nephrec
tomy 1s sometimes successful  The investigation of hypertension 1n the
Yyounger age group nowadays invariably includes investigation of the
urinary tract by excretion urography The radiological appearances of
chronic pyelonephritis therefore are of some mmportance and are not
sufficiently well recognized (see Fig 56)

They are as follows

(a) Asymmetrical concentration by the kidneys on the film taken
Smun after intravenous injection of the contrast medium, the patho
logical kidney may show shightly impaired concentration at this stage
This film should be taken before compression 15 apphied to the abdomen

(b) The demonstration of a contracted kidney In most individuals
the two kidneys are practically identical mn size  In chronic pyelone
phnibs the affected kidney 1s often contracted

(c) Dimimished renal parenchyma In good urographs the distance
from the outer border of the kidney to an arc drawn through the tips
of the mmor calyces can be measured this distance represents renal
parenchyma and 1s usually equal in the two kidneys In chronic
pyelonephritis this distance may be diminished

(d) Loss of the normal cup shape of the mmor calyces which
become rounded and blunt

(e) Elongation and narrowing of the minor and major calyces This
distortion of the normal calyceal pattern 1s quite characteristic of
chronic pyelonephnitis and 15 due to fibrosis with scarring within the
renal substance

(f) The presence of calculi Often some small calculi are present
in the mmor calyces of the affected kidney

All the changes described are not present 1n all cases of chronic
pyelonephntis  Similarly no single one of the appearances described
1s diagnostic of the condition but the presence of two or more 1s highly
suggestive of it

(6) Hydronephrosis

As seen radiologically renal calyces are normally cup shaped
Occastonally one or more calyces may appear en face 1nstead of n
profile and so seem to have a round contour—recogmtion of these
rarely presents any difficulty The renal pelvis ts usually horn shaped
or trumpet shaped and 1ts under surface arched upwards Anatomical
vanations however are numerous and some renal pelves may appear
almost rectangular and 1 mobie kidneys the under surface of the
pelvis may have a downwards curve without this being of pathological
significance Where the ureter crosses the psoas 1t often alters 1its
direction and this may be shown on the radiograph as an apparent
kink or narrowing without 1t bemg erther real or of pathological

significance
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sufficsent pool of contrist medim lies i the dilted cilyces Thes has
the effect of nllowing the contrast medium fo flow forward into the
renal pelvis and upper ureter 1nd so providing 1n adequate mnatomicl
demonstration (sce Tig 57 nd Fig 58)

(7) Tuberculosis of the Uninary Tract

This condition 1s alwys due to 4 tuberculous bacterienua and the
first unnary organ to be affected 15 the lidney  the condition 1s almost
wnvanably bilateral though it may only progress to chintcal proportions
1n one hidney  The site ivolved m the first instance 1s the glomerulus
that s 1o say the pnmAry lesion in the kidney 1s 1n the cortex  Histolog:
cally the tubercle ansing near the arteriole in close associaion with the
glomerulus 1s the same as a tubercle 1 any other tissue in the body
Tubercle bacilli from this tubercle may spread from the glomerulus
and reach the pyramid setting up the same process here  From either
of these foci tubercle bacilli may be excreted 1n the urine  As 1n any
site the tubercle may develop 1n various ways depending on the resistance
of the host It may heal by fibrosis or cavitate coalescing with adjacent
Iesions to create large ulcerative lesions  From the kidneys the ureters
and bladder usually become affected  Radiological appearances depend
on the site and extent of the discase and may even be absent in relatively
advanced disease It has already been stated that radiological appear
ances are merely graphic representation of gross macroscopic pathology
and nowhere does that apply more than in this condition It 1s impor
tant therefore to have 2 quite clear conception of the role and scope of
radiology 1n this disease Radiologreally 1t 1s possible to demonstrate
either by the excretion or retrograde methods the renal calyces and
pelvis the ureters and the bladder The renal outhnes are 1n most cases
shown as a defimite but barely perceptible line of contrast due to the
pennephric fat  The space between the renal outhne and the calyces
15 renal parenchyma but 1t 1s not possible to see detail in renal paren
chyma by either either of these methods Thus tuberculosis of the
kidney can only be demonstrated by conventional methods when 1t has
reached the calyx or passed beyond It 1s possible to demonstrate a
cavity connecting with a calyx (see Fig 59) A lesion of some long
standing around which fibrosts has occurred may show merely as the

nipping off  of a calyx there may or may not be calcification 1n
association with this Simifar mipping off of a calyx not necessarily
due 1o fibrosis may be produced by a granulomatous mass of tuber-
culosis tissue a tuberculoma  Fibrosts or granulomatous masses may
produce obstructive effects not amounting to complete obliteration
and so a single calyx may become dilated or a whole renal pelvis with
all 1ts calyces may become dilated

The distal end of the ureter often becomes affect,

ed probabl
by tuberculous infected urine reaching 1t P y usually

The ureter then becomes
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(1) Uninary tubcrculosis will occsionally be revetled when it hns
not been suspected climenlly

(1) In suspected cases urogriphy may apper normal The surgeon
maust not be musled by such findings nd c1ses presenting with symp
toms 1 sterile pyuria_and normnl urography require further nvestiga
ton such as bacteriologicrl examiniuion segregation of unne from the
ureters etc

() In certun suspected cases definite radiological signs may be
found These give some gross tden of the macroscopic extent of the
disease

() Semal X riy examimation of cases undergommg conservative
treatment may provide some indieation of the progress of the
disease

(v) Senal X ray examination of cases undergoing conservative
treatment may provide carly indication of untoward side effects of the
treatment such as local obstruction

(v1) Uninary tuberculosis 15 commonly associated with tuberculosis
of another system usually erther pulmonary or bone tuberculosis and
radiological methods will often reveal the site extent and course of such
a complication

(8) Renal Tumours

Some renal tumours reach considerable size before producing any
symploms or signs  others causing a bnisk haematunia may subsequently
be found to be no bigger than a walnut

On the plan film the appearances which give rise to the suspicion
of a renal tumour are deformity enlargement or displacement of the
renal outhne or occasionally speckled ntra renal calaffication On
excretion urography the principal radiographic features are obliteration
of calyces elongation with esther compression or dilatation of calyces
displacement of calyces obliteration or dilatation of the renal pelvis
displacement of the pelvis and upper third of the ureter or non filling
of the calyces and pelvis

The differential diagnosts of a space occupying leston 1n the kidney
1s often not posstble from excretion urographs and any attempt on the
part of the radiologist to give emphass either to a diagnosts of solitary
cyst or renal carcinoma may be nusleading and not n the best interests
of the patient Nevertheless cases amse when the surgeon would
prefer not to embark on an exploratory operation if the space occupy
ing lesion 1s a solitary cyst for example in the routine pre operative
examination of a case of prostatism excretion urography may bring
to light a silent renal tumour  the surgeon may be unwilling to
submit an elderly patient to further surgery if the diagnosis 1s not
established as being renal carcinoma

Renal arteriography with senal films of the kidney taken during the
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obstructed or partially obstructed and nising imvolvement of the ureter
occurs  The ureter becomes thickened and dilated fibrotic and shor
tened showing radiologically as a typical short straight dilated struc
ture Indue course the bladder becomes affected 1t becomes thickened
round and contracted All these features may be shown radiologically

7

Fic 59 Excretion uro.ram io a case of sterile pyruria The uppermost of the middle group of
calyces in the left kidney has boen replaced by a tuberculous cavity connecting with it

The modern treatment of tuberculosis of the urinary tract whether
by anti tuberculous drugs or surgery or a combination of both has
probably not yet scttled into 1ts final form Nevertheless conservative
treatment has undoubtedly a definite place The man danger of con
servative treatment 1s the development of fibrosis and so of obstructive
effects Such effects can nuilfy the whole aim and end result of the
treatment Seral X ray examination at about tntervals of three or
four months during treatment can bring to light the development of
obstructive effects and so allow surgical interference

The role of radiology 1n this disease may be summarized as follows
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() A neudles itroduced from the bick <o 1s to enter the ksdnev
1n the regton of the suspected leston and 1s nmed under screen control
towards the tumour

() If the needle enters 1 cyst strw coloured flwid 15 aspirited
whereas m the case of 1 neoplsm blood 1s aspirited

() Two or 3ml of contrast medum are then myected into the
lesion In the case of 1 cyst the ety 15 outhned and sts size can be
compared with the onginal urogriph In the cise of 1 ncoplasm the

FiG 61 (a) Renal puncture 1n a case of carcinoma of the
%idney showing the injected contrast medium traching
irregularly n the tumour  Excreted contrast medium
from the preliminary intravenous injection can be seen
10 the renal gl 15 (b) Renal puncture In a case of renal
cyst showing the smooth round shap. of the cyst wall

contrast medium 1s sh
) own to track irregularly within the tissue (see
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arterial capillary and venous phases will usually establish the diagnosis
By this method tumours such as adeno carcinoma show a mottled

pooling of the contrast medium within the substance of the space
occupying lesion which persists mto the capillary and venous phases
(see Fig 60) A space occupying lesion which however 1s due to a renal

Fi. 60 Aortogram done by direct aortic puncture 1n a case of nght renal mass shown at excre
tion urography The left renal artery and 1ts branches are shown to be normal  The right
renal artery 15 normal_but the branches to the mid part and fower pole of the kidney have
been replaced by a pleiform mass of vessels confirming a diagnosts of carcinoma of the
sadney

cyst 1s avascular and shows as a defect 1n the captllary or nephrogram

phase  To carry out this procedure a simpler techmique requinng no

special apparatus for differentiating between growth and renal cyst 1

such cases 1s the procedure of renal puncture which can be carried out

as follows

(1) An ntravenous injection of 20 ml of contrast medium 1s made m
order to produce a pyelogram

(1) A metal marker graduated 1n centumetres 1s put on the patient s
skin and lateral and postero anterior films are taken From these the
exact site and depth of the Xidney and 1ts space occupying lesion can
be estimated accurately
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Similarly growth duverticulum or stonc in the bladder the classicnl
complications of an enlarged prostite miy be demonstrted ridio
logically 1nd often require treatment s 1 staged procedure before the
prBsmc It 15 true that all these things are visible with the cystoscope
but 1t 15 not desirable to perform cystoscopy 1 the presence of 1 very

Fiu 6

hypertrophy of the wall as a ning shadow outsid the filled cavity of the
bladder

Cystogram 0mmn after injction 1n excretion urography showing

enlarged prostate before the actual time of operation for fear of 1n
ducing acute retention and 1t 1s not possible to assess the size of a
dieerticulum with the cystoscope  The bladder demonstration dur
g excretion urography will 1lmost always demonstrate stone or
dnericulum and will often demonstrate the presence of a large
growth

(e) Bladder Function The presence of residual urine after mictunition
can be demonstrated by this method and 1 fair assessment of its amount
can be made This chminates the need for instrumentation

(f) Prostate Anatomy  Rectal examination reveals lateral lobe
enlargement 1f middle lobe enlargement exists the information derived
from rectal examination can be supplemented by the demonstration of
1ts mid fme intravesical projection as a filling defect 1n the cystogram
(see Fig 63) Sinularly the presence of prostatic calculi can be shown

&
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This technique obviously has 1 limited ppheition and it 1s likely
that 1n many cases surgcons will prefer to undertake exploration
Nevertheless occasions will anise when the procedure can usefully be
employed and 1t has come to take its place n the full array of radio
logical nvestigations

(9) Prostatic Hypertrophy

In all patients complaming of symptoms due to an enlarged prostate
with the exception of thosc i whom a severe degree of renal failure
makes the examination useless excretion urography forms part of the
routine mvestigation n them In g such patients
chinrcal examination reveals only the gross abnormality whereas 1t 1s
necessary to be able to detect early and less obvious changes The
information which can be provided by this radiological method 1s 2
refinement of the ordinary methods of chnical exammation of the
urinary tract and may be considered as follows

(a) Renal Anatonnn Before dealing surgically with the lower urinary
tract the surgeon requires to know that he 1s dealing with 1 normal
upper urinary tract He wants to know that both kidneys are present
that they are not hydronephrotic and that they do not harbour an
alternative cause for haematuria such as a stone or growth 1n a man
with prostatic enlargement

(b) Renal Function Tt 1s important to know that both kidneys are
excreting and concentrating well  Although laboratory tests may show
the blood urea levi] to be raised they give no indication of its cause
which may be due to chronic pyelonephritis or to hydronephrosis from
back pressure If the blood urea level 1s above 120 mg per cent 1t 15
unlikely that concentration of diodone will occur but up to that level
often vseful nformation regarding the kidneys can be obtamed It 1s
useful to know whether a hydronephrosis exists which may be expected
to mmprove after adequate drainage or a pyelonephnitis 1ndicating
renal failure without obstructive dilatation which will not recover
under any circumstances  Excretion urography too gives a good
wvisual record of improvement following drainage

(c) Uretersic Function  Stasts n the lower end of the ureters or
persistent filling of the whole length of both ureters in the presence of
good excretton usually occurs with a significant amount of residual
urme m the bladder and 1s a warning that the beginmings of renal
failure are imminent

(d}) Bladder Anatomy A thick walled bladder results from long
continued obstruction and occurs often with gross trabeculation and
saccule formation (see Fig 62) Its demonstration elminates the
possibility of an atonic or paralytic bladder and warns of the possibility
of infective complications following operation due to stagnant blood
and urine 1n deep saccules
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and the hknowledge of their presence may be of help in deciding whether
or not a hard area in the prostate 1s malgnant

Finally 1n carcinomn of the prostate the demonstration of osteo
blastic skeletal metastases may estabhsh the dingnosis when the serum
acid phosphatase estimation 15 unhelpful and the course of such meta
stases can be obscrved graphically under treatment (see Fig 64)



Fic 63 Cy 1o ram 0mm after inyection n excretion urography showing 3
sacculated Bladder and a large mtra vesscal projtion of the middle lobe of the
prostate

Fic 64 Osteoblastc metastases from warcinoma of the prostate affecting the nght s de of the
his
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process then the diagnosis lies clsewhere and 1t would be wise to under
take bone biopsy

(b) Ostettis of a Phalany  In the presence of an acute or chronic
paronychia or cellulitis of 1 finger the question may anse whether or
not there 1s bone nfection or necrosis  When the bone s infected 1t
becomes intensely hyperacmic  hyperaemiua of bone always produces
an osteoporosts  So the affected phalanx becomes extremely osteoporo
tic  the bony trabeculae in st may be absorbed and be no longer vistble
the bone rematning apparently merely as a fant shell of cortex  Osteo
porosis of such a degrec 1s not an indication of bone necrosis but merely
of wflammation If treatment 1s successful a phalanx nvolved even
to this extent can undergo repair and complete bony re constitution
can take place  The only radiological indication of necrosis of part of a
phalanx 1s when that part separates and by contrast appears denser
than the parent fragment  this 1s an indication that 1t 3s avascular and
has been sequestrated

The other valuable feature of X ray exanunation of digital ostetis 15
the demonstration of whether or not the adjacent interphalangeal joint
1s mvolved  When the joint becomes affected articular cartilage 15
destroyed and the jornt space becomes narrower than the corresponding

Fig 65 Osteius affecting the proximal and middle

phatanges of the Sth digit with inflammato,
destruction of the intervening jont id



CHAPTER 7
BONE

Wirth the great speciahization that has taken place within the broad
realms of surgery most bone and jomt diseases have tended to become
the prerogatne of the orthopredic surgeon Nevertheless 1n routine
practice 1n general surgery the practising surgeon 1s faced with many
problems 1 which bone pathology 1s an important element The
radrological aspects of several of these are discussed here

(1) Inflammatory Conditions

(@) Osteonnelitis  Acute osteomyelitis 1s usually diagnosed and
treated before radiological signs develop as i1t takes at least 7 days and
sometimes more before bone changes appear  Antibiotic therapy 1s now
so eflective that 1t 15 not uncommon for a case of acute osteomyelitis
to be admutted to hospital treated and discharged without there bemng
any radrologieal evidence whatsoever of bone disease

Sometimes however bizarre ind uncommon pictures present when
antibiotic therapy has been inadequate  Occasionally such cases
present many weecks or months later with a constant mb pam but
no very defimte localizing signs  this type of case 1s usually one that
has not reached hospatal in the first nstance and whose cute infection
was dealt with by domiciliary treatment

Often the radrological appearance in such cases 1s merely of a cortical
thichenmg along part of the shaft of the affected bone This cortical
thickenmg may be only slight or markedly proliferative and it may
even have layered new periosteal bone on 1ts surface Because of the
chmeal presentation the chimcal signs and the unusual radiological
appearance the differential diagnosis 1s difficult  the possibihity of
mahgnant conditions such as reticulo sarcom1 Ewing s tumour and
metastatic neuroblastomn must be considered and obviously early
diagnosis 1s important for treatment differs  There are no radological
signs which per se divorced from the hustory and chnical course re
diagnostic  As a generalization 1t can be said that 1n local osteoperio
stitts of the type being discussed  the cortical thickeming 1s usually dense
medullary changes are rire Inyered periosteal new bone 1s rare and
the condition 1s usually not progressne If there 15 destruction of
medullary bone with formation of new periosteal bone and the cond1
tion 1s shown over a short period of observation to be progressive all
1n the absence of clinical signs consistent with an acute inflammatory
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process then the diagnosts lies elsewhere ind it w ould be wise to under
take bone biopsy

(b) Ostettis of a Phalanx  1n the presence of n acute or chrome
paronychia or celluliis of 4 finger the question mny anse whether or
not there 1s bone infection or necrosts  When the bone 1s infected 1t
becomes intensely hyperacmic  hyperiemin of bone 1lwnys produces
an osteoporosts  So the affected phrlanx becomes extremely osteoporo
tic the bony trabeculae in st may be absorbed nd be no longer visible
the bone remaining apparently merely as a faint shell of cortex  Osteo
porosts of such a degree 1s not an indication of bone necrosis but merely
of inflammation If treatment 1s successful a phalanx mvolved even
to this extent can undergo repair and complete bony re constitution
can take place  The only radiological indication of necrosis of part of a
phalanx 1s when that part separates and by contrast appears denser
than the parent fragment  this 1s wn indication thnt 1t 1s avascular and
has been sequestrated

The other valuable feature of X ray exammation of digital osteitss 15
the demonstration of whether or not the adjacent interphalangeal joint
1s mvolved  When the joint becomes affected articular cartilage 1s
destroyed and the joint space becomes narrower than the corresponding

FIG 65 Ostesaffecting the proumal and middle

phalanges of the 5th d)

it with 1nflammatol
destruction of the ntervenng joint i
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Jomnt of the next finger (see Fig 65) In addition sometimes a break
or defect can actually be seen m the sub-articular bony cortex  hnow
I2dge of the state of the jomt clinches the surgeon s prognosis and ma
nfluence his course of treatment

(c) Bone Changes in Digbetes The bone and jomnt changes that
occur 1n diabetes notably in the feet had Jong been regarded as Char
cot s joints due 1o dabeuc neuropathy It 1s now known however
that these changes are predomnantly inflammatory and not neuropathic
though n gross cases of diabetic neuropathy there mav bz nerologcal
factors comphcating the process This 1s of considerable importance
for of course the inflammaton process can be arrested at any stage
by controlled anubiotic and anti-diabetic treatment thereby allowmng
surgrcal toilet of the condition and the retention of what appears to
bz a hopelesshy damaged foot.

[r] by

FiG 65 (a1 Inflammaton chane~s procucng osteonorosis, bon  destruction and a per-
ost] reaction 2roznd the th rd m12tarso-phalaceeal yomt n a dibeuc with an ulcer
©0n the soke of the foot {6y Tanens of the proumal phatams and destruct on of the
imtermhalan_e2l jo o of the gzt to i a diaer with 2 histor of reneated cftul s of
e foot  Thee was 5o o ezl &r dence of pruromathy

The process 1s as follows An acute or low grade infection begins
near the bone often near the weight beanng metatarso-phalangeal
jomnts  The port of entnh may be a perforating ulcer a septic com or
diabatic cutanzous gangrene  Superficial lesions mav heal well but
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deep sepsis can still persist teacking along the periosteum Rad ologic
ally a locat osteoporosis develops ~ Soon a break occurs 1n the cortex
and an osteitis ensues At this stage there 1s often 1 periostenl reaction
along the i olved metatarsnl (see Fig 66 (a)) this proceeds to progres
sive destruction of the head of the bone then of the medulia of the
adjacent shaft The cortical walls approximite producing a tapering
appearance (sec Fig 66 (b)) The process may be arrested at ny stage
or may progress to very gross destruction  Repeated weight bearing
on the denersated foot does not help repair nor does the poor blood
supply which 1s a frequent accompamment

(d) Osteins Pubis ~ Oceastonally after either retro pubic or supra-
pubic prostatectomy this panful condition arises  The symptoms may
start anything from two weeks to three months after operation It
may cause pain in the perineum or over the 1schial tuberosities pamn
referred down the thighs or esen down the legs or pain on mucturition
or defaecation  Signs are usually few or absent though in some cases
there 1s pain on pressure over the symphysis pubis

Radiologically 1t mamfests itself as a loss of cortex on one or both
sides of the symphysis pubis followed by an osteoporosis of sub-
cortical bone (see Fig 67) This 1s followed by 1 sclerotic reaction 1n

(a)

by

FiG 67 {a) Ostertis pubis affectn,

g both sides of the symphysis Film taken four mos
re|m-; pubs  prostatectomy  {5) Osteitts pubis causing at this stage only loss :‘rh:::;l::
along the 1eft side of the symphysis  Ten weeks after retro pubic prostatectomy

sub-cortical bone and dense re ossification of the area of affected bone
sometimes leading to complete bony fusion across the symphysis
The chimical condition rarely responds to specific therapy and 1t may
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take twelve months to settle  The radiologtenl course of the condition
usually takes 12-18 months before final bony consolidation is established

(€} Bone and Jomnt Tuberculosis The prognosis in cases of bone and
Jomt tuberculosis has altered radically i recent years with the mtroduc
tion of modern therapy It 1s ever more important that diagnosis should
be made early so that treatment can be started at the earliest possible
opportunity  The radiology of chronic bone disease lags far behind
both the chmcal condition and the pathological state  The diagnosis
therefore 15 often a chnical one backed by laboratory tests with radio
logical investigation bemg equivocal The radiological prcture will
usually show the gross macroscopic extent of the destructive process
but will not show the minor detail in early disease

Tuberculoss of a joint 1s sometimes primarily synovial and sometimes
primanly articular  In the former cases extensive disease can exist
without thetr being any abnormal radiological signs other than synovial

G 68 Tuberculous canes sicca of the shoulder joint  There is a large area of destruction in
FIG o8 s of the humerus and a second smaller atea lying medially  The glenoid fossa 1s also

affected
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swelling which 15 more easily detected W chinieal extunation When
mvolving bone tubereulosis 1s 1 destructive process, destroying nli
structures 10 its path 1nd exciting no bone reaction the nature of
adjacent sclerosis 1f 1t commences 1n the metphysis 11 may appear
as’an arca of osteoporosis 1 which no bony tribeculac 1re visible
the overlying cortex may also be destroyed  The pathological process
may then progressnely destroy the adjacent epiphyseal cartilage and
bony structure m the cpiphysis discharging into the joint cavity
affecting synovium  and destroying articular cartilage (sce Fig 68) In
time the adjacent bone forming part of the joint may become afected
Thus destruction will be shown radiologically as local destruction of
bone without local bone reaction 1nd with narrowimng of the joint
space as the articular cartilage 1s destroyed  Sclerosts of bone 1n this
condition only rarely occurs n very chronic cases where the advance
of the destructive process has not been rapid and the forces of repair
have attempted to  seal off  the pathological process If however a
sinus has discharged on to the skin surface and this has become second
anily infected as 1s almost mevitable the secondary infection of under
Iyng bone with pyogemc organisms will cause a bone reaction with
sclerosis

The role of radiology n this disease therefore 1s to show the extent
of the damage to the affected bone or jomnt to confirm clinical opinion
that progression has been halted 2nd to demonstrate complcations
such as the volvement of 1 second bone or secondary infection of
bone under a sinus

(2) Aseptic Necrosis of Bone

Necrosts of bone 15 characterized microscopically by degeneration of
the osteocytes Not all parts of the bone are necrotized at the same
time  Spongy bone and haversian lamellac of compact bone may still
be farrly intact contaiming undamaged osteocytes Peripheral or
interstiial lamellae of compact bone are the first to become necrotic
these are the older parts of the bone tissue which have already sustained
some damage as a result of a decrease n their nutrition prior to the
injury which caused the necrosis of bone Radiological diagnosis can
only be made of gross anatomical change in the later stages from the
reaction of the surrounding tissue

The fate of necrotic bone may differ widely The most important
single factor 15 whether the bone 15 1n contact with Living connective
tissue  The most favourable outcome 15 1ts elimination by osteoclastic
activity and its gradual replacement by normal living bone
‘hThls(type of h;allxlng 1s frequent and seems to be nothing more than

e extension of the regeneration of
troushont e £ n bone a process which occurs

If the connective tissue covering a bony surface has been damaged so
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that 1t loses tts vitality the chminauon of necrotic bone 1s still possible
by what s called undermining resorption which may start for instance
1n the bone marrow spaces after damage to the pertosteum

During ordinary regeneration of aged bone the resorption 1s often
mcomplete at first and the new bone 1s built upon the surface of the
partially resorbed bone The same fate 15 observed after pathological
necrosis of bone After the tinal resorption the process ts reversed
before the necrotic bone 1s complctely eliminated  This 15 a process
of walling in or burymng the dead bone by increased osteoblastic activity
New dense compact bone ts formed round the necrotic area

If necrotic bone loses 1ts connectson with living reactsve connective
tissue 1ts ehmmnation 1s impossible and 1t becomes a sequestrum

Thus the nterplay of osteoclasis and formation of new bone 1s
observed in all these processes  If the process of regeneration, resorption
and formatton of bone proceeds undisturbed complete healing may be
observed  Mechamcal mjuries or secondary snfection occurnng during
this period may however Iead to permanent deformity

In 1schaemrc necrosts of bone there 1s a total necrosis bone tissue
and marrow of a bone or part of 1t

The next stage 1s repair  During resorption young connective tissue
mvades the involved area and new bone 1s substituted for necrotic bone
Some trabeculae escape resorption and new bone 1s lad down on therr
surface At the same time the necrotic marrow 1s replaced by granula
tion tissue after the cell debnis has been removed by macrophages
The necrotic bone during this process 1s often subjected to spontaneous
fracture The articular surface above this bone thus loses the firm
support which normal bone gave st and becomes damaged Continued
friction between the two fragments of such a spontaneous fracture
causes a gnndmg of necrouc bone and the zone of fracture 15 soon
filled with bone dust which ss forced mto the neighbouring bone
plugging the narrow spaces  One part of necrotic bone 15 thus separated
by a barnier from the other part  This barrier presents great resistance
to regeneration of the penipheral past

This demarcated area mav eventually undergo regeneration or it may
remain demarcated

Radiology in this condition as always 1s merely a graphic representa
tion of the pathological process In childhood the commonly affected
sites are certam ossific centres e g the head of the femur (Perthes
disease) the tarsal navicular (Kohler s disease) the head of the second
metatarsal ete  The etiology of the condition s wsually unknown
though trauma may occastonally be mcriminated but whatever the
cllolog) thc palholcg} 15 as described aboxc At the outset there are
no rad but as Itsp! 11 fracmres occur
and weight bcanng c the d bone
and denser and more sclerotic This appears radxologu:all) as a mnor
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vanation indrrcgulanty n shape and 1sinere wed density (see Fig 69)
The forces of repair then bring about 1 hyperiemin of the ad)rcent
healthy bone  hyperacmua of bone alw1ys causes ostcoporosis and this
osteoporosis increases by contrist the apperance of sclerosts of the
necrotic bone  In time f further weight bearing 1s not prevented
considerable deformuty and flattening of the necrotic bone m1y tahe
place  As resorption of the necrotic bone occurs small zones of lesser

Fig 69 Perthes disease of the left up  The femoral head 1s fragmented compressed and denser
than its fellow in the right hip  As yet no radiological evidence of repatr 1s shown

density are seen 1n the sclerotic area and 1n time new bony trabeculie
of normal density are laid down in the now deformed matnx In
childhood 1t 1s common for all the necrotic bone to be resorbed and
replaced though the whole process may take two or even three years
In the adult the zones of necrosis are usually more confined and
circumscript - They are often sub articular and affect a segment of an
articular surface  Or the whole of a narrow strip of the sub articulr
zone of an articular surface may be involved the bone deep to this not
being affected 1n the mitial process but only in the process of repur
(see Fig 70) If a wedge shaped segment of bone 1n an adult becomes
necrotic 1t 1s rare for all the necrotic bone to be absorbed if how
ever only a narrow strip 1s invohved 1t may all be absorbed In the
adult the pathological process of repair often produces the more
obvious radiological changes hyperaemia produces osteoporosis of
the adjacent bone Absorption shows as a loss of bony trabeculae
possibly proceeding to the formation of cyst like areas reconstitu
ton of bone 15 often mimmal the sealing off of the nvolved aren by
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the laying down of reactive bone round 1t shows as a sclerotic nng
round the cvst Nature s attempt to alter jomnt mechanics to relieve
the affected area of necrotic jomt surface produces osteophytes at the
penphers—an osteoarthritis

The processes here described have found their way into the hterature
on bone pathology under many titles such as osteochondritts eprphs-
sis etc 1t 1s better howeser to refer to them by a name which

[
i
{

Fio. 70 Avascular necrosss in ine femoral head of an 2dult riale aged 6 The necrouc zooe of
bone can be soen separated from the remainder of the bone by a line of derascation. Tt bas
been compressed int0 the ares of remair producing 4 “step~ on the articular surfzee

describes the pathological process whateser the etiology nameh
avascular necrosis  The radiological picture 1s a portrayal of the state
of affairs at a point 1n tme either of the development of the condition
or of the repair process or of the complications which ensue

(3} The Spine
(a) Inter vertebral Discs The syndromes due to posterior hermation
of mtenertebral discs which mav commonly occur m the Iumbar
and cervical regions less commonly 1n the thoracic are well known It
1s less well realized that plamn radiographv of the spine has httle part
to play 1 the diagnosis of the condition though st has an essential part

to play 1n the 1nvestigation of suspected cases
An intervertebral disc consists of the central nucleus pulposus round
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which 15 the annulus fibrosis  The outer Inyers of the annulus fibrosis
are contimuous with the connective tissue wlhich forms the periosteum
over the surface of the adjrcent vertebral bodies  Either due to nge or
repeated mnor trwma or strun the nucleus pulposus may become
dehydrated and degenerate  when this happens it loses 1ts property
of resilience or turgescence  1s less able to stand the up nd down
thrust of everyday weight bearng and begms to bulge horizontally
As the spinc 15 fixed postenorly by the articulating diarthrodial joints
the bulge 1s more commonly forwards or Iterally less commonly
backwards As the disc bulges outwards beyond its normal limits the
continuous outer layer of connective tissue 1s elevated from the surfaces
of the adjacent vertebral bodies this excites an osteoblastic reaction
and bony spurs or ostcophytes grow under this elevated periosteum
round the outer edge of the bulging annulus fibrosis  This condition

which 1s common 1n persons over the age of 50 years and may be seen
at much carlier ages 1s symptomless and 1s best referred to as osteo

phytosis though the term spondylosis 1s sometimes used 1t should be
clearly differentiated from osteo arthritis of the spine which affects the
posterior diarthrodial joints and 15 a painful condition  Osteophytosis
of the spine may affect one or many discs and shows radiologically 1s 1
dimimished disc space with bony spurs projecting from the edge of
the vertebrae around the edge of the disc (sce Fig 71)

Posterior hermation of a disc such as may give rise to neurological
signs and the chinical state commonly associated with the condition 15 1
totally different picture 1t may occur in young persons the muddle
aged or elderly 1t may be acute or chronic It may occur 1n a person
whose spine shows no previous degenerative changes or n a person
whose spine already shows some of the signs described 1n this section
Postertor hermation of the disc can be due to actual sphtung of the
fibres of the annulus fibrosis with herniation of some of the substance
of the nucleus fibrosis through the gap or merely due to postenor
bulging of the disc assoctated with degenerative changes  In erther case
the normal mechanics of the disc become altered and 1n the course of
ume probably not less than twelve months the radiological signs of
dise degeneration will be shown  there 15 no sure method of differen
trating by plain conventional radiography between a degenerated disc
which 1s merely part of an osteophytosis and one which 1s a result of
posterior hermation  Even 1f there are posterior osteophytes visible
radtologically projecting into the spinal canal these may not be assoct
ated with symptoms In an acute disc hermation there may be no
radiological changes whatsoever

Two signs may be seen on the radiograph in posterior disc herniations
producing symptoms and signs which though not diagnostic by
themselves may add to the general clhinical picture and so help to
establish a diagnosis  There may be loss of the normal lordosis and
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the laymg down of reactive bone round 1t shows as a sclerotic ring
round the cyst  Nature s attempt to alter jomnt mechanics to relieve
the affected area of necrotic jomt surface produces osteophytes at the
peniphery—an osteoarthritis

The processes here described have found their way into the literature
on bone pathology under many titles such as osteochondritis epiphy-
sitis et at 1s better however to refer 1o them by a name which

Fic 70 Avascular necross in the femoral hiead of an adult male aged 56 The necrotsc zone of
bone can be scen separated from the remainder of the bone by a hne of demarcation It has
been compressed into the arca of repair producing a step on the articular surface

describes the pathological process whatever the etiology mamely
avascular necrosts  The radwlogical picture 15 a portrayal of the state
of affairs at 2 posnt n time esther of the development of the condstion
or of the repair process or of the complications which ensue

(3) The Spme

(a) Inter tertebral Discs The syndromes due to posterior hernation
of intenertebral discs which may commonly occur in the Jumbar
and cervical regions less commonly in the thoracic are well known It
1s less well realized that plain radiography of the spine has little part
to play 1n the diagnosis of the condition though it has an essential part
to play 1n the imvestigatton of suspected cases

An mtenvertebral disc conststs of the central nucleus pulposus round
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this can occur 1 cither the lumbar or cervicyl regions  And there my
be alteration 1 the width either an ncrease or 1 decrease of the
posterior end of the disc compared with the adjrcent discs vbove and
below However the real rolc of radiology in this sphere 1s to exclude
other pathology s 1 cause of the symptoms and signs under mvestign
tion and no case of clinically dingnosed herninted dise should ever be
regarded as completely mvestigated until this procedure his been
carried out
Cases are encountered in which the chimerl diagnosis despute full
chinical exammation 1s not clear or in which the signs clicited do not
permit exact locahzation of the level of the hernition  In such cases
two further radiological procedures are available 1s an aid to diagnosis
Both procedures require to be carried out in the X r1y department using
first-class high output apparitus m the hands of an experienced
radiologist
Myelography ts the techmque by which 2 or 3 ml of opaque medium
are mjected into the theca  The two satisfactory medsa in common use
are Pantopaque and Myodil  Then under screen control the patient 1s
tited 1nto the head down or feet down position and the medwm thus
made to run up and down within the theca The exammnation 1s
carned out 1n both supine and prone positions and so the whole
TegIon N q can be nvesigated Films are taken dunng the
procedure as required and i this type of case 1t 15 always essentral to
have lateral films of the area n question taken with a horizontal
X ray beam so as to have the opaque medium actually resting on the
postenior borders of the discs under investigation
Disc puncture and snjection {discography) s the technique whereby
an opaque medium 1s injected into the nucleus pulposus  For examina
tion of the Jower lumbar discs the patient lies on his side on the X ray
table with his knees well up and his back arched A guide wide bore
needle 15 then passed 1n the mid hine between the spmous processes
towards the disc under examination 1 a direction selected from a
prelimtnary fifm A long needle (5 ) and sulette are then passed through
the gmde needle through the annulus fibrosis into the disc  1f the posnt
of the needle impinges on bone 1t 1s withdrawn shightly 1ts direction
adjusted and then re nserted A check film at any stage will confirm
the correctness of the direction  When the needle 1s 1n the disc 35 per
cent diodone 1s injected 0 5ml to 1 ml can be injected with difficulty
mto a normal disc 1 5ml will go relatively easily mnto a degenerated
disc  The needle 15 then withdrawn and lateral and anterio posterior
films taken followed by an erect lateral film The contrast mediam 15
absorbed from a normal disc 1n Iittle more than hour but traces of 1t
may remain 1n a degenerated disc for up to 24 hr  In a normal disc
the nucleus pulposus 1s seen to be an oval shape with a wide band
round 3t which does not fill with contrast medium—the annulus fibrosis
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FiG 71 Ostcophytosts of the lumbar spine
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The rolc of ridiology 1 scoliosis 15
(1) to demonstrate any vertebral anomalies or by excluding them to
exclude congenmtal scoliosts
(1) to act 15 1 record of the ngle of the primary curve 1nd so by
companison with subsequent examintions to show whether the curve
15 progresstng or whether correction 1s bemg muntned
(m) to demonstrate in cnses of 1diopithic scoliosis whether or not the
compensatory curves 1bove and below the pnmary curve will strughten
out
The technique 1s to tahe
(1) a straight 1ntero posterior view of the afTected part of the spine
on one film with the patient standing erect
(1) an antero posterior view of the swme arer with the patient
standing and flexing his spine to the left side
() the same as (n) with Iteral flexton of the spine to the right side
(1) 1s carried out at three to six monthly intervals duning con
senatne treatment  (n) 2nd (i) are only carried out at the first examina
tion and again prior to surgical correction and fusion 1f this 1s under
taken
The angle of the primary curve 15 measured on the film taken on (1)
above and 1s actually marked on the film  The upper and lower
vertebrae of a primary curve show no rotation of the spinous process
and the discs above and below them are not wedged From the
upper and lower borders of these vertebrae respectively perpendiculars
are drawn and the angle 2t which these meet 15 the angle of curvature
{&) General Principles of Imestigation and Interpretation  Radio
logical interpretation of discases of the spine 1s not always a simple
matter especially when the discase process though sufficiently
advanced 1o produce symptoms and signs 1s sull m a relatively early
stage and bone and joint changes are mimimal  In the thoracic spine
the overlying shadows of ribs and lungs may cause confusion 1n the
cervical region the super imposition of the shadows of the transverse
processes and articular facets cause difficulty and in the lumbar spine
the projection of bowel shadows over the verlebrae render interpretation
difficult  Routine radiographic procedures will usually overcome these
difficulties but 1f doubt still ingers regarding the state of the spine after
thorough scanning of the conventional films or if for permanent record
1t1s required to have an accurate demonstration of the state of a patho
logical process tomography of the spine will provide the answer This
Isa precision techmque and 1s time cc g butaminute dissection
of the spme can be carried out by this method
For example 1f a child in the 10-15 years age group 1s complaining
of an ache i the back and chinical examination reveals a kyphosis
hmitation of movement and tenderness over the lower thoracic spme

the possibility of tuberculosis of the spinc anses X ray examination
)
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(see Fig 72) In a degenerated disc the annulus fibrosis 1s seen to be
narrower and posstbly bulging the contrast medium 15 seen to spread
more 1nd may be shown actually to track mnto 1 herniated portion

(@ ©®)

FIG 72 (a) Discography Opaque medium has been injected 1nto the dise between the bodies of
LV 4 and 5 which 1s shown to be normal  Opaque medium has also been tmyected into the
Tumbo sacro disc 2nd 13 shown to track further in this degenerative disc  (5) A P projection
of the case shown (n (7)) The fraomentary tracking of the opague medium in the lower disc
18 berter shown

(8) Scoliosis  Scoliosts may be congenitnl rdiopathic neuropathic
myopathic or thoracogenic The thoracogenic scolioses following
empyema pneumonectomy or thoracoplasty are rare nowadays and
the myopathies such as muscular dystrophy do not produce a progres
sive scoliosts

Neuropathic scoliosts as a result of poliomyelitis depends on the
muscle groups affected The most important prognostic factor 1s the
age at which the disease first affected the chuld  Most paralytic sco
lioses develop within two years of the disease and the earher the age
of onset the longer the mmbalance of muscle has to affect vertebral
growth and the greater 1s the final distorting curvature

Congenital scolioses are assoctated with demonstrable vertebral
anomalies such as hemi vertebrae congenrtal absence of discs and
fusion of vertebral bodies absence of nibs b fusions etc

Probably the most important single group are the idiopatinc scoltoses
The primary curve may be thoracic thoraco lumbar Jumbar or com
bined thoracic and lumbar all with compensatory curves above and below
Idiopathic scoliosis 1s progresstve as long as vertebral growth takes
place but does not progress after cessation of growth and the higher
1n the spine 1s the primary curve the worse 1s the prognosis

Treatment may be conservative or by surgteal correction and fusion
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Fic 74 (a) and (5) Tomographs of mid thoraci spinc 1na case of yuveml osteochondrifts
showing herniation of the nucl us pulposus tnto a vertebral body narrowing of th
refevant disc but no increase in the width of the paravertebral shadow

Fio 75 Radiograph of the tlumbar spine showinga d fe
A \eriera b of the ur D ngad fuctin the pars interarticulars of
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of the spine may reveal deformity of the lower thoracic vertebral bodies
with narrowing of the mtenvertebral spaces  However juvente osteo-
chondnitts {or epiphyvsitis) of the spme can produce a similar chnical
and radiological picture  The treatment and prognosis differ wadel
and accurate dragnosis 1s essential  Tomography of the spme will
reveal the true nature of the conditon Tuberculosis 1s a destructne
process often mvolung the opposing surfaces of adjacent vertebral
bodies producing 1n the early stages no bomv reaction or sclerosss
the edge of the destructve lesion in bone 15 11l defined  the intervemng
disc space narrows due to destruction of its substance and earlv there
develops a paravertebral abscess producing wideming of the para
vertebral shadow 1n the thoracic region or a proas bulge 1n the lumbar
region (see Fig 73) O teochondnns 1s due to interference with the

et

Fiu 73 to) and b P and tateral of the msd thoraa _ pinc 1n.a case
of tuberculosis showin canes 1n adjacent  ertebral bodies. destru-tion of the wien empz
disc and a wide para enebral shadow

blood supph to the carilagimous end plate winch necroses breaks and
allows the nucleus pulposus 10 herntate through the breal into the
spongiosa of the vertebral body  there 1s an immediate bone reaction
producing a clerotic ning of bone sealng off the hernation  Inter-
ference with growth of the vertebral body occurs with increased growth
1n an antero-posterior direction a temporan cessation of ‘vertical
erowth producing a wedge shaped vertebra  There 1s never any mcrease
n the para \ertebral shadow or psoas bulge 1n this condinon (see

Fg ™



FIG 76 Paget s discase of the femur showing the recent
fibrotic replacement of normal bone at the upper mar

g 1n the middle of the affected part and
dense reassification at the lawer end  One of the com
plications of Pagets disease a horizonta) fracture 1s
shown umited in the mid shaft
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Similarly tomography will help to elucidate other conditions of the
spine such as anomalies and mjuries 1n the atlanto axial region
mjures to any region of the spine, primary tumours such as osteo
clastoma or metastatic spread diastomatomyeha neurofibromata etc

On the other hand routtne conventional radiography 1s usually
eminently satisfactory for the demonstration of such conditions as
haemangioma (the large venous plexus of which may be the cause of
severe symptoms and signs) spondylolysis (see Fig 75) spondylolisthess
osteo arthritis of the diarthrodal joints spondylosis and the exclusion
of other pathology in cases of suspected posterior disc hernation

(5) Paget’s Disease

This condition alternatively known as osteitis deformans or osteitis
hyperplastica 15 of unknown etiology If 1t becomes climically manifest
1t 15 usually 1n the older age groups though 1t may often commence
between the ages of 35 and 45 years It affects both sexes but 1s
commoner 1n males It affects predomnantly the Caucasian races and
the writer has not seen a proven case 1n an African  It1s often symptom
less but can cause bone pain or vague aches Clmical presentation 15
usually due to the complications of the disease rather than to the con
dittonatself  Any bone can be affected but the pelvis spme skull femur
and tibia are the commonest The condition causes enlargement of the
affected bone and bending of the bone may take place during the
fibrous stage The enlargement of bone may produce mechamcal effects
such as imparrment of joint movement leading to osteo arthntis of that
jomt or neurological signs due to narrowing of the basal foramna of
the skull  Duning the fibrous stage the bone 1s very vascular and 1f
many bones are affected they may act as a large reservorr of blood
putting an added strain on the cardio vascular system Pathological
fractures through affected areas are not uncommon Sarcoma may
arise 1n affected bones and osteogenic sarcoma arising 1t pre existing
Paget s disease 15 the commonest form of bone sarcoma 1 the older
age groups 1t 1s usually predommantly osteolytic with little or no
osteoblastic reaction In these circumstances 1t can be difficult to
differentiate between this and metastatic carcinoma occurring n
Paget s disease

The disease may affect one or many bones and in any one bone it may
arise 1n one site and extend or be multt centric  The process conststs of
osteoclastic resorption of normal bone and ifs replacement with an
exuberant fibrous marrow which m turn slowly re ossifies The re
ossification however takes place in an abnormal pattern and has a
characteristic histological appearance described as having a mosaic
pattern It 15 during the stage of fibrous replacement that expansion
takes place and deformities may occur The fibrosis may be extensive
with re ossification lagging well behind or each small area of fibrosts



FIG 76 Papet's discase of the fumar showing the recent
fibrotic replacement of normal bone at the upper mar
gn reossification in the middle of the affected part and
dense reossification at the lower end  One of the com
pli ations of Paget s discase a horizontal fracture ts
shown united in the mid shaft
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may ossify relatively quickly - The radiologieal appearances depend on
the type of pathological pattern which the process has adopted The
process often affects the cortex mmitinlly and the advancing edge of
fibrosis appears lihe an ostecoporotic arrowhead  splitting  the cortex
This osteoporotic zone of fibrosis may be quite extensive but if re
ossification does not take place early thick coarse bony trabeculae
may be seen an inch or possibly two inches away from the advancing
edge As re ossification proceeds dense sclerotic new bone 1s laid down
1 the form of these thick coarse trabeculae (see Fig 76) 1f however
at the outset the imvolvement of bone 15 multicentric and extensne
re ossification may proceed rapidly following the stage of fibrosis so
no true advancing edge of fibrosts ¢1n be detected radiologically the
whole merely having the appearance of normal bone being replaced
by thick abnormal bony trabeculae with wide nter trabecular spaces
The speed of advance of the process 1s variable and 1n any one site the
condition may go nto remission for periods of years only to recom
mence at a later date  During the actine phase which may persist for
some years the rate of advance along the shaft of a long bone 1s rarely
more than half an inch a year

It 1s sometimes difficult to detect the early stage of malignant change
m this condiion for the osteolytic mahgnant process may appear

Fic 77 ta) Paret s discase of the lower end of the icht f mu  An osteoporot  zone is shown
1n the m ddle of the articular surface (b) Same case as (a) fi ¢ weeks later The zonc of
osteoporosts 1s now shown 1o ha ¢ extended as a large area of destruction—an osteogenic

sarcoma
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merely the other zonc of fibrosis  Howuver 1 translucent iret of
bone already ffected by Paget s disease wnd shown to be increasing in
size mnst be regaeded with the Lruvest suspicton (see Tig 77) Some
times ostcogenie sarcoma rises 1t the site of 1 pathologienl feacture
through P';gcls discise 1t 1s not clerr whether the fricture occurs
beeause malignant change 15 occurring or the trwma to the tbnormal
cells during fracture exertes malignint change  Whateser the ficts 1t 1s
wisc to carry out cireful ridiologicl scrutiny of the fracture site in such
cases 50 1s not to miss the eurly ridiologicnl stigmatn of sircomatous
change (6) Simple Bone Tumours

Simple bone tumours guve nise Lo little difficulty 1n dingnosts - Osteo
mas are relatisely rire ind occur only mn the skull  They consist of
dense sclerotic bone and are usunlly rounded or oval in shape  They
may project from cither the iner or outer table of the skull or m1y
project into an air sinus - Tumours of cartilge may be entirely or only
partly endosscous or m1y be completely extr osseous nd 1ppenr s
exostoses  They usually appear as part of or ansing from the shaft of 1
long bone The enchondrom1s appear as well defined though often
wregular translucent areas within the medulln cusing thinning of the
cortex from within usunlly producing abnormahitics of moulding of the
bone They rarely contun radiologically visible bony structure though
they m1y have some irregulrr cleification within them  They are
common 1n the philinges and metrearpals where they are sometimes
multiple and may present with 1 pathologienl fracture nd oceastonnlly
occur s 1 single tumour n 1 nib where they cause considernble expan
sion The exostoses or osteochondromns 1s they are histologically
contamn far more bonc wmong the 1slainds of eartilyge nd are seen
radiologically to contaun bony tribeculiec  They usually anise near the
end of the shaft of 1 long bone 1nd project 1n the direction of the pull
of the adjacent muscles {sec Fig 78) They often have 1 long nnrrow
pedicle with a caubiflower shaped tip

Haemangiomn though not 1 common tumour m1y give nise to
difficulty i diagnosis They occur most commonly tn the vertebral
bodies and the bones of the vault of the skull  In the spine usunlly only
one vertebra 1s affected  The 1ppeirance 1s one of dimmnished density
with uneven absorption of 1l trabecule except those running n the
vertical plane the whole having 1 corse regular spongiosa with 2
somewhat honeycombed or  bubbly Apperance  The whole structure
of the vertebral body 15 involved “the intervertebr il spices not being
affected (see Fig 79) The body docs not as 1 rule collapse  There
may be a widened pary vertebril shadow due to the surrou
venous plexus In the shull i wddition to the bubbly
produced by the wide inter trabeculir s
ston of the outer t1ble of the shull

nding
ppe irince
pices they miy cuse expin
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Fic 78 An osteo chondroma arsin,. from the lower end of the. [ mur proj ctng 1n the dircction
of the muscle pull
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Fibromas tn bone s sohtary Jesions e fare part from ossifying
fibroma of the mandible nlready described under tumours of the jw
As part of the more generhzed condition of fibrous dysphsin they
occur more commonly  but 1s yet 1t 15 uncertun whether this 1s 2 true
neoplastic process or Is duc 10 1 fibrous replacement of bone rising
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Fic 79 A haemangioma of the vertebral body

from a develoy I error Excluding those that arise in the skull
the common site 15 1n the shaft of a long bone Sometimes the lesion
1s well defined but sometimes 1ts edges are not clear cut It occurs
within the medulla of the bone and 1s devoid of normal bony trabeculae
and 15 often described as having a  ground glass appearance It
usually causes thinming of the cortex from within and may cause
expansion of the whole bone  Qwing to 1ts loss of strength due to lack
of bony structure 1t may bend under weight bearing or normal bod

activity and bizarre deformities sometimes occur - Pathological fracture
1s not uncommon

Osteoid osteoma 15 a painful condition that may occur in almost ny
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bone though the lower limbs are most commonly affected The peak
inctdence s 1n the second decade of hife and 1t oceurs more commonly
m males than females The tumour conststs of a central nidus of

Fit. 80 An osteoid osteoma affecting the second metatarsal  Note the considerable bone reaction
round the central ostcoporotc midus

osteord tissue with 1 surrounding stroma of vascular fibrous connective
tissue [t 15 usually situated m the cortex and around the central nidus
there occurs 1 very considerable ostcoblastic reaction producing
sclerotic bone for a constderable distince around the focus extendmg
beneath the elevated perosteum as dense consolidated bone and
sometimes mto the medullh  Radiologically st appears as a zone of
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Ftu Bl Ost odastoma aff cung th upper end of the ibula  The great expansion within the
mour pushing out the cortical wall and the clear hine of demarcation 1n the shaft are
clearly shown
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bone though the lower limbs are most commonly affected The peak
incidence 15 1n the second decade of hife and 1t occurs more commonly
in males than females The tumour consists of 1 central nidus of

Fi6 80 An osicoid esieoma affecting the second metatarsal  Note the considerable bone reaction
raund the central osteoporotic aidus.

osteord tissue with a surrounding stroma of vascular fibrous connective
ussue It 15 usually situated in the cortex and around the central nidus
there occurs a very considerable osteoblastic reaction producing
sclerotic bone for a considerible distance around the focus extending
beneath the elevated periosteum as dense consolidated bone and
sometimes nto the medully  Radiologically 1t appears as a zone of
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proumuty cither to 1 subjicent osteolytic re or n 1djcent aren of
bone production
Thcpcommont:sl age of occurrence 1s 1 the second decade of life

- - - -

T T i

-
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FiG 82 Ano teoblastic osteo enic sar oma an ingina 14 year old boy The new bone produc
tion at right angles to shaft and the peniosteal reaction at the edge are well shown

before the epiphyses have umited and the commonest site 1s m the meta

physis of along bone though they may occur anywhere A second peak

i age incidence occurs after the age of 60 years some authontics

consider that in this latter group 1t only anises on pre exssting Paget s

disease but 1t must be stated that there 1s not always radiological
evidence of this condition
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densc sclerotic bone wath 1l defined edges and with a centrl less dense
focus which 15 rarely more than a centimetre 1n diameter (scc Fig 80)

Osteoclastoma or benign giant cell tumour 1s commonest between
the ages of twenty and thurty nd occurs shghtly more frequently m
women than in men  Most occur 1n the epiphyses of the long bones
Pain of varying severity 1s almost always the predominating symptom
and there 15 usually swelling of the affected part The charactensue
radiological appearance shows s n expanding osteolytic leston placed
excentrically in the end of a long bone of an adult The edge between
tumour 1nd normal bone 1s well defined though no reactive sclerosis
occurs (see Fig 81) In some 1 few coarse strands of bone remarn
1w the osteolytic lesion

Malignant Bone Disease

Primary malignant disease of bone 1s best classified in simple form
the more complex clssifications bewng of histologrcal nterest rather
than chimeal sigmficance Thus most primary mahignant tumours 1n
bone fall into one of the following categories

(a) Osteogeme Sarcoma These may be predominantly osteolytic
osteoblastic or cartilaginous  histologrcally they are always muxed all
three elements being present but usually one predominates and this
influences the radiological picture - The osteolytic process destroys bone
usually irregularly affecting both medulla and cortex with 1l defined
edges 1t often being impossible to say on radiological grounds where
the destructive process ends and where normal bone begins The
osteoblastic process brings about the production of new irregular bone
somettmes within the zone of destruction more often beyond the
ongmal sheletal confines of the bone spreading out nto the adjacent
soft uissues  This new bone 1s somctimes wispy in appearance the
strands of bone having no particular pattern sometimes denselv
sclerotic having a trabeculated but whorled appearance extending mnto
the adjacent medulln  and sometimes trabeculated 1 1 radial pattern
extending beyond the oniginal cortex perpendicular to the shaft—the
so called sun ray spicules (see Fig 82) Though 1t has found its
way mnto many publications on the subject this latter appearance 1s not
the commonest one 1n osteogenic sarcoma  The cartilaginous element
n osteogenic sarcoma may not be apparent radiologically but often
calcifies  If therefore within a tumour mass exhubiting other sigmificant
features there are extensne areas of calcification without trabecular
pattern this 1s probably a mamfestation of chondroblastic osteogenic
sarcoma

One other common radiological feature in osteogenic sarcoma 1s a
periosteal reaction This often anses some short distance from the
tumour increasing 1n depth as 1t approaches the tumour edge to end
m an abrupt cut off  the socalled Codmans trangle mn close
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tumour 1s radio senstine nd the results of treatment of group (1)
are emunently satisfactory of the other two groups less satisfactory
though sull a practical procedure

Differentinl dragnosis muy be a difficult problem for the climicnl
presentation 15 often indefimte nd the radiologienl picture unequvocal
The differentral dingnosts 1s usually from 1n infiimmatory process
In reticulo sarcoma the cortical tnd penostenl changes are secondary
to medullary changes The condition commences 1n the medulla as ¢
localized group of small translucencics with il defined margins  these
extend along the shaft 1nd become confluent locally  Small areas of
increased density may be scattered irregularly within the aflected bone
The cortex s then imvolved by contiguity in a patchy way later becoming
progressively destroyed (sce Fig 83) Punosteal new bone may appear
with possibly a small reactine tnangle of peniosteal new bone at the
edge of the lesion but as a rule peniosteal new bone 1s not extensive 1n
this condition

In childhood the same appearance may be caused by metastatic
neuroblastoma  If the lesion 1s sohtary diagnosis may be difficult
and 1t 1s common for this condition to be labelled as inflammatory 1in
the first instance  The solitary lesion 1s sometimes radio sensitive ~ As
the condition becomes more widespread and more bones become 1
volved the diagnosis becomes more apparent At this stage 1t 1s not
infrequent to see @ more extensive layered periosteal reaction along the
shafts of the long bones affected  This neoplasm frequently n the later
stages metastasises to bramn and skull producing a charactenstic
appearance of widely separated sutures in a calvarium the bones of
which show a motiled diminution of density  The pnmary lesion n
neuroblastoma often contains caleification and a film of the renal areas
showing supra renal calcification may help to establish dragnosts n 1
case under investigation

(d) Metastatic Carcinoma it Bone The demonstration and observa
tion of metastatic carcinoma tn bone 1s not now such an academic
purswit as once 1t was for the treatment of multiple metastases from
breast prostate and thyrowd and solitary metastases from lodney have
all met with a measure of success

Metastases from carcinoma of breast are usually osteolytic and are
commonly widespread Any bone may be involved but the vertebrae
and the nbs are frequently the site of metastases The secondary
growth usually starts in the medulla destroying bony trabeculaé
producing a translucent zone in the bone 1t increases 1n size destroy
Ing cortex by direct spread  Pathological fractures through such
secondary growths and especially producing compression deformities
of the vertebral bodies are common The condition 1s progressive
whole benes bung destroyed by the conlescing of adjacent metastases

Arrest of the progress of the destructive Pprocess 15 often observed
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(b) Chondro sarcoma The differential diagnosis between chondro
blastic osteogenic sarcoma and primary chondrosarcoma may be
difficult or impossible, but 1s probably only of academic interest
Tumours of cartilage 1n bone are not uncommon, small chondromata
or osteochondromata are frequently encountered 1n the bones of the
extremities less frequently in the bones of the trunk  Many are of no
clhinical significance and they cause the patient no trouble Some
become chnically mamfest merely on of their 1
effects such as pressure on adjacent bones and structures A certan
few, however undergo malignant change and become chondrosarco
mata The commonest site for the simple tumour 1s n the bones of
the hands and feet and these rarely become malignant The most
potentially malignant are those round the shoulder girdle and the pelvic
girdle  Chondroma does not usually grow after the age at which all
the epiphyses have united  Any cartilage tumour which continues to
grow or re commences to grow after that age must be kept under strct
chnreal and radiological review and any suspicion of malignant change
must be dealt with early by local exciston or amputation In these
cases serial radiography at intervals of time 1s of the greatest help In
any chondroma or osteochondroma which appears to be growing
unusually rapidly 1n childhood or recommences to grow n adult life
the radiological sign which mdicates malignancy 1s the destruction of a
part of the tumour however small which on previous radiographs was
shown to be ossified It 1s less easy to be certamn in the case of endosseous
poorly ossified cartilaginous tumours than with the sessile or pedun
culated osteochondromata but in the former rapid growth should be
viewed with grave suspicion and careful observation be kept for radio
logical evidence of local invasion of previously normal adjacent bone

Occasionally primary chondrosarcoma anses without there berng any
knowledge or evidence of a pre existing stmple cartilagimous tumour
Often these anise from the pelvic girdle and present as a slowly growing
bony hard lump the patient will often complain tn the first instance
of some mechanical effect or local discomfort  they may arise from the
outer aspect of a pelvic bone or project into the pelvic cavity Radio
logically these usually show as well caleified tumour masses projecting
from the parent bone The mass has usually well defined edges and the
calctfication has a whorled appearance The bone at the site of attach
ment may appear normal or may have some sclerotic changes withn it
or occastonally an osteolytic area which 1n time may become extensive

Radiological opinion as to whether a cartilaginous tumour 1s simple
or malignant 15 often more reliable than a histological report on a
biopsy specimen

() Renculo sarcoma  This condition may occur as (1) a single
primary focus 1n bone (1) multiple pimary foa i bone or ()
prumary soft tissue reticulo sarcoma secondarily involving bone The
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radiologically following adrenalectomy and 1 some c1ses consolida
tion of bony tissuc with the 1ying down of dense 1bnormal bony
trabeculae occurs The gross effect and course following surgery cn
therefore be assessed alongside climeal improvement

Similarly following radiother1py or testosterone theripy the arrest
and recalcification of osteolytic Jesions may be observed and after
testosterone therapy dense sclerotic new bone 1s sometimes laid down
m the whole soft tissue mass that was onginilly metastatic new growth
often extending beyond the onginai confines of bony skeleton

Occasionally metastases from breast carcinoma are osteoblastic 4t
the onset  These my be equally widely disseminated but are rarely the
cause of pathological fracture

Metastases from carcinoma of the prostate e usually osteoblastic
When a chimical dragnosis of carcinom 1 of the prostate has been made
on rectal examination but the serum acid phosphatase remains low
confirmatory evidence may be obtamed by the demonstration of
osteoblastic metastases in the pelvis or spine The arrest of the progress
of such metastases under stilboestrol may be assessed radiologically
occasionally they have been observed to disippear entirely  The
differential dragnosts between these metastases and Paget s disease may
be difficult but1f acid and atkaime phosphatase esimations are unhelp
fulhlhc opinton of n experienced radiologrst will usually prove to be
nght

Metastases sn bone from thyroid may present clinically as solitary
lesions shown radiologically to be osteolytic (sce Fig 34) Sumilarly
metastases from carcinoma of the hidney sometimes present as a
solitary osteolytic lesion 1n 2 long bene and some success has been
reported by amputation of the affected imb and nephrectomy  In this
fatter condition the primary growth may be silent and the case present
as a pathological fracture Such metastases are commonly large
osteolytic lesions with well defined edges ansing n the meduila
eventually breaking the cortex
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FiG 83 Single primarv reticulo sarcoma of the upper end of the humerus
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and the nyection 15 mide 15 rypudly 1 possible the fiest film bung
exposed after 20ml of medium hwve been injected nd the others
subsequently
If the examination is beng carried out to demonstrate the peripheral
crculation the needle ts best serted at the level of the body of the
second lumbar vertebra below the point of origin of the renal arteries
all the contrast medium thus passes down the 1orta and 1s not lost 1n
the renal circulation
The indications for the use of this techmque in renal condittons are
(1) to differentrate between renal neoplasm and renal cyst, when this
1s considered clinically essential (N B See renal puncture)
(n) to mvestigate cases of hypertension which m1y be of renal
origin
(m) to mvestigate cases of renal haematuria when excretion uro
graphy and retrograde pyelography have been normal
(iv) to demonstrate the vascular tree of the kidney when partial
nephrectomy 15 contemplated
The indications for its use 1n vascular conditions are
(1) to demonstrate the site and extent of suspected thrombosis of
the aorta or more especially of its main branches
(u) to demonstrate or exclude suspected aneurysm of the aorta or
of 1ts branches
(m) to confirm the diagnosis of and demonstrite the site of arterio
venous fistula
b These are discussed more fully in the section on femoral arteriogiaphy
elow

(2) Femoral Arteriography

Although the risks of peripheral arteriography are small the indica
tions for its use are few Much mformatson can be obtained by clinical
examnation and oscillometry and arteriography should only be
undertaken when further and more exact information 1s required which
will be of benefit to the patient

The techmgque ts as follows

(a) Femoral arteriography 1s carried out under spinal anaesthesia as
this prevents spasm which may otherwise be induced by an njection
of contrast medium

(b) The mjection 1s made percutaneously A Harris s Jumbar punc
ture needle with a stilet projecting a few millimetres beyond the point
of the needle 1s used The femoral artery 15 entered with the pomt of
the needle directed proximally and as soon as 1t 1s clear that the needle
151 the lumen the stilet 1s introduced and the needle 15 threaded up
the artery for at least a centimetre It 1s thus firmly within the arterial
lumen and need not be held 1n place By introducing the needle in a
prouimal direction there 1s no possibility that 1t may be directed into the
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(1) Aortography

AOPTOGPAPHY c2n be parformed erther by the translumbar approach
or by retrograde femoral cathetenization The latter method has been
described under Renal Artensography 1 the section on the Urinary
Tract

For translumbar aortography the apparatus required 1s a I5cm.
SW G needl~ pressure tubing. 2 20m] syringe filled with warm saline
and 2 30ml svnnge filled with 70 per cent contrast medium  Some
means of takung films 1n rapid succession 1s required  Complicated and
expensne senzl devices are available but verv satisfactorv results can
b= obtamed with cassette tunnels and mmnor modifications 1o the X-rav
t2blz If 1t 15 required to demonstrate the renal circulation a stmple
cassette tunpel incorporating a stationany gnd through which four
15 > ]2 cassettes can be passed at mtenals of 1—2sec can be used
1f 1t 35 required 1o demonstrate penpheral airculation, the Bucky trav
can be modified 1o take two films for demonstration of the abdominal
part 2nd a long cassette tunne! can be used to show the Iimb crrculation
With a team of helpers 1t 1s possible by this method 1o follow the con
trast mediurn and obtam from a single mjection a demonstration of the
artenal tree from the point of mmection to the foot.

The exanunation 1s best carnied out under general anaesthesia  The
pabent hies 1 the prone posiion. The needle 1s introduced through the
skin just below the twelfth b four fingers breadth to the Jeft of the
mdhne and 15 directed forwards medalh and upwards towards the
bodv of the twelfth thoracic vertebra. On stnhang this 1t 1s withdrawn
about an inch and directed more laterallh  As the needle shides past
the vertebral body 1t enters the aorta. Throughout the procedure of
mserting the needle small mjections of sahine are made to keep the
lumen clear When the aorta 15 entered blood enters the needle and
pressure tubmg and forces the svnnge plunger backwards At this
pornt 11 15 wise 10 advance the needle point 2 fusther esghth of an inch
as. f the needle pomt 1s ving partly in the aortic Iumen and parth m
th~ wall. when the contrast medium 1s 1njected, 1t may go outside the
aorta A forceful mjecuon of saline. followed by allowing the svnge
plunger to b~ forced backwards agam will confirm the stab:]m of the
needls 10 the aoruc lumen

Then with the cassettes 1 place and the team ready the 30ml
svrinee 1 fitted to th= pressure tub= the anaesthetist arresis respiration

13
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and the myection 15 mide 18 ripudly 15 possible the first film bung
exposed after 20mi of medium hie been wyected and the others
subscquently
If the examination 1s being carried out to demonstrate the peripheral
arculation the needle 15 best mserted 1t the level of the body of the
second lumbar vertebra below the pornt of onigin of the renal arteries
all the contrast medwm thus passes down the nort1 and 1s not lostin
the renal circulation
The indications for the use of this techmique 11 renal conditions are
(1) to differentiate between renal neoplasm and renat cyst when this
1s considered chinically essential (N B See renal puncture),
(11) to mvestigate cases of hypertension which may be of renal
ongin
(in) to nvestigate cases of renal haematuna when excretion uro
graphy and retrograde pyclography have been normal
(iv) to demonstrate the vascular tree of the hidney when partial
nephrectomy 1s contemplated
The mdications for 1ts use m vascular conditions are
(1) to demonstrate the site and extent of suspected thrombosis of
the aorta ot more especially of 1ts maimn branches
(1) to demonstrate or exclude suspected aneurysm of the aorta or
of 1ts branches
{m) to confirm the dragnosts of and demonstrate the site of arterio
venous fistula

These are discussed more fully 1n the section on femoral arteriogiaphy
below

(2) Femoral Arteriography

Although the risks of peripheral arteriography are small the indica
tions for its usc are few Much information can be obtained by clinical
exanination and oscillometry and arteriography should only be
undertaken when further and more exact iformation 1s required which
will be of benefit to the patient

The technique 1s as follows

(a) Femoral arteriography 15 carried out under spimal anaesthesta as
this prevents spasm which may otherwise be induced by an injection
of contrast medium

(6) The myection 1s made percutaneously A Harris s lumbar punc
ture necdle with a stilet projecting a few millimetres beyond the point
of the needle 1s used  The femoral artery 15 entered with the point of
the needle directed proximally and as soon as 1t 1s clear that the needle
1s1n the lumen  the stilet 15 introduced and the needle 1s threaded up
the artery for at least a centimetre It 1s thus firmly within the arterial
lumen and need not be held in place By mntroducing the needle 1 a
proximal direction there 1s no possibility that it may be directed into the
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profunda femons with consequent lack of filling of the main femoral
artery

(c) The syninge 1s then connected to the needle by a length of pressure
tubing to enable the njector to stand out of the range of the X radiation

Fic 83 Femoral arteriogram showng an arterial graft follow
g a tear of the artery due to the fracture of the femur in
a 14 year old boy wath severe multiple 1njus es The graft
subscquently thrombosed

and 20 ml of 50 per cent contrast medium injected as quickly as possible
preferably within 4 sec
(d) By means of a cassette tunnel serial films are then taken along the
length of the imb thus demonstrating in turn the femoral artery the
popliteal artery the tibial arteries and the arteries of the foot
Pressure 1s not apphed to the artery at any time during the injection
as compression of a diseased artery together with the injection of
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contrast medum may accentunte the liability to thrombosis ~ Light
digital pressure for 2 or 3 min after withdrawing the needle prevents
the formation of a pernvascular hacmatoma

By thus method 1t 18 possible to demonstrate

(a) Anatorucal vanations of the vascular tree

Fic 85 Femoralastcriogram showing an artero venous an.urysm
1n the pophteal fossa  There 1s very marked hypertrophy and
dilatation of the femoral and popliteal artertes and the site of
the arterio venous anastomosis 1s well shown

(b) Irregularity of contour of the vessels consisting of small pro
trusions into the lumen  these represent intimal thickening due to
atheroma with or without super smposed thrombus and are especially
common at the origin of a branch where 1t may cause 1 characterstic
constriction of  mpping

(¢) Vartauons in calibre  The calibre of the artery may be mcreased
or decreased although the contour retains 1ts normal smooth outline
An increased calibre indicates hypertrophy of the vessel such as occurs
n collateral branches if the mamn artery 1s occluded or n arteries
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proximul to an irter1o venous fistult Vessels of 1n ibnormally fine
calibre may be seen 1n thrombo 1ngntis obliter tns

(d) Changes 1n the rate of flow

(¢) Occlusion of an artery Thus 15 usually the result of thrombosts
secondary to atheroma The thrombosts which appears clear cut on
the arteriogrim usually spreads proximally to the origm of a branch
artery through which the flow 1s deviated  The collateral circulation
often dilated and tortuous 15 usually shown

(f) The state of the airculation after artenal graft (see Fig 84)

(g) Arterial ancurysm  Care must be taken 1n the interpretation of the
appearances obtained for the aneurysmal sac may be filled with lamina
ted thrombus and the radiographic demonstration may show no more
than a shallow bud from the lumen of the artery

(%) Arterio venous fistula  This conditton presents one of the most
charactenistic pictures n clinical surgery and arteriography 1s not
required for 1ts diagnosis It may be a useful procedure however to
locate the precise anatomical position of the lesion as an aid to the
surgical approach (see Fig 85)

Arterial embolus s a condition with a clear and dramatic history and
characteristic physical signs  Angiography (either aortography or
arteriography) 1s not required in making a correct dragnosts  The
operation of embolectomy should be performed as soon as possible
after the circulation s interrupted and radiological mvestigation will
only 1mpose delay Further though aortic arterial injecttons are com
paratively safe under most circumstances they may cause thrombosis
1n the stagnant column of blood which exists proxmmal to a recent
block In this condition therefore angiography 1s considered to be
contra indicated

(3) Venography of the Leg

The nterpretation of venograms of the leg 1s attended by many
hazards and more than most mvestigations 1s dependent on the tech
nique employed Most investigations carried out as they are
with a view to possible subsequent surgery are directed towards
demonstration of the deep circulation either in cases of varicose verns
or post phlebitic ulceration or more rarely :n acute deep thrombo
phlebitis  Depending on the technique used non filling of the deep
vemns may or may not be of sigmficance In many techniques failure
to fill the deep veins 1s of no clinical significance and certainly should not
be regarded as unequivocal evidence of deep vein thrombosts

The most satisfactory technique 1s as follows

(1) The patient lies supine on a cassette tunnel the hmbis_
empty the superficial veins and a crepe bandage 15 applied
the ankle to the gromn Tourmquets are applied .
above the knee and the foot 1s shghtly elevated abo
table on a wooden block to take pressure off veins
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(1) Injection of 30ml of an opaque medium (prefertbly Hypaque
or Urografin) 1s made wnto tn exsily compressible vein n the foot
preferably on the lateral side

() Films should be taken stmultancously n both the anterior
posterior projection (using the overcouch tube) and the lateral projec
tion (using a portable apparatus)

(1v) After 15-20ml of medium have been injected films of the lower
leg are exposed the above knee tourmquet 18 released and films of the
knee and thigh regions exposed 1s the mjection 1s completed

This whole procedure with a well practised team will take no more
than 30-40 sec

1n most cases of varicose and post phiebitic ulceration the deep veins
will be found to be patent and so a history of deep thrombo phlebitis
1s not necessanly a contra mdication to radical obliteration of super
fictal vances These latter are usually 2 hindrance to an already
embarrassed circulation  1If resection of the femoral vein 15 contem-
plated 1 post phlebitic ulceration venography may demonstrate the
replacement of the normal deep circulation by tortuous leashes of
incompetent blood vessels Widened deep veins demonstrated by this
technique are not necessarily abnormal and should be regarded with
reserve  Simtlarly retrograde flow 1s a normal phenomenon and should
not be regarded as an indication for radical ligation It 1s important
to reahize that failure to fill any particular veins such as the peroneal
popliteal or femoral veins may be due to a failure of technique rather
than decp vein thrombosis Deep vein thrombosis 1s usually likely to
be clinically evident rendering venography unnecessary

(4) Portal Venography

Portal hypertension 1s sometimes due to conditions which are
amenable to surgical mntervention  Such operations as splenectomy
spleno renal anastomosis porto caval phageal
or gastric transection have been carried out with considerable success
m many centres Before successful surgery can be carried out 1t 1s
essentral first to establish a diagnosts of portal hypertension then to
discover whether the cause 15 intra hepatic or extra hepatic and finally
to decide on the surgical procedure to be undertaken

Some cases pass undiagnosed for many years and may present
mitially as a haematemesis due to rupture of oesophageal or gastric
vances The preliminary mvestigation of these cases has already been
discussed 1n the section on the Almentary tract  Varices i these sites
can often be diagnosed as the cause of haematemesis sometimes 1n
cases of repeated hacmatemesis thus giving an ndication of the under-
ymg pathology and of the possible line of surgical treatment No
surgeon will wish to undertake surgery of the portal system even after
full chmeal and Iaboratory investigation ncluding hver function
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tests, without a full knowledge of the anatomy of the portal system
that particular case
Portal venography by direct injection into the spleen at this stage can
provide considerable useful information and 1s carried out as follows
(1) the procedure 1s only carried out when the spleen 15 palpably
enlarged and can be steadied by manual compression
(1) 1t 1s carried out 1n the X ray department where the patient les
on the X ray table
(m) general anaesthesia 1s only used when the patient 1s a young
child In older children and adults infiltration of local anaesthesia
subcutaneously and mto the parsetes 1s carried out
(1v) a wide bore needle and stilet 15cm Jong 1s then inserted nto
the spleen entering the surface about 4 or 5 cm above the costal margin
through a nib interspace usually the 10th or 1ith in line with the apex
of the spleen Thrty millilitres of concentrated contrast medium
(eg 70 per cent diodone 76 per cent urografin) 1s then njected as
rapidly as possible
(v) When the needle 15 1n the spleen the patient 1s instructed to
suspend respiration  If general anaesthesia 15 used the anaesthetist
controls respiration
(v1) the first film 1s exposed as the mjection 1s being completed and
senial films subsequently
The contrast medium thus injected 1nto the spleen enters the splenic
vein mmmediately passes into the portal vein and so into the hepatic
radicles  There 1s no delay whatsoever m this flow  The splenic vemn
usually has 2 gentle curve but may be tortuous The site of entry of the
supertor mesenteric vemn can usually be identified by a  streaming
effect The films taken at intervals after the mjection show the small
ntra hepatic vessels In normal cases the lumen of the splenic vem
15 usually slightly less in calibre than that of the portal vein
By this method the following may be demonstrated
(1) Splenic vein thrombosis partial or complete
(1) Anomalies of the portal vern such as mural thrombr narrowng
due to re canalization following thrombosis or developmental anoma
lies such as a cavernous plexus of vems (see Fig 86)
(1) Intra hepatic portal obstruction with generalized narrowing of
the finer vessels
(1v) Collateral circulation secondary to obstructions at these various
sites e g by pert splenic vemns or by the left gastric vein gastric varices
and oesophageal varices or 1n cases of intra hepatic obstruction by an
umbilical vein (see F1g 86) Where reflux down the nferior mesenteric
Or SUpErior mesenteric veins 1s shown this indicates abstruction beyond
that site
(v} Where surgical intervention in some cases of portal hyper
tension has been carried out and some short circutting operation such



VASCULAR INVESTIGATIONS 145

as porto caval an1stomosis has been performed  the effiercy of that

anastomoss can be shown
In cases where splenic vein thrombosis 1s demonstrated the surgeon
may still require to know whether or not 1 portal ven 1s present nd

Fiu 86 Portal venogram by direct injection into the spleen  The portal vein 1s shown to have
been teplaced by a plexiform mass of vewns the splenic vetn 15 narrow there are pert splen.
vances and gastric and oesophageal varices

what 1ts calibre 15 before attempting to locate 1t This can only be
done at Iazparotomy by njection of contrast medium 1nto one of the
smaller terbutaries of the superior mesentenc vein and taking a film or
films accordingly Films taken under these conditions in the operating
theatre are rarely of the same quahty but can be of diagnostic value
and can contribute materially to the surgical procedure



CHAPTER 9
PROTECTION

Tut creased use of X rays for diagnostic purposes has made pro
tection against X radiation an important consideration Radiologists
and radiographers are trained to practise routine protection methods
m their normal daily work and the greater danger probably artses n
relation to casual users and to patients

(1) The danger to casual users ltes mainly 1 recerving drect radiation
which over the years 1s cumulative and may produce radiation effects
These effects may be leukaemogenic or carcimogenic causing eventoally
the development of malignant changes in that individual or gonadal
bringing about genetic mutations m the germ cells

Surgeons may fall mnto the category of casual users especially if they
are mn the habit of carrying out such procedures as arteriography
Smith Pctersen pin operations operative cholangiography or other
operative procedures requiring X ray control

The code of practice to adopt should be

(a) Never allow any part of the body and especially the hands to be
n the direct X ray beam during an exposure

(b) Avoid scatter radation as far as possible preferably by standing
at least 6 ft away from the direct X ray beam during an exposure

(c) If 1n the habit of conducting many exammations where some
exposure from scatter radiation cannot be avoided for example
operative choiangiography ask the radiologist to test the dose of
radiation being receved

It 1s constdered that a person exposed occupattonally to this form of
1onizing radiation may be permutted to receive up to a tolerance dose
of 031 (rontgens) per week This merely means that to keep within
this dose 1s considered safe but the aim should always be to reduce
the dose recetved to a minimum

It should also be remembered that i some operating theatres some
of the permanent staff such as a theatre orderly may recetve more
constant exposure than visiting surgeons and 1f 1t 1s the custom to do
routine X ray work n the theatre such staff should have continuous
monitoring of their dose rate undertaken by means of a pocket toniza
tion chamber or a standard film exposure service

(u) The danger to patients 1s mainly the cumulative effect on the
gonads which may produce genetic effects not apparent immediately
but which only produce their biological results in the second and third

gener’ulone
14
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The dose 10 the gonids wrises m such cxammitions 1s X riy of the
lumbar spinc (i fumales) pelvis lp cxeretion urography  banum
enema ete A Medica! Research Couneil Report in 1956 recommended
that

(a) during his whole hfe time 1 person should not be allowed to
accumulate more than 200 r of whole body ridintion 1n addition to
that recened from the ntural background and this dose should be
spread over tens of years

(b) a person should not be allowed to accumulate more than 50
of radiation to the gonads n 1ddition to that received from the natural
background from conception to the age of 30 years and this dose
should not apply to more than one fiftieth of the total population of the
country

With this 1n mund 1t 1s worth rememberning that the dose in milh
rontgens admimistered to the gonads n routine examinations while
obviously 1t must vary from department to department 15 probably of
the order

Male Female
Abdomen 70 200
Urography 500 1300
Lumbar spine 130 700
Pelvis 1100 200
Barium Enema 500 500

Repeated exammations i the treatment of conditions like con
gemital dislocation of the hip or lumbar scoliosis 1n a young girl will
soon build up a significant cumulative dose This emphasizes the
responsibility of those concerned with such work The responsibility
of the radiologist and hus staff 15 1o conduct the examnation efficiently
producing a diagnostic result if possible with the minimum exposure
to the patient The responsibility of the chmcian who requests an
X ray exammation must be to have a clear conception 1n his mind what
useful information 1s Iikely to be derived from the 1nvestigation and to
consider that this particular information ss essential to the ptient s
welfare and to his management of the case at that particular trme
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