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SIGNIFICANCE OF TORTUOUS FILLING DEFECTS
AT LUMBAR MYELOGRAPHY

Sren CRONQVIST and CARL AXEL THULIN

The non 1ome water soluble contrast medium Amipaque has been widely accepted
2ad 1s beng increasingly used 1 the examination of the subarachnord space of the
entiee spinal canal Besag water soluble 1t has the capatity to penctiaie Rarrow
spaces permiting demonstration of Ime details details rately or never seen when
olly contrast media or oxygen are used Consequently, fmdings up to now only
rarely observed will be met with more frequently

One such finding 1 the oecurrence of defects with a serpenting appearance 1n the
contrast column Several explinations of these defects have been given and the
recognition of theit natuce 1s tmportant for differential diagnostic reasons

This ab ity 15 found 10 with a marked narrowing a stenosts of
the spingl canal Such a stenosis may be developmental and include the entire lumbar
caral or may be acquired and then secondary to extensive general or local arthrosis
Excessive narrowing has been reported in malformations Iike achondrodysplasia
{De Lancr 1967 GarDAIR cited by SORENSEN & WIRTHLIN 1975) In these cases the
tortuous defects may occupy the entire lumbar subarachnosd space from the medul
lary conus and dow ds 1¢ panding to the of the cauda equina
Most trequently however the defects are found in the presence of a marked joval
rarrowmg due to a local arthrosts or to a large herniation or protruston of a disc
or 10 the simuitancous presence of more than one leston (Fiz 1) Tt has also been
obsered 1n cases of extrs as well as sntradural tumors or maformations (Fig 2
Th:tpculmc appearance ts localized 10 the regron (mmedrately cransal to the

:;m the Department of Diagnost

Radiology Section of Neuroradiolo,
N gy and Department
I s"’Wr:-vy Unnersity Hospital S-22185 Lund Sweden Submitted for publmuoss anbﬁ
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Fig 1

Fig 1_Muluple deformations the lower one due to bony abnormalities the upper to a hernsated
disc Cranially to the hermation irregular course of multiple nerve roots due to compressien and

displacement
Fig 2 causing block Tortuous Nlling defects representing displaced

nerve ropls immedwtely shove the mprer tumor pole
Fig 3 Tortuous filling defects caudally to a herniated disc

narrowed space with an extension from one to several centimeters Rarely 1t may
also appear caudal to the obstruction exceptionally 1t may be restricted only to this
area (Fig 3) When multiple narrowings are present the abnormality may be found
at morc than one level If marked 1tis evident in 1p pa and lateral projections
The defect may appear as one single tortuous strand with a diameter of 2 to 3 mm

possible to trace 1n 1ts entire course within the contrast column or confined to both
sides of the narrowed region (Fig 4) In the cranial direction it eventually 1ssumes
a more regular form taking a strught course and runming along the longrtudinal
axis of the spinal canal More often multiple defects of the same type e found

with the individual components still possible to distinguish In other cases the defects
are excessive formmg 1 mass with an rrregular appearance This m1y be so marked
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Fiz.4 Fig 5

Fig 6

Fig 4 Psctiad block due to hermated disc an the midline Tortuous fifling defects representing elong
ated nerve roots both below and above the hermnation

Fig S Wermuated disc caustag @ partul block wath only droplets of contrast medim close fo the
black Leregulac defects extending crannally for a long distance

Fig 6 Parual block with tho tortucus Illing defects representing clongated nerve yoots They are
wibie 1ns therr entire course 2bove and befow the blovk as well as at the level of the Back

that the contrast medrum wathin the alfected region appears anly as separate small
iereguiar droplets (Frg §)

Defects of the kind desenbed may be caused by abnormal or displaced nerve roots
or by a sascular abnormality such 2s an artenovenous malformation or a venous
anpoma The posstbility of congested or vaceose vens must 2lso be considered
{Tariras & Dacton 1961)

At thes radiologre department tortuous filing defects i relation to a lowal stenosis
or narrowmg of the sprnal canal hase frequently been found at lumbar myelography
However the wmpression paned 1s that the torivosity may be of two different types
©One nype ppears to be due to elongated nene roots another type to normal but
Suplaced nenve roots The hirst mentioned abaarmality has been tefetred to as voot
cadundancy (Crisswan & PawL 1968) Only a few such cases have been described
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Fifteen have been found in the terature (VeRmirsT 1954, HANRALTS 1959, Crissman
& PAwL, Scuur & GROFr 1968, Fox 1969, LoueArDI 1969, Ennt et coll 1970
GULATI & ROUT 1973, SORENSEN & WIRTHLIN 1975, VARUGHEST 1976 PAU & TURTAS
1976, konbo et coll 1978) In the textbook on neuroradiology by Tavrras & Woon
(1964) such n case 15 1llustrated  An dditiona] 5 cases have recently been published
by one of us (TBULN et call 1978)

The tortuous course of a nerve root 1n the spinal canal has n these cases been
suggested to be a result of its elongatton More than one root may be affected and
then form an trregular mass at myelography Whether redundant roots are to be
considered a pathologic entity or a normal varittion 15 1 matter of discussion In
all published cases but one (Enni et coll) some other types of abnormaity of the
spinal cnl have also been present and all these pattents had symptoms and signs of
scgmental deficit of the cuda equina The exceptional case reported by Lt ct coll
had no symptoms from the Jumbar region which at mvelogriphy, except for the
tortuous filling defect, was considered to be completely normal The myelography
i this case was performed because of suggested cervicil myelo tnd radiculopathy
No operation was performed and the finding was not confirmed This case favours
the suggestion that redundaney of nerve roots 1s a normal vanation So does abo
the observation that 1 tortuous filling defect sometimes can be traced nlong its
entire course both abave nd below 1 local stenosis (Fig 6) Thus the simultaneous
occurrence of other 1bnormalities than tortuosity may be purely 1eadental (Fig 7)
On the other hand, 1n more than 200 myelographics of the thorieic ind of the cervical
region tn which also the lumbar regton was included in the cxammation no redundant
roots were observed

In 5 cases root redundancy was confirmed at operation In 3 cases they were
visible after opening the durt In 2 the dura ruptured spontineously during the opera
tion at the site of the puncture for the pre operative miyelography, with the rools
suddenly emerging The number of clongated roots varted from one to 5 In all cases
the spinal canal was locally narrowed due to lnminar thickemng a hypertrophic
flaval lignment or protruston or herniation of an intervertebral disc At myelography
the local narrowing caused only « parual block 1n one case and contrast medium
appeared below above and At the level of the narrowed space In two c1ses the
block was more marked with medium only above and below while in the 2 remaining
cses the block w1s complete

In the majority of the present cases the tortuous filling defects were more evident
with most or all of the nerve roots involved Occastonally one or two of these were
more tortuous than the others (Fig 7) In all cses a marked partial block cxsted
whichi the contrast medium passed with difficulty Almost regularly the serpentine
defects occurred only when the block was due to an indentation located ?nieriorly
or posteriorly in the midline The defects were sometimes found at several levels 1n
cases with multiple local stenotic parts but this was not obligttory They were
occasionally found only at onc level and then always related to the most cramally
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Fig 7 Fig 8 Fig. 9

Fig 7 Torwous filling defects cransally 10 a partual block Two of these run for 2 long distance
together with nenve roots having an ordinary course Al operation a protruded disc was found with
ompressed nere roots 1a addition 10 2 few clongated ncrve roots

tig & Mulnple defects duc 1o protrusion Above the most cramal onc a tortuous filing defect
represents an elongated nerve root Ordinary longitudinal course of other nerve roots

Tig 9 lrregular tortuous filling delects restnicted 10 3 small area caudally to a partial block re
present ng congested seins Ordinary course of nerve roots above and below the block

situated (F1g 8) In some of these cases the dura was opened at a subsequent opera
tion but 1n none could a true elongation of the nenve roots be observed The observa
tons at operanon and at myelography suggest the tortuosity to be secondary to
dsplacement tn a cranial direction of the nenve roots which then due to the decreased
space manlable became tortuous However 1n the indwidual case 1t may be impos
sibic to distingutsh between redundant and displaced nerve roots at myelography
The fact that sometimes one or two displaced roots appeared more tortuous and
clongated than the other roots micht be constdered to mdicate that the two types
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1¢ the actually elongated roots and the compressed and displaced roots, may occur
simultaneously

The roentgenologic differential diagnosis between the two different forms of nerve
root abnormalities m1y be essential from a clinieal pownt of view In the present §
cases of confirmed root redundancy as well s 1n the cases reported by konpo et coll
and also by other authors the elongated nerve roots may oceupy much of the intra
dural space, forming 1 mass necessitating a dural decompression with a subsequent
dural graft However, ail of the present cases and all but one of the cases reported
i the literature have 1n addstion to the tortuous filling defects also local narrowing
expluning the symptoms and signs The simulanty between the now described ab
normalities and those encountered 1n connection with artersovenous malformations
15 evident and 1n no luss than 5 of the 15 previously reported cases with root redun
dancy an erroncous pre opcrative dirignosis of arteriovenous matformation had been
made (CREssMAN & Pawr Scut & GROFT, LOMBARDI Fox SORENSEN & WIRTHLIN)
In 2 of these cases 1ngiography was performed without 1ny arteriovenous malforma
tion bemg found (CRissuAN & PAwL, SORENSIN & WIRTHLIN) In § cases m the
present material the tortuous filling defects were of such 1 character that from 2
roentgenologic point of view a differentitton could not be made prompting 1 selective
angiography of the lumbr arteries In none of these 8 cases was an rteriovenous
malformation demonstrated

A conclusive differential diagnosis based on the myelographic findings seems fo be
impossible However the stmultineous presence of tortuous fillhing defects and a
local narrowing of the cnal suggest the nature of the defects indicating another
pathology than an arteriovenous malformation

In 2 few of the present cses sumilar Illng defects have been observed Jocated
below a local stenosts In these cases a local stasis of the veins may be consdered
as well as the presence of varicose veins or a ventous angioma (TAVIRAS & DALTON)
(Fig 9) However such lestons have been extremely rare at this hospital

In concluston tortuous filling defects are Irequently found at lumbar myclography
and appear to be related to a general or localized stenosis of the spmal canal In
exceptional cases truly clongated nerve roots have been observed at the operation
It has been discussed whether such an elongation 1s a congenital malformation
(PAU & TURTAS) or 1 pathologe entity In the magonity of cases the defects appear
to be due to nerve roots displaced 1n a cranial directton from 1 narrowed part of the
canal The filhing defects are similar to those having 2 vascular ongin of which the
arteriovenous malformations are of p irticular interest In order to avoid unnccessary
selective ngiography of the Jumbar artenes the recogmtion of the true nature of
the defects 1s important The simultancous occurrence of a sienotic or Jocalized
narrowed canal and tortuous defects related to this narrowing favours nerve roots
as an explanation of the myelographic appearances and no further cxamnations
should then be needed
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SUMMARY

ty occur in the presence ofa
Jumbar myelography tortwous filling defects {requent

maAﬂ‘(e;Toc:: nazm\\mg of the spinal canal Ths may lead to a disptacement and com‘srcs-
si0n of nerve roots which may partially or completely Till the subarachnoid space dm
ever iruly elongated nemve roots have alsa been obsened both at myclography an :1'
operation Such efongation appears to bea ¢

the true nature of tortuous filling defects ts with regard 1o aganst
t and d veins
ZUSAMMENFASSUNG

Ber der lumbalen Myelographie treten oftmals windende Fullungsdefekie auf ber dem
Vorliegen emer kraftigen lokalen Verengerung des Spinalkanals Dieses kann zu einer Ver
tagerun,, und Kompression der Nenenwurzeln fubren welche partiell oder komplett den
Subarachnordairaum ausfullen konnen Echte verlangerte Nervenwurzeln sind yedoch auch
beobachtet worden sowohl bei der Myelographie wie der Operation Eane solche Verlin
gerung scheint emne k i bildung zu sein Die F 1 der wirkhichen Naiur

von windenden defekten it b 1 hinsichthich der A

arteriovenosen Malformationen und gestauter Venen

RESUME

Au cours d¢ [a radiculographie lombatre on constate souvent des défauts d opa ification
tortueux dans les cas de retrécissement Jocal marqué du canal rachidien Cec) peut aboutir
4 un déplacement et 3 une compression des racines nerveuses qu peuvent remplir partietie
ment ou completemnent | espace sous ara hnofdien Cependant on a auss: obsenvé des racines
nerveuses reellement allongees ausst bien & 13 radiculographie qu & 1 opération Cette efon
gation parait etre une malformation 3 Hest favéntable

de
nature des defauts d opacification tortueux pour fe diagnostic differentie] avec les mal
Tormations artério veineuses et les vemes dilatées
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1¢ the actually elongated roots and the compressed and displaced roots, may occur
simultaneously

The roentgenologic differential diagnosis between the two different forms of nerve
root abnormalities my be essential from a clmical pomnt of view In the present §
cases of confirmed root redundancy as well as in the cases reported by koxpo et colt
and 1lso by other authors the elongated nerve roots may occupy much of the intra
dural space, forming a mass necessitating a dural decompresston with a subsequent
dural graft However all of the present cases and all but one of the cases reported
1n the literature, hive 1n addition to the tortuous filhing defects also local narrowing
explaining the symptoms and signs The similanity between the now described ab
normahties and those encountered in connection with arteriovenous malformations
15 evident and 1 no less than 5 of the 15 previously reported cases with root redun
dancy an erroneous pre operative diagnosts of arteriovenous malformation had been
made (CRESSMAN & PawL ScHut & GROFF Lomparpi FOX SORINSEN & WIRTHLIN)
In 2 of these cases tngography was performed without any arteriovenous malforma
tion being found (CRLSSMAN & PAwL SORCASEN & WIRTHLIN) In 8 cases mn the
present material the tortuous filling defects were of such 4 character that from a
roentgenologtc point of view a differentiation could not be made prompting a selective
angiography of the fumbar arteries In none of these 8 cases was an arteriovenous
malformation demonstrated

A conclusive differential diagnoss based on the myelographic findings seems to be
impossible However the stmultaneous presence of tortuous filling defects and a
local narrowing of the canal suggest the nature of the defects indicating another
pathology than an arteriovenous malformation

In 1 few of the present cases similar filling defects have been observed located
below a local stenosts In these cases a Jocal stasts of the vetns may be considered
as well as the presence of varicose verns or a venous angiom (TAVIRAS & DALTON)
(Fig 9) However such lestons have been extremely rare at thts hospital

In concluston tortuous filling defects are frequently found at lumbar myelography
and appear to be related to a general or localized stenosts of the spmal canal In
exceptional cases truly elongated nerve roots have been observed at the operation
It has been discussed whether such an clongation 1s a congemtal malformation
(Pau & TurTas) or a pathologic entity In the majority of cnses the defects 1ppear
to be due to nerve roots displaced 1n a cramal direction from a narrowed part of the
canal The filing defects are stmilar to those having a vascular origin of which the
arteriovenous malformations are of particular interest In order to avord unnecessary
selecive angiography of the lumbar arteries the recognition of the true nature of
the defects is important The stmultaneous occurrence of a stenotic or localized
narrowed canal and tortuous defects related to this narrowing favours nerve roots
as an explanation of the myelographic appearances and no further examinations
should then be needed
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SCINTIGRAPHY OF INDUCED MYOCARDIAL
INFARCTS WITH #Tc GLUCONATE

H LuspQuist R LEwANDER J Rals and B Sarey

Duning the past few years several 1sotopes have been used to detect myocardial
infarcts Recently a new 1sotope **Tc™ gluconate has been mvestigated 1n expen
mentally induced myocardial infarcts 1 dogs (AHLBERG et coll 1978) The affimity

of this compound for 1sch. d; was high and the uptake well cor
responded to the extent of the dal myury d d at py This

feport presents an eval of #Te™ gl for d of induced myo-

cardial mnfarcts 1 vivo and an estimation of the infarct weight using a gamma
camera connected on line to a computer

Matenial and Method

The glyconate complex was prepared with the techmque previously described
(AHLBERG et coll ) The material consisted of 5 adult mongreal dogs weighing between
10 and 30 kg The ammals were anaesthetized with intravenous phenobarbital

b

and lated 1 an AGA with O, and N,0 1n combination
with pancuron bronude and 1 1,

P it ly In 4 dogs a
coronary artery was occluded using a catheter techmque described by Szavost

{1972) and modified by AHLBERG et coll The effect of the coronary occlusion was
controlled on the ECG and at repeated coronary angiographies The blood pressure
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approximate weight of the ischaemic myocardwm 1 the tissue block was then

calenlated  Further details of the procedure have been descnibed previously
(ANLEERG et coll )

Results

In all dogs the myocardsal snfarct could clearly be dumonstrated on the gamma
camera image already at six hours followng the coronary artery occlusion (Fig 1}
The mfarct corresponded to an area of increased 1sotope actvity superimposed on
the b d rad from the parts of the heart The localizatton
and wre of the wharcy could toughly he estimated an the woage o the dog without
coronary astery occlusion the 1sotope actvity from the heart appeared uniformly

dispersed

After the 1sotope injection the nise of acuwity was followed by a rapid deerease in
the norml myocardium and the lungs However 1 the infarct region the decrease
was much slower with a maximum difference betreen the activities m the snfarct
region and normal myocardium about 3 h after the 1sotope ngection (Fig 2) The
Tato between these activitses mncreased successively during the expenments with
maximum values between 20 ] and 45 1 {Fig 3) On correction for the blood
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Fig 1 Gamma camera tmage (analogue
image from oscilloscope) in lateral pro
Jection Uptake of #Tc™ gluconate m
an mfarct 6 h after coronary artery
occlusion  heart border - infarct
region +> ltver boundary

and ECG were recorded throughout the expertments The remaimng dog served
as a control without mnduced myocardial mfarct but otherwise run in the same way
as the other 1mmals The scintigraphy was performed with a General Electric
gamma camer1 connected on line to an Intertechmique Cine 200 computer Tb
recording was made with a mgh resolution colltmator and an tmage matrix of
64> 64 cells Three to four hours after the coronary artery occlusion 10 mCy ¥Te”
gluconate was injected intravenously The transport of the 1sotope bolus through the
heart and the large vessels was recorded at serial scintigraphy 1n ntersals of two
seconds to identify the heart chambers and the aorta An mdex system was used to
outline five rectangular regtons of mnterest the mfarct the normal myocardum the
lung the hver tissue and the blood background measured over the orta These
regions were stored as reference 1reas for the subsequent 1sotope analysis In order
to quantitate the 1sotope uptake mn these regions the gamma camera system Wwas
calibrated immediatly before each expertment with a standard activity in a phantom
sumulating the actual conditions of the in vivo measurements Every hour after the
1satape myection analogue nd digital gamma camera 1mages were taken with an
expastre time of 100 s or multiples of 100 s corresponding to about 510 counts
Blood samples for determination of the clearance of the **Tc™ gluconate were
collected as well

The ammals were rapidly killed by terruption of the artificial resprration
12 to 14 h after the coronary artery occlusion and the heart was immediatly removed
from the thoracic cavity The myocardmum corresponding to the territory of the
occluded 1rtery was cut out weighed and saved for microscopic estimation of the
extent of the 1schiemic lesion expressed 1n per cent of the excised myocardium The
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Relative activity
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weight of the 1sct di in the tissue block was then
ak hard
calculated  Fusther details of the procedure have been p ly
{AMLBERG et coll)
Results

In all dogs the myocardial mfaret could clearly be demonstrated on the gamma
camera mmage already at six hours following the coronary artery occlusion (Fig 1)
The infarct corresponded to an area of increased 1sotope actwvity supenmposed on
the background rad from the parts of the heart The locahization
and stze of the infarct could roughly be estimated on the mage In the dog without
coronary artery occlusion the 1sotope activity from the heart appeared umformly

dispersed

After the 1sotope injection the rise of acttvity was followed by a rapid decrease 1n
the normal myocardium and the lungs However in the infarct region the decrease
was mych slower with 2 maximum difference between the actviies mm the infarct
region and normal myocardium about 3 h alter the 1sotope wjection (Fig 2) The
atio between these activities tncreased successively during the experiments with
maumum values between 20 1 and 45 1 (Fig 3) On correction for the blood
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Mazimum uptake In infarct
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background the maximum actvity of the jsotope 1 the infarct was found to
oceur 6 1o 8 h alter the coronary artery occluston (Fig 4) The maximum actvities of
the infarcts of the 4 dogs differed considerably However the activities were closely

fated 10 the d weights of the corresponding infarets
(Fig 5) The correlation was destroyed if the infarct weight was not corrected for the

extent of the leston In the control ammal no local increase of 1sotope activity i the
heart could be recorded

The effective hall time of the blood clearance of *¥Tc™ gluconate was approu
matly 30 mm (Fig 6) The accumulation of the 1sotope compound in the Liver was
rapid The maximum uptake was high (0 10-0 37° ) and was reached after 2to 3 h

following the 150tope mjection In the control dog the maxtmum 1sotope accumula
tion 1n the hiver occurred after 4 hours

Discussion
The req of 1sotope pounds for gamma camera imaging of myo
cardial mfarcts are a high forr h d

! cells no
retention 1n adjacent organs and a fast reduction of blood elearance which imphes a

gh ratio between the activity in the damaged myocardium and the surrounding
uissue Currently used 1sotope compounds for positive mfarct scannng all have a
Igh affinity for myocardial infarcts The primary disadvantage with the phosphate

15 the non ) 1e \!

m the skeleton as well as in the
uschaemue myocardium with Tagh 1sotope activities 1n the rrbs Supenimposing on the

heatt This renders the quantitattve anal.
lysts of the activity yn the
impossible However *Te™ gl and ¥Tc™ h i , ng:c:rd’al et
P 0
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m the skeleton, thus making quantititive measurements posstble (FiNk Bisset
et coll 1974, Rossuan et coll 1975) A high uptake of ®Tc™ gluconate oceurred i
the hiver It was closely time refated to the uptake in the ischacmic myoeardim inall
dogs An mfarct n that part of the heart facing the draphragm may therefore be
superimposed on the liver and overlooked This error can be avoided if gammn camerd
images 1fso 1re t1ken mn projections tangential to the draphragmatie border between
the heart and the fver

The accumulation of the 1sotope compound 1 irreversible myocardsal cells 18
supposed to be caused by 2 redistribution of electrolytes beginming 4 few hours
after coroniry artery occlusion (SHrN & JENNINGS 1972) These changes comcide
with the accumul ttron of ®Te™ gluconate tesulting i 1n ncreasing ssotope ctivily
in the infarct region until a maximum 1s reached at about 7 hours At this ume
neutrophil infiltration and cell necrosis with oedemn in the irreversibly injured
myocardium have started During the progression of this process the 1sotope uptihe
gradunlly decreases Thus the accumulation of *Te™ gluconate i the heart cells
probably depends on the redistribution of electrolytes in the carly phase of irre
verstble 1schrenun and 1s not correlated to the ensiing process of cell destruction

In all dogs there was an exponential decreasc of the activity of »Te™ gluconate
the blood due to simult1neous climuintion through the hidneys mnd necumulation
in the liver The optimum time for imaging infarcts in does 1s about 3 to 4 h after the
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1sotope jection At this period the difference etween the uptake in the infarct and
the surrounding tissue reaches 2 maximum A close correlation was found between
the maumum 1sotope uptake in the ifarct regions and the microscopcally corrected
nfarct weights Quantitative measurerments of the uptake of Tc™ gluconate in the
infarct area with gamma camera techmique may be a way to estimate the size of the
infarct However the correlation line between the 1sotope uptake 1n the infarcts and
the corrected infarct weights did not itersect origo This 1s due to a systematic error
In the microscopic assessment of the extent of the infarct insaniably the values of the
corrected tafarct wesgths became too high Further details concermng the procedure
of have been d p ly (AHLBERG et colt) The accumulation
of *Tc™ gluconate in the hiver was fugh 1n all expenments This contnbutes to the
rapid decrease of the 1sotope compound 1n the blood and may be the reason why
the gamma camera 1mages of the infarcts are clearly demonstrated

SUMMARY

A new 1sotope compound »T¢™ gluconate for detection of myocardial infarction has
been tested in dogs A close correlation was found between the 1sotope uptake measured

m vivo with a gamma camera and the infarct weight of early irreversible myocardial
infarcts

ZUSAMMENFASSUNG

Eune ncue Isotopenverbindung  *Te™ Gluconat wurde zur Feststellung emes Myokard

infarktes ber Hunden untersucht Eme enge Korrelation zwischen der Isotopenaufnahme
Temessen in vivo mit emer C und dem Infark hi

emnes |
wrreversiblen Myokardinfarktes wurde gefunden

RESUME

Un nouveau compose tsotopique le gluconate de #Te™ 2 éte essaye pour la detechion d

lnfarctus myocardique sur des chiens Les auteurs ont trouve une corrélation étroit e
fa fixatton 1sotopique mesuree 1 vive au moyen dune gamma caméra et | > =de i
Linfarctus dans les infarctus myocardiques mrreversibles précoces € le pouds de
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PULMONARY SYSIEMIC FLOW RATIOS IN ATRIAL
SEPTAL DEFECT ASSESSED BY VENTRICULAR VOLUME
MEASUREMENTS

H G RiNGERTZ P STaNGER and E Carusson

The maemtude of the left to nght shunt 1n patients with an atrial septal defect 1s
often expressed by the ratio between the pulmonary and the systermic blood tlows
The measurement of pulmonary and systemic blood flows by the Fick method
requifes accurate of oxygen c P as well as of pulmonary
antensal systems artenial and representatnie mixed vendus oxygen contents In the
presence of left to nght atnal shunt th= Jatter may be unobtamable Consequently
systemue flow may be derably in error In addiion relatively
small errors n the measurement of oxygen coatents may cause Major erroes in
pulmonary blood How calculations particularly mn patients wath large left to nght
shunts where the pulmonary arteriovenous oxygen content difference 1s small (Frawag
et coll 1969 LANIER et coll 1975) The present communication describes a radio-
graphie method for esumating pulmonary systemuc {low ratios m patients with
atrial septal defects and compares these measurerments with values obtamed by the
Fiek technwue Such a combined method might corroborate otherwise questionable

or disclose d which would then require further explotation

Supported 1n part by National Heart and Lung Institute Tramning Grant sn Card,
Togy HL 05824 Subrmtted for publication 10 Apnl 1978 ® Grantin Cardiovaseulir Radio-
AcaRd 1z alog ssDUIINF ¢ 4

51
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The nght ventrniculir—Ileft ventricular stroke volume ratio s equal to the pu!
moniry—systemic flow ritio When the shunt through an atrial septal defect s
exclusively left to right, the difference between the night and the it ventricular
stroke volumes 1s equai fo the shunted volume per cardite cycle

It hns previously been demonstrated (CARLSSON et coll 1971) that similar values
for right and left ventricular strohe volumes cin be obtained by cmecrdioangio-
graphic mewsurements in pitients without shuats or vahar wsulficiencies Using the
same techmque right and left ventricular stroke volume measurements were made in
28 patients with treal septal defeets and were compared with pulmonary and systeme
flow mesurements by the Fick method

Material and Methods

During the pertod My 1969 to December 1974 28 patients wath isofated secundun
atreal septl defects 1e without otlier shuats or valv e msufficieneies which nught
affect stroke volumes were cathieterized at this hospral Three of these ptients had
shghtly deformed mutril valves without wsufliciency 6 had muld pulmonic oy
gradients but without ngtographic evidence of pulmonic stenosts 15 of the 28
ptients were females The 1ges of the patients ranged from one weeh to 71 years
with an werage of 10 yeirs wd 1 medin age of 4 years

All patients underwent right and left henrt cathetenization Biplwe cecardio
wngtogriphy wos performed with contrist medwm myection mto the nght ventrch
and assessment of the left ventricle during the lovophase Chest films (p 1 wnd lateril)
obtuned within 1 week of the catheteriz itton were wulible in 15 patients

Pulmon iry wnd systemie flows were measured by the Fich method using 2 measured
oygen constmption 1n 10 ¢ 1ses and an issumed oxygen consumption (Firk et coll
1974) w2 18 Dxyeen comtents were caleuldted usimg oxygen sy on yilues wda
capietty bised upon hemoglobin concentritton 1s measured by the cy mmethemo
globin techmique Oxygen situritions were measured either by 1 AQ oximeter of
denived from pH corrected PO, values using an oxyhemoglobin dissocrition nomo
grum (SIVIRINGHAUS 1958) When PO was obtuned the denved saturation was
used for flow cilculations i preferunce to oximeter vijues

Pulmonary irtertovenous oxygen differences were obt uncd using samples from
branclt pulinanary actery and an appropei it left sided smple In the bsence of 1
rght 1o left shunt o mixed pulmonary venous oxygen content wis abtuncd by left
ventricular or systemtc arterral sanipling In the presence of 1 nipht o left atrl
shunt 1 sample was obtained dirctly from 1 pulmonary ven Rught to left atruat
shunting wns constdered to be present if systemic rternil oxygen stterition or ten
ston was low or less than pulmon iry venous situration

Systemic 1rteriovenous oxygen differences were obtuned using left ventriculyr or
systemuic arterinl sumples and those obt uned i the veric cavae Caleutations using
the vilues {rom the supuetor vent civi were performed 1 all cases In 1S patents
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Table 1
Ranges for the cardiangiograpine vofume data of the 28 cases

Right ventricle  Left enticle

End diastolic volume (EDY) 32-173 ml 13-76 ml
End systolic volume (ESV) 9-76ml 4-33ml
Stroke volume (SV) 23-105 ml 849 ml
Egection fraction (EF) 4476 3-n

1n whom values from the inferior vena cava were available systemic flows were also
caleulated using values both from the superior and snferior vena cava by the method
of RioGe & HARRISON (1970)

The radiography was performed using a biplane 16 mm General Electric cinesvstem
with 60 frames ot second 10 each plane exposed alternately The volumes of the
ventricles at end diastole and end systole were calculated according to the method
of GoERaE & CARLSSON (1967) and included correction for night ventricular filing
tume (CARLSSON et coll ) The corrected end diastolic right ventnicular volume was
calculated as the sum of the uncorrected end systohic volume and the corrected stroke
volume The relative enlargement of the right ventnicle was expressed as the ratio
between the corrected night and left end diastolic ventricular volumes The vatio
between the corrected nght and left ventricular stroke volumes was us d as a measure
ment of the pulmonary to systemic flow ratio Ejection fractions were calculated as
the ratio of uncorrected stroke volume to uncorrected end diastolc volume The
total cardiac volume was calculated from the pattert s pa and lateral chest films by
the formula of RINCERTZ et coll (1966) These volumes were compared with the
expected normal heart volume (RINGERTZ et coll } as calculated using the patient 5

body surface areas (Du Bois & Du Bots 1916) In the present matersal these areas
varied between 019 and 169 m

Results

Table 1 summarizes the angiographic volume data for the 28 cases and wncludes
ranges for night corrected and left ventricutar end diastolic as well as end systolie
volumes corrected stroke volumes and ejection fractions

The ratio of the angiographic right and left ventricular stroke volumes (Vg {SVyy)
and the Fick pulmonary to systemc flow rato (Qp/Qs) and the relative right ventn:
cular enlargement vaned between 097 ard 292 1 00 and 386 and 106 and 4 32
respectively Values obtamned by the two different methods of 1ssessing pulmona
to systemtc flow ratio are plotted in the Figure The regression equation 1s Qp}Q;Ly
090840 675 SVgy/SVye with £ having a value of © 491 vAn 1deal fit would have be
Tepresented by the equation Qp/Qs~0+] SVe/SVev and r=1 In the 15 casesel:
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which the contents of the mfersor vena cava were available the correlation was
constderably better when both these values were used than when only the contents
of the superior vena cava were used (r=081)

In order to 1ssess the effect of the shunt size on the ejection fraction the cases
were divided 1nto three groups of nearly equal size according to the magmitude of the
right ventricular ejection fraction The averige and standard deviation of stroke
volume and end dinstolic volume rattos were calculated for cach group The results
for the right and the left ventricles 1re presented m Table 2 An mnverse relitionship
was found between shunt size and right ventricular ejection fraction 1¢ the Inrgest
shunts had the smallest efectron fraction In contrast the left ventricular cjection
fractions were normal (> 50°) in all cases but one A plot of ejection fractions for

different ages demonstrated no relationshtp
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Table 2

Rught and feft centricular ejection fractions

Rightsen  No of Stroke Enddiz  Leftsen  Noof Su[oke E':Ldla
weder s volwe  stole  tnlar e olume sto
eection raha volume cection ane sol D'"‘
fracuon{ ) rano fracton ( ) rau
% N 2346 1758 <64 10 19%5 2046
56-65 10 186 227 6470 10 21%6 25%9
i 9 168 17£5 =70 8 1524 17443
Table 3
Heart diameters
e Heart A Box B Expected  Volume
No damerers wolume volyme rato
{emy [ ) (Y
1 45 34 s 58 96 060
4 66 51 45 151 151 096
§ 74 52 54 208 m 694
6 39 €3 59 381 «2 177
ks 9 59 $3 W 28 29
19 89 59 59 it 4 096
14 91 76 73 505 68 137
16 924 74 64 5 a6 to7
17 105 81 65 94 450 132
13 104 94 60 587 53 110
21 ng 96 74 850 619 13
22 109 37 84 77 598 133
s neé 91 93 982 875 112
2% 160 144 03 2373 986 241
27 139 11 95 1466 1065 138

The cbserved eardsac diameters measured on pa and lateral views are presented
m Table 3 In addiion are gven the observed box vatume and the corresponding
calculated volume assessed from the body surface area using the formulae gnen by
RINGERTZ et coll Finally the observed and caleulated totaf heart volyme ratio 15
given The regression between this ratio and the stroke volume rago has 2 posttive
correlation with r=083 When the corres,

ponding coefficient was calk
10 flow ratio 1t was found to be 0 85 wlested wlatn
The correlation coeffictents ase summanzed 1
n Table 4
e o e 4 The significance of each



582 ¥ G RINGEIRYZ, P STANGIR AND L CARLSSON

Table 4
Correlation coefficients for tarous combuations of flons and cardiac toluntes

No of  Stcke Tlow
cases volume rato
ratio
Flow ratio 28 049 —
Right ventricufar enlargement 28 091ee* 053
Total heart volume 15 0B3ee 085+
Right ventricular ejection fraction 28 ~024 -042*
Lelt ventricutar ejection fraction 28 -018 -0
Infector veng e Flaw
corrected flow ratro ratio
Strake volume rtio 15 0850 0814
* p<00s
* poon
*sp 0001
Discussion

Unui recently cardiongiopraphic measurenments of ventncufar volumes have Been
confined Inrgely to the left veatriele The left ventricular ety 15 more regularly
shaped than that of the right ventricle thereby allowing ipproximanon of a mmage
able conventional geometnc shape

Volume measurcments on post mortem ventricubir casts (REDY & CHARMAN 1963
GOrRRE & CARLSSON GRAHAM ct coll 1973) 1s well as comparative nght and telt
ventricular stroke volume calcultions where the strohe volumes of tie right and left
vettereles 1we know n ta be equal (CARLsSON et coll ) It ive shown that right ventnenlar
\olutmes can be calculted with imost the sime iccuricy Js that of the Ieft ventricle
Ventriculr systolic volumes are generally more hifficult 10 measure by cirdiongto
grapluc methods than the diastohic volume beciuse the contour marpms are fess
clear and the shape more rregular In addition fewer systolic post mortem casts aré
avavable for regression analysis Therefore stroke volume meisurcmients swhielt
require both systolic and distolic volume me1surements M1y be Jess 1ccurite than
gastolic yolume metsusements alone However amy stitement on this pomt will
femmn speculative until more complet. cast meisurements or other methods {of
evaluation of the validity of ventrcular volume determination become wulible
Marurw et cofl (1976), w 2 ciediatnglographic investigation of ventricular re
sponse t0 volume overford found 1 conustent overestimate of pulmoniry and
systermic blood flow measured by the Fick method 1s comp tred to meisurcments
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of the ventricular volurre However nght 10 feft ventnicular stroke volume ratios
correlated well with the Fick flow ralios because both systemic and pulmontc flows
increased proportionally when meastred by the Fick method

Ihe comparative measurement of 1he stroke valumes of the two ventricles requires
selection of beats that are not ectopic 05 postectome in other words the two ventrcles
st be measured 1n o stawlar functional state or +f they are measured sn different
Tunctional states the result of the measurements must b~ corrested for thus dif
ference  Brentricular measuremenis Tequite as 3 rule the wngection ol contrast
medmm 1nto the nght ventncle The {function of this chamber 1s thereby often dis
turbed multiple extra systoles may occur and 2 beat after an extra systole may be
measured The left ventnicle on the other hand which 15 measured not until the
contrast medwm has passed the put Yy it 15 ROt g i q

cally subj to
such disturbances Consequently the night ventnicular volume was normalized agamst
that of the left veninicle As a tool for such normalization the effeciive drastohic Iilting
ume was caleutat d by counting the number of cineradiographic frames dunng which
filling occurred The ratio between the fdling time of the two ventncles was used for
cortectian aof the actual measured diastolic nght veatrwular volume Such an ap-
proach has been found empincally to tesult i an improved correlation b tween
stroke volumes in patieats with known equal stroke volumes (CARLSSON et colt )

Tn patenits with larger shunts the ¢jection fractions measured were found to be
smaller than those 1n patients with smaller shunts This could be the result of errors
10 the measurement of large venin~l s but 1t s also possible that the myocardum

of the nght ventnicle was sulferning and that therefore the ejection fractions were truly
diminshed

The correlation between the right ventricular~left ventricular stroke volume ratjos
on the ofic hand and the pulmonary to systemc blood flow ratios as obtamed by the
Fick method on the other 15 staustecatly significant 1 the 28 patents (p<001) In
the 13 patents in whom blood samples from the superior and inferior venae cavae
were avarlable for estimating systemic flow the correlation coefficient was 0 8]
(p 0001) when the sample from the superior vena cava alone was used for calcula
tion When samples both from the supenor and the mfenor venae cavae were used
for the {low caleulauon (Rivce & Harrisoy 1970) the correlation coeflicient was
085 In these 15 patrents the differential nght and left ventricular measurements
are quite simular to the left to nght shunt, 33 obtasezd by the Fich method nowever
these are some notable discrepancies between the two methods Tn one case jor
tmstance the Fiek method gave a flow ratio of 386 while the cardioangragcaph;

stroke volume ratio was only 129 The chest film demonstrated enly a thgﬁu;;

enlarged heart with shghtly sncreased pulmonar,
y vascularty The measu,
the 15 patients for whom chest frims were available show a o

103 {r~091 p< 0001) between the total heart volume 2
as measured by the stroke volume ratios It 35 reasonable
measurements in this case are closer to the true values tha

Tughly sigmficant correla
nd the left 10 night shunt
v conclude that the volume
1 are the blood gas analyses
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particularly since the other diagnostic findings and the patient s climcal condition
were more compatible with a small than with a large shunt

In one case no difference between the pulmonary and systemic flows as measured
by the Fick method existed the ratio being 1 This appears to be a blood sampling
problem as a left to night shunt was demonstrated on the levophase of the nght
ventriculography The cardioangtographic measurements show a stroke volume ratio
of 125 indicating a small shunt

In 5 patients the stroke volume measurements ndicated a considerably smaller
left to night shunt than was indicated by the flow determinations In these patients
the end diastolic volume ratios were closer to the shunt values found by the Fick
method than were those calculated from hic stroke volume measurements
In each case the right ventricular ej~ction fractions were fess than S0 per cent All
the other patients had ejectron fractions larger than 50 per cent If the volume measure
ments were accurate this explains the discrepancy between the end drastolic volume
ratios and the stroke volume ratios However 1t does not explain the differences
between the Fick pulmonary systemic flow ratios on one hand and the stroke volume
ratios on the other If it 1s assumed that, i addition to the left to right shunt a right
to left shunt occurs through the atnial septal defect the discrepancies are explamed
The night ventricular end diastolic pressures 1n these patients as a group were higher
than those found in the other patients and the systemic oxygen saturations were
lower This indrcates that some degree of right to left shunting may have occurred
tn additton to the left to right shunt explatning the reduced right to left stroke
volume ratios as measured by cardioangiography

Considering the overall sigmficant correlation between the flow ratios as established
by blood gas analysis and the ventricular volume ratios obtamned through cineangio
graphic measurements as well as the likely explanation of existing discrepancies
1t may be concluded that the cardioangiographic ventricular volume measurements
are a valuable and accurate tool for the quantitation of left to right shunts m atnal
septal defects particularly when the measurements are used in conjunction with
classical physiologic methods

The need for a complementary method for measuring pulmonary blood flow 1n
patients with atrial septal defects 1s augmented by the well known difficulties n ap
plying conventional physiologic methods for this purpose eg quantitatively un
known blood flow of the venae cavae and coronary sinus small pulmonary systemic
differences 1n oxygen saturations and madequate moung of indicators for dilution

determinations
From a practical point of view 1t should be emphasized that shunt measurements
at cardioangtography do not require any other procedures than those done for a
complete anatomic diagnosts Biventricular volume measurements are routinely made
1n this laboratory for the evaluatton of the contractile and relaxed state of the myo

cardium
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SUMMARY
Twenty-eight patients with ssolated secundum atnial septal defects were examned vul:
h 4 1"
right and left heart catheterization and ograph Tl"x‘c ically assesser
pulmonary systemic stroke volume ratios and the p!

systernre flow ratios correlated well However some stking discrepancies were observed
the possible causes of which are discussed

ZUSAMMENFASSUNG

Achtundzwanzig Pauenten mmt woherten sekundaren Atnum Septum Defekten wucden

kath h h

mit rechter und linker F sowie k D:
h Tite 1 X 1-Schiasvol )

und die
Verhaltnisse waren gut zu
htet deren moghich

b L Durch
emnander korreliert Jedoch wurden emige klare Di
Unsachen diskutiert werden

RESUMEL

Vingt huit malades ayant une communication iater auriculaire 1solee (ostium secundum)
ont été examines par catheténisme cardtaque droit et gauche et par cardioangiographie Les
rapports des volumes d ejection et és rad
et les rapports des debits pl ! etaent
en bonne correlation Cependant certanes ciscordances frappantes ont €té observées les
auteurs discutent leurs causes possibles
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FXPERIMENTAL AND CLINICAL EVALUATION
OF CHOLANGIOGRAPHY WITH
XERORADIOGRAPHY

B Lunostror and G WICKMAN

The main problem at cholangiography may be briefly charactenzed as that of
simulitaneonsly demonstrating small caleuh 1n wide as well as narrow bile ducts
Previously {(LUNDSTROM et coll 1976) the perceptibility of calcuhi of vamous sizes i
ducts of different dameters with the tube potential and contrast medium concentra
1ion as vanables was reported When a conventional screen hilm system was used as
1he recording medium optimuim visibihty was obtained at about 100 k¥ and a contrast
medium concentration of 45 per cent The problem when photographic film 15 used
1s mainty the fact that when sufficient contrast in the smage 15 attained the narrow
evposure fatitude of the film becomes a mung factor when narrow and wide ducts
are 1o be demonstrated simultaneously i the same image Compared to photographic
fim the xeroradiographic techmque with its high contrast at high spatal frequencies
m combination with 1ts wide exposure lattude at Jow space frequencies wonld
appear to be a supenor secording medwm The fower general sensitivity can be
compensated for to some extent by excluding the gnd and by an ierease i the
photon :nc\'%y without losing too much image contrast These facts constitute the
b dforan whether d d
cholangiography PRy an aded method for

Submitted for publication 22 September 1978
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Fig 1 Calcuh with diameters of 2 4 and 6 mm 1n ducts with diameters of 5 10 15 and 20 mm
;l"hleogulg{; filled with contrast medium of concentrations 22 S and 45 respectively Film exposed

Material and Methods

Experimental part

Conventional films Ducts with diameters of 5 10 15 and 20 mm were drlled 2
homogeneous picce of plexiglass measuring 5 cm X 10 em x 25 ¢m externally Plext
glass cylinders with diameters of 2 4 6 and 8 mm and of the same length as the
diameters were placed 1n the ducts, which were then filled with datrizoate {Urografin)
mn concentrations of 5, 10 22 5 and 45 per cent A 20 cm thick layer of water served
as a body phantom Exposures were made at tube potentials of 80 100 120 140 and
160 kV The focus film distance was 100 cm A Potter Bucky diaphragm was used
The nominal focal spot size used was 10 mm x 10 mm Ilford Raptd R film and the
universal intensifying screens used were Du Pont High Plus The exposure times
were chosen to obtain a homogeneous optimum background density of 18 m the
films

Aeroradiography The same experimental set up was used with the followng
changes The gnid was excluded i order to minimize the absorbed dose and the
Xerox cassettes were placed directly behind the water phantom The exposures
were made with tube potentials of 100 120 140 160 and 180 kV The Rank Xerox
S 125 equipment was used to load and develop the cassettes Negative processing
with the process setting at D was used

Cluncal part
Xeroradiography was performed 1n 10 patients 1n whom biltary duct calcult had
been found at postoperative cholangiography using the current routmne In these
examinations with conventional film Urografin 45 per cent and a tube potental of
100 kV were used The Xerox prints made 1n the same patients were exposed at 180
kV and 20 to 60 mA with an FFD of 100 cm and the cassette placed directly behind
the patient Negative processing was employed with the process setting at D
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CONTRAST

Fig 2 Radiographic contrast at
a cafevfus dametes of 2mm and
aduct dameter of 0 mm at dif
ferent contrast medium concen
trations (—— 45 —--225
-~ 19 5 ) and tube
potentials Background density
18 umts Visibihty maxymum at
about 100 kV at the hugher con
cemratons

—_——
70 80 90 100 10 120 130 40 150
L3

Results
Experimental part
The results usmg the screen film svstem agreed with those reporied previously
(LuNpseRoy et coll} although calouls of another size were chosers and another
mtensifving seseen (Figs 1 2) At about 100 kV a maximurn of radiographic contrast
was obtamed 1 dete tabslity of smalf cafeuli in wide ducts 3¢ 3 contrast medum

concentraton of 22 to 45 per cent Hhigh tube p s in with d
graphy did not produce an appreciably lower degree of contrast visibthty remained
tally unch d at p

s between 100 and 180 kV at the same contrast
medtum concentrations When th= medum concentrations were varied only small

differences were observable at hugher tube potentials detectability was shghtly 1m
proved at higher concentrations (Fig 3) Thus the diagnostic possibilities were
stmular over a rather wide range of concentrations and tube potentrals In any case
they were not smaller at 180 kV and a 45 per cent corceatration than at other values
for these parameters When oplumucs smages from the respeciwe series were com
pared 12 100 kV with radiographic film and 188 %V with Xerox fiim and a concentra

tion of 45 per cent 1n both cases the visibihty of the caleuli appeared ta be a trifle
smproved in the Xerox imaces (Figs 1 3 ¢) Unf

ately d

Y
Was not possible due to the fact that the sureen fim 1s transparent w hile the Xerox
mage 1s not

Climeat part

1n the majority of cases the detected calcuh were clearly visible both m the screen
Iilms and sn the xerographuc images and no dehprte difference was observable
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(Fig 4) In 3 of the 10 cases with widened bile ducts (14-20 mm) the calcult were
somewhat more distinctly discermible n ordinary radiographic fiims than 1n the
xerographic 1mages Unfortunately there were no cases with small caleuli n wide
ducts avadable for comparnison

Radwation to the patient

A simple and frequently used method of companng absorbed doses to the patient
when different recording media are used 1s to measure or estimate the skin dose ot
exposure This 1s relevant when the media are compared m terms of the same radu
tion quality

However the problem in the present situation may be briefly characterized as one
of finding the patient dose at xeroradiography with 2 mmimum but stiff acceptable
tmage quahty and comparing thns dose with that for the screen fiim system at 1001}
The skin dose gives a musleading result since the deep dose distribution and scattered
radiation vary sigrificantly with the roentgen beam qualities used

The relevant parameter 1s the integral dose to the patient As a rough substitute for
ths figure the integral dose per cm 1n the central beam was caleulated from data for
2 20 cm thick semu infinite water slab given by CARLSSON (1963) and exposure meas
urements 1n free air for the different bexm qualities used Fig 5 illustrates how the
ntegral dose to the patient varies for the two recording media at different beam
qualities It 1s evsdent that when xeroradiography 1s used the pattent dose will be
most favourable at the highest tube potential being about four times higher than
the dose for the screen film system

Discussion

The xerographic technique has been tred 1n a number of different types of ex
amunations including cholecystography (EISENSCHER et coll 1975) but it seems not
to have been evaluated for cholangiography The narrow exposure latitude of the
conventional screen film constitutes an tmportant limiting factor m cholangiography
for demonstrating small calcult i wide bile ducts The fact that the degree of dia
gnostic rehability under such conditions may be relatively low has been pointed out
by for nstance LinDshoG (1970) and HaLL et coll (1973} The wider exposuie
latitude of the Xerox plate makes 1t posstble to demonstrate in the same image objects
with great differcnces n attenuation Ths property 1s evident in the present expen
mental part which supports the assumption that the xerographic techmque might
offer certain diagnostic advantages One of the reasons why the xerographte technique
has not come mto use for cholangiography 1s probably 1ts relative insensitivity vis 3
vis modern film screen t 1ons The calculated integral doses showed that the

iameters as 10 Fig 1 The contrast medum

t d
Fig 3 Xeroradiography The same calcutus and duct e Tt 15 190 KV ooy o (b9

concentrition 1sa} 225 b}5 )45 andd) 10
and 180 kV 1n (c) and (d)
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Fig 4 T hol raphy with tional film exposed at 100 kV and xeroradio-

graphy exposed at 180 kV The ¢alculus i the commton bile duct measured 6 mm 1n diameter
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ARB UNITS.

w

' e Fig § Tntegral absorbed dose (arb
units) to the patent for conven
tional fum { ) and xeroradiography
(@

80 100

120 140 160 180
kv

dose at xeroradiography was less at a tube potential of 180 kV than at lower poten
tals being about 4 times higher than at 100 kV using ordinary radiographic hlm
The exposure time can also be kept at a reasonably Jow level at this tube potential
even 1n stout patients No disadvantages of using a high tube potential were noted
which mu ht have been the case if there had been superimposed skeletal parts (Hem
MINGSSON & LOrroTH 1976) Thus tn theory the xerographc techmque should be
ly superior to the tional screen film techmque—and this was not
contradicted by the model experimeni—but in the actusl climical application its
diagnostic reliabihty was found to be shghtly lower 1 3 of the 10 patients The
reason for this 15 not clear Perhaps the xerographic system was not fully optimally
adjusted 1t may also be due to the Tact that iterference Jrom structures n other
planes than the one under prodi 100 much f imformation
Other complicating factors i the practical applcation was due to the fact that
the Xerox cassette was placed directly under the patient and as a result nenher the
exposure t nor I

pic control could be employed The
Xerox image 1s also reversed when the cassette s placed under the patient s back and

the overcouch tube used Anather practical delCiculty s that 1n thesr present design
the Xerox cassettes are 100 thuck o fit snto ordinary cassette holders Even if 1t was
ot 50 the gnd must be removed 1o avoid unaccepiably high radratton doses If
these different pracuical difficulues are overcome and 1f 1 addition the Xerox
system can be rendered considerably more sensitive *eroradiography 1n cholangio-
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graphy should have the potentinl to become @ method that can afford a hicher
degree of dingnostic relirbility

SUMMARY

Conventronal screen film rad hy s pared with xerorad hy 1n an expen
mental model for cholangiography The wider exposure latitude of the xerographic technigue
confers certain diagnostic advantages However the actual clintcal application presents
practical difficulties which combined with low seasitnaty are of such 1 nature that the
method can hardly be considered surtable at the present ttme If certan improsements can
si r:1adc xeroradiogpraphy could become a superior method for radiography of the bile

cts

ZUSAMMENFASSUNG

Die honventionelle Radiographic mit Verstdrkerfolien und Film wird sut Xeroradio-
graphie an emem experimentefien Modell fur Cholangiographte verglichen Die grassere
Expositionsbreite der xerographischen Techmih bedeutet gewrsse diagnostische Vortell
Die aktuclle Klinische Anwendung bictet jedoch praktische Schwienigketten welche verent
mut medriger Emplindhichhent voun solcher Natur sind dass die Methode gegean artig kavm
als briuchbar angeschen werden kann Sollten gewrsse Verbesserungen gemacht werden
konnen konnte die Xerordiogriphie emne uberlegene Methode fur die Darstellung der
Gallennege werden

RESUMEL

Les 1uteurs ont compard sur un modéle expérimental pour 11 cholangrographie 12 radio-
graphie classique avee des films ct des écrans ct 11 xéroradiographre La plus grande fatitude
d exposition de la technique xérographique confére certains avantages diagnostiques Ce
pendant | application chinique réclle présente certames difficuitds pratiques qut associés
avec 11 Tatble sensibthté sont d une nature telle que la méthode peut difficilement ctee con
stdérée comme utilisable 4 1 heure actuclle Si on peut réakser certaines améliorations 1
xérographic pourrart devenrr une méthode supéricure pour la radrogriphic des canaus
bilaures
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COMPLICATIONS AT BALLOON CATHETER
ANGIOGRAPHY

Experiments 1 rabbits and dogs

R Jensenand T Oux

Balloon catheters are of value 1n angiography and therapy (WHOLEY et coll 1970
Jensen & OLIN 1972) An of possible ) has been performed
and 1s now reparted

“atenat and Methods

The expenments were performed in 6 rabbits 20d 6 mongrel dogs ln the rabbus
general anaesthesta was obtatned with b

sodium (M.
sodium ACO Sweden) A catheter (OPP 60 Pcnu England OD/ID 122/076
mm) with six side holes close to the tapered tp was tntroduced mto the femoral
artery The contrast medium meglumine metrizoate (isopaque Cerebral Myegaard
Norway) was imjected through the catheter by a high specd pressure mngector (VeReCe
Ristner Sweden) and the injection rate d on a polygraph
Exposure data FFD 90 em normunal focal spot 0 3 mm 3 to 10 mAs oo§ to oog s
and 8510 100KV Rubin ish delimbion sereens were used with an AOT film changer
(S1emens Efemz Sweden) Exarmmnations were made m ap and lateral projections

The catheter was then withdrawn and was replaced by a balloon catheter This
catheter (QPP 60) was provided with @ home made balloon at 1ts tapered and bent

‘Subrmitted Jor publication "7 Apeil 1978
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tip as previously described (JENSEN & OLIN) The major branches of the abdominal
aorta were catheterized in turn and the balloon ws nflated with about 0 01 to 09
ml contrast medtum for 2 min The balloon catheter was then withdrawn and subst
tuted by n catheter shaped for 1ortography and then by a catheter shaped for selectne
catheterization of the abdominal arteries After the angiography had been completed
the catheter was withdrawn and the femoral artery was ligated About 12 weeks
later, a repeat extmunation was made in 3 of the rabbits mcluding acrtography i
two projections and selective angiography of the abdomunal arteries The anmals
were then hilled and the abdommal aorta and its branches were removed en bloc
for mucroscopy

The dogs had a body werght of 12 to 15 kg and were examned 1n a stmilar way 4
the rabbnts Aortographies were obtamed 1 two projections using a catheter (Odmop
Ledin Kifa Sweden OD/ID 18/ 2 mm) introduced into the femoral artery Ex
posure data 10 mAs 008 s 95 to 100 KV Saphir screens were used The balloon
catheter m this series was a double lumen catheter (75 F, 2 5 mm Edwards Labora
tortes USA) according to WhoLEY et coll (1970) Belore 1ts mtroduction nto the
amimal the balloon was filled with contrast medium to make 1t possible to estimate
the size and to control the shape of the bailoon The balloon was nflated with about
01 to 0 3 ml contrast medrum and deflated after 2 mmn when positioned in the propet
artery Aortogriphy and selectne angiography were performed with the batloon
catheter deflited The incision in the femoral artery was then sutured with stk 6/0
Repeat angographies were performed 2 to 12 weeks later Erght ml contrast medrum
was used for injections into the aorta, the coehac axis and the superior mesentesic
artery and S mi for the renal artery Isopaque Cerebral was employed for selective
angiography and Isopaque Coronar for aortogriphy Twofold to threefold drect
magmilication was used and the diameters of the vessels before and fter distension
were measured on the films Magnification adjustment was made with a magmfym§
glass with a scale graduated i tenths of a mll re The d ters were
i the same way on the repeat films The measuring procedure was repeated ten
times for each film and the mean value calculated for each diameter As 1t 1s difficul
exactly to estimate the border Iines of the vessels on the film the error of the da
meters were calculated according to the formuia

D A
v™¢
VA
b=-&

where D=diameter of the vessel V=dameter of the vessel measured on the film
A ~diameter of the catheter 19 mm C=diameter of the catheter measured on the

Him
Taking the loganithm nd differentiating log D=logV rlog A—log C
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The following formula was used (Grany & HERTZ 1971 p 63)

AD= & ‘/’(%;3_;\')' ‘»lg AC)
e

AC<01mm

The edres of the catheter are not ddficult to distinguish ard the error i the measure
ment of catheter drameter did not exceed 01 mm The ersor in the estimation of the
vesset and baltoon diameters hes between 01 and 02 mm

Results

The expertments in the rabbits revealed that there was a very small marga betwern
sust sufficient occlustont of an artery and overdistenscon of the vessel Little difference
eusted between the volumes myected and differences m the imjecton pressure felt
by hand on the piston of the synnge were imperceptible The wyury was usually
greater in relatively small vess Is such as the renal arterses i contrast to the supertor
mesentenic artery The lesion often appeated severe after the balloon was deflated

Fig 13 Duatition of the vessel was someti s evident and a very sttong spasm of
he vessel occurred distal to the didatabon Mucroscopie examynation 2 to 12 weeks
tater revealed npury to the nternal elstic Jamuna and the tumca media When a
marked overdistension had been made all thrcc Tayers of the artenal wall could be

wiured The 12 week repeat d

prey of the njury 1o
the artery and microscopically a certam degrer of healimg had occurred To 1nvestigate
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Fig 1 a) Abdonunal aortography of a rabbit before balloon distension b) Immediately after balloon
distension (60-70 ) of the renal artenes Drlatation of the arteries 1s partially mumtamed Marked
spasm of the left renal artery distal to the dilatation ¢} Twelve wecks later Selective nephroanzio
graphy on the right side Normnl d) Twelve wecks later Selective nephroangiography on the Lff
side Remaning mimmal srregulanties of the artery Microscopy revealed only minor injury (o the

mnternal elastic lamna

whether the preparation of the specimen per se could cause arterinl mnjury the aorta
and 1ts mam branches were removed en bloc from a rabbit in which no balloon
angiography or selective angiography had been performed At microscopy lestons
were 1dentified 1n the internal elastic laminae of 2 vessels of 4 Thus mjury to the
nternal elastic Iymuna is often secondary to the preparation

The measurements in dogs are graphically tllustrated in Figs 2 and 3 The diameter
of the renal arteries the superior mesenteric artery and the coeliac axis are demon
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Caeliac artery

Fig. 2 Duameter (mm) of abdoounal
3 agteries n six dogs B~ Before balloon
ditensen. D = During distension A~

Left renal antery After distension Ywhen the batoon 15

mllated the caliber increases betwetn
s 10 and 70 After deffavon of the
balloon the vessel alten retuens to nor
% il catiber Microscopy after repeat
’ angiography sometimes revealed mjurv
/
3 <

t0 the vesset wall © = No damage ~ =
Injury to the mternal elastic Jamna
# - fniury to the nternal elasti. lamina.
and the tuteca tedn

23 Right tenal artery
e

B D A " w63 64 Doy

strated before durmg and immedsately after distenston with a baltoon catheter The
dilatation of the arteries vaned A strong balloon distension of an artety vspally
d hed or d. ed at i( Severe ! was tore apt to
aceur wn small vessels Thus st was more common 1n the renal artery than i the
supenor mesentenc anery {Fies 4 5; Mayor ijury revealed at mecroscopy corre

sponded to continued dnatation of the artery at anmography A dilatation was
evident (n & vessels tmmediately after balloon d but at repeat ph

some weeks later a small widening remaiaed 1a 3 tessels only Micrascopy of these
vessels revealed rather extensive syury 10 the miernal efastic lamina and the tunica
media In the remaining vessels where no abnormality was visible on the films no
wpury or only small lesions of the (nternal elastic lamina were sdentifiable at micro

seopy Vascular injury was not common sn arteries weth aq wternal diametey of ¢
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Fig 3 Drimeter (mm) of abdominal arteries tn does a) immediately after distension by the balloon
and b) ddatation at repeat angography No dilatation of the artenies apparent when the dimeter
of the vessel 1s about 4 mm or more and the distension not over 20 At repct angiography most
of the vessels look normal @ Dilatation ©  No drlatation ¢) Drlatation of abdorminnl arteries 2nd
d} dugree of mucroscopic abnormahity 1n the region without dilatation at anmiography DHCTOCORY
revealed no abnormality or only myury to the internal elastic lamtna ¢ No nbnormahty '~
Injury to internal elstic Jamm: @ Injury to mternal elasuie lanunt and tunica media

mm or more but was rather common 1n arteries with 1n mternal drmeter of 3 mm
or less Imury to the adventitia was not encountered at any of the expenments 1
dogs The rupeat angrographies demonstrated that no stenosis of the arteries h 0]
developed during the observation period which extended over 2 to 12 weeks

In 3 mstances the catheter jumped out of 1 vessel and bach mto the 10rtr when the
bailoon was dilated (Fig 6) The ellipsord deformation of the balloon then disap
peared nlthough 1t was sufficiently filled In these cases the diameter of the balioon
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Fig 4 a) Nephroangiography i 3 normal dog by Balloon cattieter inflated n the yenal artery ¢}
A’grlugraphypﬂnmcd)z!e\y after defiation of the balloon Smooth wideming of both renal arteries
by about S0 d) Acriography 140 weeks later Oply shight persestent widerung of the feft renal
artery

exceeded the dameter of the vessel by between 50 and 90 per cent Inury to the
ternat efastic tamina and the tumea medra was Jater revealed in 2 of the 3 artenes
aithough no deformation of the vessels was evident on the films and the distension
must have been very brief No imury was found 1n one of the 3 vessels from which
the balloon presumably had jumped out dunng insufflation The measurements of
the diameters of these vessels are not included s Figs 2 and 3
Durect measurement of the force exertvd by the balloon on the walls of a vessel
was made as fallows Chanmels with a diameter 0f 4G 60 and 80 mm vespectinely
west drilled 1n a piece of acrvhic plastic (Fig 7} The miece was then sphit lengthwise
and a stram gauge was firmly fixed to #s top The balfoon was inflated n each
channel m turn The forces exerted on the stram gauge are plotted agamst the volume
ingectedin Fag 8 Infiation of the batloon with 2 very smal volume will exert asirong
evpanding foree n a2 4 mm channe) but only a small force ;n a § mm channel
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g 5 Same dog 25 10 Fig 4
Left renal artery Extensne in
ey to mterntl elstic liment
and turuicr media Minor aneu
rysmtic dlatthen Magming
tion 10 and 60

Inscussion

The blood pressure or n inflnted billoon excrts 1 stress on the arternl wall The
stress to={p r)ft where p pressure r omner radies and ¢ wll thichness The
virrition m dirmeter of an artery with the applied pressure cn mdre tte clasticity
viscoclastieity or phistieaty (Baprr 1963) Elishioity implhes thit 1 constint relatron
between pressure and drameter exists often cxpressed by Youngs modulus of
elasticity When unlotded a perfectly el istic materral will immediately go back to
the onginal size Above 1 certan load an elstic matenal will be deformed and will
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Moon catheter m supenor mesentenc artery of a dog The wnftated balloon 1s delormed
g;‘/gtr?c ::lfray %o)"The balloon haiejumped out of the artery into the aorta and regamed its spherwal
shape

not regam its shape when 1t 1s unloaded Viscoelastictty means that the elastic action
1s damped by a viscous one The diameter then depends not only on the pressure
but also on the velocity with which 1t 1s apphied When unloaded the material will
slowly return to the onginal size A matenal is called plastic when 1t 1s deformed on
loading and has a tendency to retain ats new shape The artenal wall 15 not homogene
aus but1s composed of collagen tissue elastic tissue and smooth muscles The propor
vons of these compenents vary with species type of artery and age When over
{oaded the collageneous ussue will behave as a plastic materal 1T smooth muscles
are extended slowly they behave Itke a plastic matenal whereas on rapid extension
their response 15 viscoelastic Another factor to bear m mind 1s that the smooth
muscles are excited by distension a response which 15 considered to account for the
so-calied autoregutanon of blood flow n for example the kidney Frmally the
smooth muscles in the vessel wall receive sympathetic and parasympathetic maerva
von AWl these factors must be borne 1n mind when assessing the effect of balloon
watheters on blood sessels
When a balloan n an artery ts sulficrently mflated 1t will establish contact about
1ts equator with the imner wall of the vessel The pressure exerted on the wall 1s not
as great as the pressure 1nside the batloan sioce some of thes pressire is counteracted
i e wa ronens and e aToom st e 52 o ezt
mould of the artery The pressure then ex md Shnpe thatto a certa extent 5.3
s10n to occur At modera‘:e prcssures" lhl: mruc(::‘s‘s‘ ) a““yb‘s Suneent for disten
artery will slowly regain its shape after d:ﬂ:hon of 'tsh probbly viseoctastic and the
€ balloon At higher Ppressures
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Fig 7 Picce of plastic with three holes drilled for
measurement of the force eserted by balloon cath
cters

N
549
44
34
24
1

Fii, 8 Force exerted at different degrees of

balloon inflation Diwameter -—- 4 mm

— 6 mm 8 mm

0 01 02 03 04 05 06m

the distenston of the artery will be a plastic process te dilat1tton of the artery will
be maintamed after deflatton of the balloon On distension the smooth muscles i
the wall will react to produce constriction spasm of the artery sometimes occurred
immeduately after deflation of the balloon

The volume which has to be myected into a balloon catheter 1 order to occlude
an artery varies with the type of catheter used The smail home made bailoons used
1n rabbits have a spherical shape The volume of 4 sphere 15

4t

Vo3

where r=1nner radius
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- ‘.;‘:-:L.{Jr,: <
T

Fig 9 Microscopy of a remal
artery mne weeks after a 20
distension  Only small rupture
of the internal elastc lamina
(—>) Stmular Jestons were also
found i vessels which had nor
been distended Magnification
about 40 and 100

The renal artenies of the rabbits used had an wnner drameter of about 2 0 mm (mean
204) The volume of a sphere which 15 yust Jarge enough to occlude an artery of this
cahbre 15 0 004 m! Emprncally 3t was found necessary to mject 2 volume of about
001 ml 1 order to obtam complete acclusion The difference must be due to miner
teakage or to the fact that the catheter contams arr which 15 compressed when the
balloon 1s filled

The balloon used 1n the dogs had another shape since 1t was fixed to the catheter
at both ends The volume of such a revolution ellspserd 15

2
v 3 at
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where 1= half the length of the bulloon (along, the catheter) and b=transverse radis
of the balloon For the catheter i question 2=3 1 mar The volume of the piece of
cutheter inside the billoon has to be subtricted and 1s about 28 mw® The renal
artery of 1 15 to 20 kg dog has an inner dinmeter of 1bout 3 4 mm {mean value 344
r=172 mm) The volume theoretreally necessiry for occlusion of this vessel s 000
mi In practice 1 volume of about 01 m! was necessary nd the discrepancy may
agun be aserbed to ur in the catheter and leakage

Brlloon citheters can eastly provoke imjury to 2 vessel when they are inflated with
out cwre The nish mcreises 1s vessel size duyminishes One explanition for this could
be that there 1s 1 lesser 1mount of elstic tissue 1n relation to the amount of smeoth
muscles 1n 1 smller vessel Morcover experiments in 1 plistic model demonstrated
that 2 much stronger force was exerted 1t inflt on of the balloon catheter i small
vessel than n 2 Liege one In artertes with 1 diameter of 4 mm or more the nsk 15
mimml of the increse m the diwmeter of the vessel does not exceed 20 per cent
(Fig 9) The small injurses to internal eltstie Iimma nught have been produced by
the preparation of artenies for microscopy

It 15 recommended to estimate the ditmeter of the vesse! 1t 1n ordinary tneio
griphy mn order to mininnze the nisk of jury Then appropriate insufflation of the
balloon ¢ be obt uned without overdistension of the vessel
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SUMMARY

Overdistenston of 4 balloon cathetul may mnre an artery wd this risk ancroses
decrensing vessel ¢ ihbre Belore balloon occluston un estimation of the eahibre of the vess
at a prel ary graphy 1s 1 od

with

ZUSAMMENFASSUNG

Uberdehnung von Ballonkathetern hann eme Arterie schadigen und dieses Risiko sturgt
mut abfallendem Kaliber des Gefisses Bevor cier Ballon Okhluston wird empfohlen 158
dur Gef issdianmeter mut Fiife ciner prelipun tren Angrographic bestimmt wird

RESUMEL
La surdrstenston d un balfonnet de catheter peut éscr une arfére et ce rique ugmente M
mesure que fe calibre du vanscau dinnue Avant d ocdJure 1 artdre asec fe ballonaet Jf est
recommandé de faire une ngtogt 1phic préhmmaire
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FROM THE DEPARTMENT OF VASCULAR RADIOLOGY INSTITUTE OF RADIOLOGY, AND
DEPARTMENT OF HALMATOLOGY, INSTITUTL Or MCDICINE, MEDICAL SCHOOL IN LUBLIN,
20-090 LUBLIN POLAND

TRANSCATHETER EMBOLIZATION IN A HAEMOPHILIAC
WITH POST-TRAUMATIC RENAL HALMORRHAGE

Report of a case

M RLAMUT M SzCzErpo TROJANOWSKA J KOWALEWSKt and A NOWAROWSA!

The treatment of renal trauma 1n 1 haemophiliac 1s a complex and uncertait
procedure  Surgical ntervention for control of massive renal haemorrhage after
triuma generally results 1n nephrectomy (SCoTT et coll 1963 Lucry et coll 1972)
Operation can only be performed when a large amount of cryoprecipitate 1s avatlable
Swnce renal haemorrhage m haemophiliac 1s a Ufe threatening conditron  trans
catheter embolization provides a valuable alternative to surgery (BOORSTEIN &
GOLDSTEIN 1973, CHUANG et coll 1975 SiLBER et coll 1976)

Case report

A 30 year old man with severe hacmophitia A blood group A Rh positine was admitted
to this hospital because of renal haemorrhage folfowing trauma of the left tumbar reg1on
and pain n the left flank The urine was haemorrhagic and contained 9 27 per cent protesn
The renal function was normal Blood urea nttrogen 449 5 mmol serum creatinine 92
mmol Replacement therapy with group A cryoprecipitate (10 bags 1¢ about 2000 IU
per day) was begun Transfusion with 1 200 ml erythrocyte mass was grven and supported
with spasmolytics and analgetics After 3 days the red blood cells in urine were reduced to
20 per high power field and the patient had no more pain Cryoprecipitate was discontinued

————————

I; d for publ 2 Ne ber 1978

Lteta Radvologica Diagrosis 20 (1979) Fase 4
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Selective Ieft renal angrography 4) Arterial phase Fulling of haematoma in the muddle and lower
pole b After embohization Oeclusion ol main branches of the renal artery A subcapsular anery
and adrenal arteries are patent

Four days later recurrent lumbar pain developed with macroscopic haematuria the haemo-
globn level was 6 5 mmol/l and the red blood cells 25 T/1 Unnary excretion was undis
turbed The previous therapy was cepeated No crreulating anticoagulants were present 1
the blood serum and 12 hours aiter cryoprecipitate infusion factor VIIT Jevel remained
between 15 and 20 per cent
Urography demonstrated normal function of the right kidney but no excretion on the
teft side Operation was not constdered because of high risks in patients with severe haemo-
philta Instead 1t was decided to perform with an embol, proce
dute of the bleeding vessels On the left side a large haematoma was found n the muddle
and lower pole of the hidney (Fig. a) but no abnormality on the night stde
Autologous clots and Spongostan cut 16to 2 mm 2 mm 5 mm cubes and immersed
in phystologtc saline were used for embolizatton A grey Odman catheter was placed n the
left renal artery and 30 m! of autologous clots and then 24 Spongostan cubes were iyected
Repeated angiography demonstrated that the two mamn branches of the renal artery weee
occluded (Fig by No filling of the hacmatoma was abtained
During a few hours after embolization the patient complatned of left lumbar pam which
was reheved with analgetics Body temperature artenal pressute puls¢ and urinary excre
uen were normal No excessive bleeding or haematoma occurred at the site of puncture
which may be due to the mfusion of cryoprecipitate grving 15 to 20 per ceat factor VIU
leved alter 12 hours The red blood cells in the urine decreased rapudly and had comph
pletety
disappeared on the fifth day On the eighth day after embolization the bady temperature
ft':hm 382 C and ampralline was replaced by gentamucine and cephalothes
Elgh(eee ;:‘a::;l::s' Lﬁnlxﬁci Vf::]r:;:; l:::s;!:tl‘m good conditron and returned to work
of hypertension or renal farture Feeling




FROM THE DECPARTMENT OF VASCULAR RADIOLOGY, INSTITUTE OF RADIOLOGY AND
DEPARTMENT OF HAEMATOLOGY, INSTITUTE OF MEDICINE MEDICAL SCHOOL IN LUBLIN
20-090 LUDLIN, POLAND

TRANSCATHETER EMBOLIZATION IN A HAEMOPHILIAC
WITH POST-TRAUMATIC RENAL HAEMORRHAGE

Report of a case

M KiaMut, M Szczerpo TROJIANOWSKA J KOwALEWskI and A NOWAROWSK!

The treatment of renal traum1 tn 2 hiemophihac s a complex and uncertam
procedure  Surgical intervention for control of massive renal haemorrhage after
trauma generally results 1n nephrectomy (SCOTT et coll 1963 Lucey et coll 1973}
Operation can only be performed when a large amount of cryoprecipitate 1s avaitable
Since renal haemorrhage wn haemophiliac 1s a lilc threateming condition, trans
catheter embolization provides a valuable alternative to surgery (BOORSTEIN &
GOLDSTEIN 1973 CHUANG et coll 1975 SiLBER et coll 1976)

Casc report

A 30 year old man with severc hacmophilia A blood group A Rh positine was admutted
to this hospital because of renal hacmorrhage following trauma of the left lumbar region
and patn n the left flank The urine was haemorrhagtc and contawned 9 27 per cent proteid
The renal function was normal Blood urea mitrogen 449 5 mmol serum creattnmne 92
mmol Replacement therapy with group A cryoprecipitate (10 bags 1e about 2000 1U
per day) was begun Transfusion with 1200 ml erythrocyte mass was given and suppomd
with spasmolytics and analgetics After 3 days the red blood cells mn urine were reduced 10
20 per hugh power field and the patient had no more pain Cryoprecipitate was discontinued

I 2 N ber 197%

d for f

Auta Racvologica Diagnosis 20 (1979) Tuse 4



Y MALMO
FROM THE DEPARTMENTS OF DIAGNOSTIC RADIOLOGY PATHOLOGY AND SURGER'
ALLMANNA SJUKHUS S 214 0f MALMO SWEDEN

RADIOGRAPHIC APPEARANCES IN CROHN § DISEASE

1 Accuracy of radiographic methods

J Hupete C LinDsTrROM and A WENCRERT

In the preoperative evaluation of patients with Crohn s disease radiography still
rematns the most important means for establishing a diagnosis and defining the
extent of the disease

The radiographic features of the disease have been described by several authors
(KANTOR 1934 Mamsuan & LiNpNer 1970 Braume 1971 Kewe Hawreer 1971
Srvutne 1971 1974 Stantey eteoll 1971 EncerhouM & Peeters 1976 Laurr &
HaviLton 1976) Different exarmination techmiques bave been used but generally
accepted cntersa are based matnly on findings with the high kV barium enema and the
conventional follow through tech: and are ly those d by
Marsiak and co-workers (1955 1970 1975) These cnitena do not include the
dizgnosts of minor mucosal ulcers which are well known to the pathologist
{Morso~ 1972) and also 1o the surgeon Consequently the diagnosti accuracy of
radiography has been 2 matter of dispute Diserepanties between the extent of the
disease as assessed at rad, hy and at or end py are often com
mented upon tn the chimeal lterature (ATwELL et coll 1965 Wirtiaws 1972
MEeuwisseN et coll 1976 VAN TRAPPEN 1976)

Qn the other hand several radiologic reports indrcate that minor lessons particu
larly i the colon but also in the small bowel may well be demonstrated provided
speeial techmques are used (VANDENBROLCKE et coll 1964 SeLuvk BRAHME &
Forn 1976 EnGritowM & Peevens EnGErnoiw et coll 1976 FRASER & FinDLAY

Submutted for publication & June 1978
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well the patient gave no consent to repeat angrography Scintigraphy of the kidney ¢
months after the emboltzation showed no funiction of the hidney the pateent 1s still feeling
wel

SUMMARY

Percutaneous transcatheter arterial embohzation was performed in a case of severe haemo-
philia A to control hacmorrhage secondary to renal trauma The treatment proved o be
life saving Eighteen months follow up revealed no evidence of hypertension renal failure
or infection

ZUSAMMENFASSUNG

Einc perhutane Transhatheter Cmbohsicrung der Nierenarterien wurde in einem Fall
emer schweren Himophilic A vorgenommen um emnc Blutung aly Folge eines renaka
Traumas unter Kontrolle zu bringen Die Behandlung erwies sich als lebensrcttend Nah
6 Monaten waren heme Zeichen ancr Hypertension eines Nierenschadens oder emer f
fektton vorhanden

RESUME

Les auteurs ont fait une embolisation arterielle par cathétérisme percutané dans un ¢
d hémophilic A grase pour arrcter une hémorragie secondarre Y un traumatisme rénal Ce
traitement a permus de sauver la vie du malade Une surveillance pendant 6 mois na ras
monteé de signe d hypertension d msuffisance renale ot d infcction
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Fig 1 2} fleum Malple small
superficial aphthoid lesions in
the mucosa and edemz The
aphthoid lessons often on top of
1he folds of kerckring b) Coton
Multiple small aphthord ulcers
and a few punched out ulcers
{+>) Confluence of smallulcers
to larger longnudinal ulcers
which secm to have a retston
ship to the three colonic tenae
-

Radiography  Small bowel examinations were mostly perlormed by the conven
tional follow through technigques but from 1972 the enteroclysis techmque deseribed

by SrLLINK was increasingly used

The double contrast method (WELIN 1962) was used for the colon examinations
in all patients at this hospital Thirty three patients referred from other hospitals
were as 2 rule examined by the conventronal barum enema technique 1f necessary
double contrast exammations were performed in these patients
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1976 LAUTER & HAMILTON SIMPRINS 1976) However, no attempts have been
made o compare vanious techmques or to assess their accuracy

Lestons demonstrated at radrography in a defined group of patients operated upon
for Crohns discase were compared with the findings at operation and those at
microscopy of resected specimens Furthermore an attempt was made fo assess the
accuricy of the radiographic techmques used and to estiblish entera for the
radiologic diagnosts of Crohn s disease of the small and large bowels

Matenal and Methods

The material was denived from films and records of 195 consecutive patiens
(92 males and 103 females) m whom 2 primary operation for Crohn's disease was
performed 1t Malmo Allmanna Sjukhus during 1 15 year period 1959-1973 (Braine
et coll 1975) Residents of Malmo comprised 162 patients and 33 were referred from
other hospitals for climseal evaluation and surgical management About 90 per cent
of the cases diagnosed in Malmo during this period are included The age of the
patients 1t onsct of the disease ranged from 10 to 79 years with 1 maximum of the aee
specific curve 1n the third decnde

The series comprised only patients 1 whom radiography was performed before
operation 19 patients operated upon immediately on 1dmission being excluded
Thus the material consisted of 385 lrge bowel and 309 small bowel exammnations
n 176 patients For various reasons 1o large bowel exanunation was performed 10
19 of these patients and in 4 no small bowel examination

In 75 per cent of the patients the small bowel was exanuned within 4 wechs before
operation and m 80 per cent the colon In the remaining patients the nterval ¥as
1 month to 2 5 years (mean 6 months) for examination of the small boweland 1 month
to 1 year (mean 3 months) for exammntion of the colon Durnng the later half of the
series most examinations were performed within 1 to 3 wecks before surgery

The operative procedures were relatively uniform throughout the senes Resection
of mtermediary segments of the colon and by pass operations were not performed
Local resection of the distal ileum and the right hemicolon was performed when the
disease was supposed to mnvolve the distal leum or the distal sleum and the night
hemicolon (98 patients) When both the right and the left hemicolon were supposed 1o
be involved the procedure was colectomy and ileostomy (63 pattents) Three patients
were operated upon with resection of the rectum and the 1boral large bowel and
7 patients the operative procedures differed from the general principles

At microscopy all cases were classified according to the critern established by
MorsoN and accounted for by BRAHME et coll

With few exceptions (5 exammnations 1n 3 patents) 1t was possible to review all
films The radiographic appearance and the distrtbution of the lesions werce recorded
and the results were compared with the onginal radiographic reports the operatine
reports the results of microscopy 2nd photographs of the excised specimens
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Fig 4 Ilum Abnormalities
charactersstic of edema contour
of bowel 1rregular and mucosal
folds fused

with a Peyers patch In the colon they are often multiple and may coalesce to
fongitudinal ulcers Larger ulcers (rounded 1 dinal serp P
deep into the wall of the sntestine resembhing fissures Longitudmal and transverse
ulcers together with intervening edematous mucosa create the well known cobble
stone appearance Charactersstically the ulcers are discontinuously distributed over
the mucosa and sep d by areas of ed but otherwise unaffected mucosa

Fibrosis 1s 2 more promment feature in later stages and may give nise to strictures
The wall of the bowel and the mesentery are thickened and the mesentery contains
varying amounts of enlarged lymph nodes

Distribution The Jejunum and oral part of the ileum may be wniformly involyed
by superficial ulcers and edema but most often there 1s a segmental distribution of
the lesions wwith multiple strictures in assocration with more severe uiceratton

In the distal sleum the most aboral 10 to 50 em are always continuously involved
by disease This segment and more oral segments may be sharply demarcated but
often no such demarcation 15 found The seventy of the lestons decreases in the
oral direction and aphthoid ulcers and other manifestations of disease may be faund
at varying distances from the aborally nvolved segment (Fig 3)

In the colon the macroscopic appearances vary more than 1o the distal sleum
Severe ulceration and cobble stone formation are the most charactersstic features but
the presence of disease may be indicated by edema and superficial ulcers alone
The discontinuous nature of the disease 15 more evident 1n the colon than i the
c:stal tleum and areas without evident disease are frequently found In segments

hout mucosal ulceration the mucosa may appear grossly ntact only patch
mucosal atrophy and fibrosis of the musculanis mucos: Y

ae being present
More detailed information af the patholog. features of the disease may be ob



612 J HILDFLL, C LINDSTROM AND A WENCRLRT

Fig 2 Heum Isolated punched
out ulcers 1n the mucosa Ulcers
of this type tre usually scen 1n
connection with Peyers lym
phoid patches

Fig 3 Dntalileum Uleeration
and charactenistie thickeruny, of
the mtestimal wall due (o trans
murtl mnflimmation Two 150
lated punched out wleurs oral to
the mun leston

Surtey of gross pathology The morphologic 1bnorm \hities that m1y be reflected in
the films arc complex wnd may be summanzed 1s follows

Crohn s dise e 1s a chrome grinulomatous inflimmatory process characterized
mcroscopicilly by edema ulcerttion and fibrosis and when fully developed 1
transmural  The earltest bnormalities hyperplasit of Jymphord tissue wnd lym
phedema occur mn the submucosa

Aplithord ulcers are early mucosal lesions occurning in the epithelrum overlymg
lymphoid follicles or 1n assocition with foct of lymphocytic infiltration (Fig 1)

Shallow punched out ulcers 2 to 20 mm i drameter probably represent 1 growth
of the aphtheid vlcers (1g 2) In the sanill bowel they often develop in conncction
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Fig 4 leum Abnormalues
charactenistic of edema contour
of bowed srregutar and mucosat
folds fused

with a Peyers patch In the colon they are often muluple and may coalesce to
longitudial ulcers Larger ulcers (rounded | er

deep 1nto the wall of the ivtestine resembling fissures Longitudinal and transverse
wlers together with atervemng edematous mucosa create the well known cobble
stope " Ct lly the vlcers are ly di

the mucosa and sep d by areas of ed

d over
but otherwise unaffected mucosa
Fibrosis 15 a nofe prominent {eature in later stages and may guwve rise to steictures
The wall of the bowel and the mesentery are d and the m:

varymg amounts of enlarged Jymph nodes

ntery contawns

Distribution The jejunum and oral part of the ileum may be umiformly involved
by superficral ulcers and edema but most often there 1s 2 segmental distrrbution of
the lestons with muluple stoctures m assoctation with more severe ulceration

In the dustal tleum the most aboral 10 to 50 cm are always continuously mvelved
by disease Thes segment and more oral segments may be sharply demarcated but
often no such demascation 1s found The severity of the lestons decreases m the
oral direction and aphthosd ulcess and other manifestations of disease may be found
at sarying distances from the aborally mvolhved segment (Fig 3

fn the colon the macroscopic appearances vary more than n the distal eum
Severe ulceration and cobble stone formanon are the most characteristic features but
the presence of disease may be indicated by edema and superficial ulcers alone
The disconunuous nature of the disease 1s more evident m the colon than 1n the
:‘\51:\ vieum and areas without evident disease are frequently found In segments

"thont mucosal wicerauon the mucosa may appear grossly intact only patchy
murosal atrophy and fibrosis of the musculars mucosae being present

More detailed information of the pathologic features of the disease may be ob
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Fig 5 Distal ileum a) Irregular longitudinal folds b) Broadened folds and absence of folds

taned from previous reports (WARREN & SOMMERS 1954 MprsoN) In this connec
tion only features of interest for the comparison between the morphology and the

radiologic appearances are considered

Results
The radiographic mamfestation of the disease largely reflected the gross patho
logy Thus the earltest abnormalitics observed mn the films were edema of the
mucosa 1nd the submucosa often accompamed by different types of superficial
ulcers With progression of the disease larger ulcers and fibrosis were the man
characteristics However the radiographic appearance of individual lestons vaned
between the small and the large bowel

Small bowel
Edema The mucosal folds were widened 1irregular and sometimes partly fused
and the normal regular outline of the bowel was lost (Fig 4) In the distal ileum the
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Fig 6 Dustal sleum Multiple aphthoid ulcers
Fig 7 Distal fleum Superticial ulcers of different sizes (=) and Jongitudinal ()

edema could also appear as teregular longitudinal folds or total absence of folds
(Fig 3)

Aphthoid ulcers appeared in the films as tiny specks of barium The e ulcers were
ob erved only en face They could be multiple and located charactenstically to the
top of the mucosal folds or could appear 1solated surrounded by a well-defined

halo At py this halo cor ded to a Jocahzed edema n association
with an enlarged lymphosd follicle (Figs 6 7)

Larger ulcers could be observed both 1n profile and en face In the distal tleum
charactenstic Jongttudinal ulcers (Fig 7) together with transverse ulcers and nter
vening non uleerated mucosa created the cobble stone appearance In oral the part

of the small bowel large solitary ulcers were usually assouated with a narrowing
of the lumen

Fibrosss was usually excentne producing psendoverncula of the opposite wall but
could also be concentric causing a more marked narrowing of the lumen As a
certain degree of fleubility could be observed on flueroscopy or be demonstrated
by the 1 h most gs were d 1o be due to spasm

The wall of the bowel was only rarely completely ngid andf so the nigidity mvolved
only a short segment

Thickening of the wall of the sntestine and the mesentery appeared as ngidity and
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Fie9

Fig 8 Colon Edema Transverse streaks of banium contrast in the fully air distended colon
Sprculated profile appearance

Fig 9 Aphthoid ulcers surroundid by a zone corresponding to edema and lymphoid hyperplas s

sepacition of individual loops and was also responsible for the characteristic defor
mation of the cecum

Fistulas developed between adjacent loops of the intestine to pelvic and abdomunal
viscera or to the abdominal wall Sometimes the intesttnal loops scemed to surround
a mass, which usually consisted of a conglomerate of enlarged lymph nodes of
occasionally an abscess

Large bowel

As 1 the smmall bowel the earhest abnormalities were due to edema of the sub
mucosa and the mucosa The radiographic changes corresponding to only a sheht
edema were often subtle and difficult to appraise In post evacuation films the normal
mucosal pattern could be replaced by a nodular appearance or longitudmnal rope hke
folds In a double contrast examination fine transverse streaks of barrum could be
observed en face in profife a shght wrregulinty of the outline of the bowel or 3
discreet saw tooth appearance (Fig 8) Sinmlar abnormalities also occurred in patients
1n whom mucosal ulcerattons had dimnished or vanrshed and e the remaming
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Fig 11

Fig 10 Colon Multple punched-out ulc-rs m profile (=)
Fig 11 Colon Punched out vlcers coalescing to Tongitudmal wlcers (—)

colon 1n several cases of hemicolectomy A diagnosis of edema can only be made (f
the abnormaltties are seen in the {ully air distended colon and involve fong segments
Contemporary with edema or somewhat later small aphthoid ulcers appeared
These ulcers were only observed en face and had a similar appearance to those m
the small bowel {F1x 9) They had a diameter of 1 to 2 mm and were scattered or
arranged mn groups In a few patients they were

and uniformly distaibuted
covenne the entire colonic mucosa and differentiation from ulcerauve colitis was

almost impossible However 1 most patients they were wrregularly distributed
along the length and the circumference of the mtestine and separated by areas of
non ulcerated mucosa

Wath progression of the drsease punched out ulceratrons frequently ovcurred They
were 2 to 20 mm in diameter Often surrounded by a halo When viewed en face
these ulcers appeared charactenistically as a ning of baniem They were oceastonally
observed in profile and then appeared shallow and broad based sometimes with
undermined edges (Fig 10) Like the aphthoid ulcers they were unevenly distributed
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N

|

Fig 12 Anatomic and physical l
basrs for the radwogrphic ap
pearince of (1) punched out

ulcers (b) aphthord ulcers

but sometimes onentated along the temae and could coalesce to form longitudinal
ulcers (Fig 11)

The anatomic nd physical basts for the radiographic appearance of aphthod
and punched out ulcers 1s dllustrated in Fig 12 Both aphthod and punched ont
ulcers were frequently found in all stages of the disease and 1n a small number of
patients they dominated throughout the disease without tendency to grow to more
severe ulcerations

Solitary nodular defects were most common at the lower border of the transverst
colon often with = central deep ulceration (Fig 13) These lesions probably
represented aggregates of enlarged lymphord follicles and appeared m all stages of
the discase They were transtent findings and left behind a decreased flexibiiity of
the wall of the intestine

In more advanced colonic diseise ulcerations of various depth and appearance
were unevenly distrbuted throughout the tvolved segments and confluence of
ulcerations formed longrtudimal and serpigtnous ulcers of virious fengths A typical
cobble stone appearince was observed in 1bout 25 per cent of pattents with
advanced disease It was usually very characteristic but could resemble the pseudo
polyposis of ulcerative colitis

Characteristically  the mucostl lesions had 1 patchy distribution
of non ulcerated mucosa seprating the ulcerations (Figs 10 I1)

A decreased flextbility usually of the lower border of the transverse colon or the
medinl border of the ascending and descendmng colon caused convergence of the
haustral markings or in more advanced cases siccular dilatation of the contralateral
border These abnormalities were caused by flibrosis which also caused single or
multiple strictures In more advanced cases the fibrosis sometrmes caused a more
marhed narrowing of the lumen and a shortening of the entire large bowel

with areas
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Fig 13 Colon Soluary podular
defect Profile view with a deep
«eatral ulceration (=}

Fistulas were observed 1 the anal region but were otherwise Jess common n the
colon than 1n the small bowel

In 20 patients a lassing feston {SCHOFIELD 1965) was observed 1 the sigmond
colon This leston was caused by encroachment of the colon by disease of the
neighbounng distal slesm (Fig 14)

Medical treatment as a rule caused no charactenistic alteration However in
2 panents treated with diversion by ileostomy and cortisone enemas the mucasa

changed and assymed a very smooth granular appearance indistinguishable from
ulcerattve colitis

Accuracy of radiographic techmque
The h

used were d as to therr effe m
demonstrating different types of lesions n revealing the presence of disease and 1n
reveahing the extent of disease

Small bowel examnation was performed in 172 patients The follow through tech
fnique was used exclusnely 1n 160 patients the enteroclysis technique exclusively 1n

3 and 9 patients were cxamined by both techniques The films were compared with
microscopic findings tn 169 patients
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Fig 14 Heum (+>) with hissing
lesion 1n the sigmoid colon (—)

The follow through techmque revealed only gross abnormalities All 7 patients
with widespread smafl bowel disease had symptoms long before a radiographic
diignosts could be made The presence of disease in the distal tleum was revealed
142 of 146 patients while no radiographic diagnosis could be made 1n 4 The extent
of disease could not be 1ssessed tn any of the patients

The enteroclysis technique gave more detailed information Aphthoid ulcers and
slight submucosil edema could be demonstrated However these lesions were
demonstrated with a varying degree of accuracy and the extent of disease could
not be adequately assessed tn any patient

Large bowel exammation The double contrast exagunation was used 1 a total
of 146 prtients In 92 of 94 patients with colonic Crohns disease the films were
compared with the microscopic findings

Gross lesions were consistently demonstrated but mimor lesions with a varyme
degree of accuracy depending on the technical quality of the examinations In those
of good quality, a high degree of correspondence always existed between the rado
graphic and the macroscopic findings

The presence 1nd extent of disease as compared with the findings 1 the resected

were adeq ly d rated tn all 92 p However considening
thc ongmal reports of the radiographic exammahcns 1t was found that lesions
involving long segments of the colon were overlooked 1n 28 patients In 14 of thest
patients the diseased sepments were resected at operation but 1n the remaming 14

the lestons were left behind
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Discussion

For many years the surgrcal management of Crohin s disease “\0:‘ ‘:ms“ “::
Targely conservatwe and duedted mamly towards complications of the }"“a
Therefore a more refined radiologic diagnosis was not needed and radiography “135
mostly perfotmed for the purpose of dif 14 The gross grap
features of the disease were well known and their presence was evident even to the
Less expenenced radiologist The morphologic pasis for the abnormalities was also
well recognrzed at operation Duning the past $ to 10 years the surgical attirude to
the disease has chang~d 1 many centers A trend towards eatlier and more tadical

1 proced fas appeared amung at removal of macroscopreally affected
segments of the bowel (WALLENSTEN 1971) C Iy the d ds on radrol
have increased The diagnosis of mnor mucosal and submucosal lesions 15 now
considered 1mportant These lesions often indicate the macroscopic exient of the
disease and they cannot be d at op by external or palpa
tion

The small bowel 1s the most difficult part of the gastrointestmnal tract to explore

at radiography Macroscopreally observed lestons i the resected specimens were
not satislactonily demonstrated by any of the techruques used In accordance with
the results of other authors (DYER te coll 1970 OssorN & FRIEDLAND 1973) the
folfow through technique revealed gross lesions only while with the enteroclysss
techmque 11 was possible 10 make a diagnosiy also of mmor mucosal vicers and of
slight submucosal edema 1t the distal leum (EKBERG 1977) However due to the
topographic anatomy of the small bowel munor lestons 1n orally located segments
Were not sauisf: d d C ly the extent of disease 1 the smal)
bouel cauld niot be adequatefly assessed by euther of the two techmques used

In large bowel examination performed by the double contrast technique there
was & high degree of cor d between ly observed lesions and
the radiopraphic Hndings The present results clearly indicate that m films of good
technical quahity it 1s always possible to make 2 radiographtc diagnosis of even
minute mucosal and submucosal lestons i the colon

The explanation of the radiograph of ab, N

with sheht edema 10 the mucosa and submucosa 15 still obscure Probab]ry it
produced by deepening and straightenmg of the shallow cteoumierenuial FIOBNEY
{the innominate lines) that normally eust in the colomec mucosa Due fo the dis
tension of the colon by wr these grooves normally are only faintly visible However
when edema 13 present the mucosal Tidges between the grooves are not flattened and
banm 15 Tetained 1n the grooves When the colon s not fully disteaded a stmtar
appearange may oucur alo m the normal colon According to Wi L1avs {1965)
the innonunate hines are visible n about 25 per cent of double contrast examinations
though often only alter careful search and often covenng only a few centmeters
This s in agreement with the present expeniences MATSUURA et coll {1977) stated
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that, using a special technique, the mnc ite Jines are di rable 1n about 9
per cent of the exammations Both WiLLiaMs and MATSUURA et coll emphasized
the norml nature of the innominate lmes and furthermore MATSUURA et coll
suggested that their absence 1s indtcattve of 1 pathologic process This 1s not consistent
with our experience. With the technique described by WrLIN the imnominate hines are
not visible at all in 2bout 75 per cent of all examnations If they are clearly demon
strated 1n detail ind involve long segments of the colon it 15 a definite though non
specilic indicator of a pathologic condition such as colitis prolonged diarrhoea
laxative 1buse or evident edema Microscopy of excised specimens and biopsies trom
ares with visible innominate lines at ridiography has shown that edema 1s present
n the submucosa Consequently 1t seems plausible that the edema s responsible
for the radiographic 1ppearance

Aphthord ulcers in the colon were overlooked 1 many patients, according to the
onigmal reports Probably they were considered to be artefacts However they
hive a characterisic appearince especrally when they are surrounded by a hale
and should cause no diagnostic diffsculty

Ring shaped punched out ulcers were also originally overlooked m many patients
In Crohn s disease they occurred 1 ll stages of the disease nd were most often
numerous A stmilar type of ulecer may somettmes be obscrved 1 other types of
colitss but are then occastonal findings 1nd few 1n number In ulcerative cohitis the
have less well defined marguns and should ciuse no differential diagnostic difficulty
The punched out ulcers should be constdered characteristic of Crohin s disease

For many years various methods of radiogriphy of the colon hive been discussed
The most widely used method scems to be the high AV bartum enema Recently
MARGULIS (1976) recommended this method for routie use and suggested that the
double contrast exarunation should be used only as a supplementary method Ina
reply to this communtcation MiLLER (1977) advocated the awr contrast colon exam!
nation for patients with 1 high nisk of colon malignancy He also added that there
may be certain exceptions to the use of the ar contrast technique and that the
diagnosis of mflammatory bowel diseise may be such 1n exception However, i
the present series 1t was clearly proved that the assessment of the extent of disease
1 one third of the patients was largely dependent on the radiologte demonstration
of superficial ulcers Aphthord uleers have not been reported wiien only barum
enema 1s used Experiments 1n progress i this department clearly mdicate that they
are not demonstrable by this technique

It might be argued that the demonstration of these lesions lacks practical n'n[
portance However the present results mdicate that their demonstration has severdl
adyantageous consequences

(1} An earlier dingnosis of colitrs 1s possible 1 many patients

(2) Colonoscopy will only have to be used in exceptronal cases as even very
delicate mucosal details will be demonstrated by 2 properly performed double
contrast examinatton (FRASER & FINDLAY)
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(3) The differentiation Irom other types of colis 15 rendered more facile {(LAUFER
& HamiLton) A proper evaluation of the discontinuous nature of the lesions w
Crobn s disease 15 niot possible by the barum enema technique and nether will
aphthoid or punched out vlcess be demonstrated Consequ-ntly ustng the barm
enema onty the differential dagnosss between Crobn s dusease and vlceratve colitts
pecomes more difficnlt a fact that 15 refiected by anter observer vanations of about
25 per cent 1 most reported series (MARGULS ef coll 1971 Newsow et coll 1973
Kigsner 1975)

(4) The extent of colomic disease can be adequately assessed T
indicates that exciion of fly mvolved of the bowel unp
the graguosts both concerning postoperative complicattons and recurrence of the
disease (WALLENSTEN)

Thus 1t 1 enident ghat the double contrast technique should be used routin~ly
not only 1 the search for tumors but also 1n patients with evidence of vhnscal
suggestion of colitis

SUMMARY

Preoperative fifms of 176 patients operated upon for Crobn s disease were revicaed and
compared with microscopw findings 1n the resected specimens m order to assess the
accuracy of the radiographic techmiques used It was found that a dhagnoss of the presence
and the exient of the distase was often tiependent on the demonsiration of mmor mucosat
alcers and fess marked submucosal edema These lestons were not adequately demonstrated
by any of the techniques used for small bowel exarmination but were consistently revealed
by the double~ontrast techmique used {or examunation df the colon

ZUSAMMENFASSUNG
O prioperativen File von 176 Palienten de wegen @iner Crohas Erkrankung opersiert
worden waren wurden retrospektiv urd mist den mik hen Befunden n
den A lchen um die G X

gl der verwendeten rontgenologr
schen Technuk festzustellen Es wurde gelonden dass dic Diagnose des Vorkommens uxgmd

des Ausmasses der Erkrankung oftmals vom Nachwers von gerin;
geren Ulcera der Mukosa
und wemger ansgepragien Submukosa demen abhangeg 1st Diese Veranderungen werden
g:;ch l;emehder Techniken die fur die Dunndarmuntersuchungen verwendet werden
quat pachgewwesen werden jedouh stels ks des Deppetkontrast Teconk @
Untersuchung des Kolon verwendet wird {estgesteltt ik due Tar die

RESUME

Les radiographues pré opesatores de 176 malades operds o
::vues et comparées avee les resuliaty microscopiques 5; paé::sm::f:c?:escritn g nl‘ i
PrEemon des techniques radiographitques utilisées Les auteurs ont conslatp ) ;a i
gnosnc de la présence et de | etenduc de cette affection dépend sousent de didn
ence de penites ulcéranions mugqueusts et d cedémes sous muqtieus moms :1;’1:::1;" ge‘s



622 J HILDLLL, C LINDSTROM AND A WENCKERT

that, using a special techmque the nnomimate Imes are demonstrable 1 about %
per cent of the examimauons Both WiLLIAMS and MATSUURA et coll emphasized
the normn! nature of the innominate hines and furthermore MATSUURA et col
suggested that their 1bsence 1s indicative of 1 pathologic process This 1s not consistent
with our expericnce. With the techmique described by WELIN the innominate lines are
not visible at all in about 75 per cent of 11l examunations If they are clextly demon
strated m detarl 1nd mvolve long segments of the colon 1t 1s a deftnite thoush non
specific ndietor of 1 pathologic condition such as colitis prolonged diarthoea
lx1uve 1buse or evident edema Microscopy of exeised specimens and bropsies fron
are1s with vistble mnominate fimes 1t radiography has shown that edema 15 present
in the submucosn Consequently 1t scems plausible that the edema 1s responsibl
for the radiogeiphite 1pperrance

Aphthoid ulcers n the colon were overlooked 1 many patients according to the
origm reports Probably they were considered to be artelacts However, ey
hue 2 charetenstic appearance especrally when they are surrounded by a halo
and should cause no diagnostic difficulty

Ring shaped punched out ulcers were also orignally overlooked 1n many paticats
In Crohn s disease they accurred wn ll stages of the disease and were most often
numerous A simular type of ulcer mny sometines be observed 1n other ypes d
colitis but are then octasional findings and few tn number In ulceratne colitis they
have less well delined margins and should eruse no differential diagnostic difficulty
The punched out ulcers should be considered charactenstic of Crohns diseise

For miny years virious methods of radiography of the colon hive been discussed
The most widely used method seems to be the high KV barium enema Recently
MARGULIS (1976) recommended this method for routine use mnd suggested that the
double contrist examination should be used only as 2 supplementary method 13
reply to this communication MiLLER (1977) advocated the air contrast colon exam
nation for patents with 1 lugh risk of colon mahignancy He also added that lhe}r‘c
may be certun exceptions to the use of the air contrast technique and that th
diagnosis of nflymmatory bowel discise may be such an exception However, 0
the present series it was clearly proved that the assessment of the extent of dlsfﬂ“
mn one third of the patients was Inrgely dependent on the rdrol !
of superficial ulcers Aphthord ulcers have not been reported when only banum
enemn 1s used Experuments i progeess in this department elearly mndicate that they
are not demonstrible by thus technique

It mught be irgued that the demonstration of these lestons incks practical lﬂ‘ll
portance However the present results mdicate that their demonstration has scverd

advantageous consequences
(1) An earlier diagnosis of colttis 1s possible 1n many patients
(2) Cotonoscopy will only have to be used tn exceptional cascs as even vefy
delicate mucosal detals will be demonstrated by a properly performed double

contrast exannation (FRASLR & FINDLAY)
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Iesions ne sont pas convenablement muses en évidence par aucune des techmgues uhlisées
pour les examens de { intestion grele mas sont decelées de fagon constante par la techmique
en double contraste uttlisée pour ) examen dut colon
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Fig 1 Equipment for applca
tian of abdommal compression
Electric fan and rubber balloon
(23 cm » 50 cm) with encirchng
bandage (25 cm wide)

SANDMARK (1963 2) showed that the discrepancy between results of radiography and
other methods may pastly be due to the fact that the density of barum meals 15
consderably tugher than that of normal gastnc contents Contrast media have
therefore been prepared to be tsodense with water {10 gfem?)

The aum of the following investigation was to make use of such a contrast medium-—

polytodostyrene (HAGSTAM & SANDVARK to be published)—1n an attempt to evaluate
a for the of pathol

gastro hageal reflux easily
reproducible and to ascertan what mechanism constitutes the most smportant
means of protection against Teflux

Method

The easiest way to provoke gastro oesophageal reflux and hiatal hermation 1s to
\ncrease the intra abdomunal pressure 4o that a pressure gradient across the draphragm
1s obtamed A normal deep inspiration may produce a difference 1n pressure of
about 10 XPa (75 mmiig) between the abdomtnal and thoracic cavittes

A square robber balloon (23 ¢m % 50 em) with an encircling bandage (25 cm wide)
was fixed over the patient s abdomen 1n order to obtain 1ncseased ntra abdorminal
pressure 1n a constant feproductble way The rubber balloon was connected to an
electric fant (Fig 1) which at constant speed marmtainis a constant pressure m the
baltoon srrespective of the volume of the balloon By varying the speed of the fan
the pressure n the balloon varied to a maximum of 73 kPa (55 mmHy) corse
sponding to a maximum incfease m ntra abdommal pressure of 2 7 kPa (20 mmHg)

The contrast medjum used P oontrast (research preparation manufactured by

Fernng Pharmaceuticals Malmo Sweden) consists of sphertcal particles of poly
10dostyrene comprising h 1

p closed air g cells The
product contams about 50 per cent of sodine chemically bound The particle dia

meter vanges from 0210 0 5 mm and the density 1509010 1 10 The particles are not
resorbed and the density 1s not altered dunng the passage through the gastro

imtestinal tract The particles are dispersed m a low viscosity diluent (0 252, Keltrol
solution) Each examination requires 25 to 30 2 P-contrast dispersed 1 about 150
ml diluent The pauients were examined 1 the supine horizontal positon with the
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A normally eflicient clamping mechanism between the stomach 1nd the oesopha, 1S
prevents backflow of gastric contents into the oesophagus Constderible dilference
of opimion exists s to the anatomic 1nd functional basts of this mechamsm (INGEL
FINGER 1958 EDWARDS 1961 1973) The presence of a sphincter in the fower part o
the oesophagus his been inferred from intral | pressurc me ts and
there 15 1 widespread conception that such a sphincter constitutes the most mportant
protection 1gunst reflux rrrespective of whetiier the location 15 m the hratat channel
or—as mn the case of a sliding hernta—in the thoracie cavity (ConeN & HARRIS 1972)
However, there 1s also conflicting evidence an operation for hatal herma with
reposition of the stomach into the abdomen and with constrction of the hratal
channel cn obviate a reflux previously eusting without implying any change in the
condition of the lower oesophageal sphincter 1t therefore seems reasonable to con
sider whether a normal oesophageal hratus does not in itself constitute 4n important
means of protection agunst gastro oesophageal reflux

Numerous mcthods are avaiable for di riing gastro cesoph 1 reflux,
most of them madequate Reflux of a conventional barium meal (density between
{ 4 and 1 8 glem?®)} often correlates poorly with results from other chinscal methods
BLnneTT (1973) consdered that the radologieal 1ssessment of reflux 1s subject t0
so many vagaries of behaviour by both prtient and radiologist as to be meaningless

—
Subrmitted for publication 31 March 1978

Acta Radiologica Diagnosis 20 (1979) Fase 4
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Table 2
Radrography compared wish oesPphagoseopy
o of Oesophagis  Stricture
=
No hernzation 23 0 1)
Minar hermaton 126 61 20
Mayac hermation 42 26 1
Total 151 R? k1t
Table 3
Radiagraphy compared with ovsophagoscopy
™o of Qesophagitis  Strictare
cases
e —————————
Competent hiatus
No hermatien pA} 0 o
Munor hermation st 9 3
Major hernsation 3 1 Q
Total 20 10 3
Iacompetent hiatus —no ocsophageal seflux
Mugor berniation 10 4 2
Magor herniation 17 6 3
Total 27 10 5

fncompetent hiatus + cesophageal reflux
Minot hermation

4% 1s

Major hermation 2 9 13

Total 123 (3] 2
1 pressure n the ph: was carned out i every

wase After the patient Had drunk about 200 mt of water the intra abdominal pressure
w3s wereased 1n the same way as dunng radiogeaphy, and the intra {uminal pressure
was recorded simaltaneously at three levels (SANDMARK 1963 b)

Materiaf

Durning the years 1973-1977 radiographv with P-contrast was carried out on 191
patients with symptoms of gastro-ocsophageal reflur Age and sex distributian
gnen in Fig 2 None of the patients had undergone surgery of the stomach of

tional

phag d with barim had demo,
P st
them had a hiatal hermation rated that most of
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No,
60
S0
114
30
20

Fig 2 Age and sox distrbution of the 191
patients (females ~ hatched columns)

16 20 30 40 50 60 70 80 40
years

night side turned shightly upwards About 100 ml of P contrast was ingested and by
TV fluorascopy the following factors were assessed (1) The propulswe penstal
and 1ts ability to empty the oesophagus from contrast medum (2) After the mtra
abdominl pressure was increased the patients ingested the rem uning 1mount of
P contrast and the ability of the pertstalsis to empty the oesophagus from medium
ws eviluated (3) The presence of hiatal hermation assessed

The criterton for « munor hernration 1s the location of the sphincter and the mucosal
junction 1t Jeast 1 cm above the hiatus {¢f WoLr 1970) The cniterion for a major
hernintion 1s a4 diameter of more than 5 cm

The pressure was then relteved and 1f necessary the examination couch raised for
emptying the oesophagus and a herniation The pressure was then increased again
1 order to note (4) transport of contrast medum up through the hiatus to a hermated
part of the stomach and (5) reflux of contrist medium nto the oesophagns

Supplementary exanunations Qesophagoscopy w1is carried out on all patents
mostly with 1 strught and ngid oesophagoscope under general anaesthesia butm
some cases with 1 flexible fibre oesophagoscope (Olympus) under local anaesthesia
Biopsies were taken when necessary

Table 1
Findings at cesophagoscoph

No of Fibrous

Ousophagoscopy
cases stricture
No oesaphagitis 64 2
Slight ocsophagitis {redness oedema) 30 5
Severe oesophagitss (ulceration
fibrin coating blieding) 57 24
191 3t

Total



vX 629
JIATAL INCOMPETENCE AND GASTRO-OESOPHAGEAL REFL

Table 2

Padiography comprred with oesophagoscopy

No of Oc¢sophagis  Stncture
e ——
0
No heration k] 6!: 5
Migor herniation 126 4 2
Magor herniation 4
Total 191 87 3
Table 3

Radography compared with oesophagoscopy

No of Qesophagitis  Stricture
cases
atu
Lo:x::::uons 23 0 0
Minor hermation kY 9 3
Major hermation 3 1 [
Total 80 10 3

Incompetent hiatus  no vesophageat reflux
Mugor herniation

4 2
Major hermation 1 13 3
Total b1 10 5

TIncompetent hiatus + oesophageal reflux
Munor herniation 48 15
Major herazation 2 % 8
Total 84 67 23

1 pressure 1 the t was carried out 1y every
case After the patient had drunk about 200 ml of water the intra abdomunal pressuse

was iereased n the same way as dunng radiography and the intra lamnal pressure
was recorded simultaneously at three levels (SANDMARK 1963 b

Material

Duning the years 19731977 sadiography with P-contrast was carried out on 328
Ppatients with symptoms of gastro oesophageal reflux Age and sex distribution 1s
Biven m Fxg 2 None of the patients had undergone surgery of the stomach or

1

a b

phy with barum had demonstrated that most of
them hada hmal hermation
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Results

The findings at oesophagoscopy and radiography with P contrast at raised intra
abdominal pressure appear yn Tables [, 2 and 3

Of the 10 patients with a competent hiatus (Table 3) and oesophagitis 3 had severe
oesophagitis one had mycosts (microscopically confirmed) one was a grave alcoholic
and one had a myor herniation with only a weak perstalsis in the oesophagus 7
had only shght oesophagitis

Huatal incompetence and gastro oesophageal reflux were present in various degrees
In some cases the contrist medium trickled through the huatus and occasionally up
Into the oesophagus whereas 1n other cases retrogride passage of the hiatus was
instant and massive, straight up nto the oesophagus without imtial filling up of 2
hiatal hermation The latter occurred most often m connection with a mmnor hiata!
hermation

Varwous degrees of penistaless in the oesophagus were recorded In some cases the
propulsion was strong enough to empty the oesophagus despite increased mntra
abdomunal pressure but n other cases the oesophagus was not emptied even when
the pressure was normal

Abnormalities indicating oesophagitis were most severe tn patents ith ann
competent hitus 1nd 1n oesophagus with poor drainage power

The results of the miriluminal prussure measurements are m this contest only
briefly reported In the majority of patients it was posstble to locate the lower o
sophageal sphincter (high pressure zone) above the matus (pressure inversion paint)
suggesting hiatal hermation: With rused intra abdominal pressure 1t was possible it
most pitients with herniation to record increased pressure within a segment above tne
hiatus at least 2 cm n length—suggesting hiatal incompetence or gastro oesophageal
reflux

With regard to the presence of hyital herntation the results of radiogriphy with P
contrast agreed well with pressure mesurements In some patients with pressure
changes indicating hiatal tncompetence and gastro oesophageal reflux on the other
hand radrography showed 1 liatal hermation but no incompetence o

With regard to ocsophagitis as demonstrated 1t oesophagoscopy correlation ““1
hiatal incompetence was better 1s indreated by radiography than by mtr:xlummat
pressure measurcment No complete correlatton was found between ocsophagitis @
oesophagoscopy and pressure at rest in the lower oesophageal sphincter

Discussion

Normally the oesophagus passes through the hratus and the transttion to the
stomach 1s i the abdomtnal cavity If the pressure 1 the abdominal cavity 1s higher
than that n the thoracic cawity the stomach 1s pressed up against the hiatal channel
and sometimes partly through it VesTny & AARNUS (1966) reported that radio
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Fig 3 Competent hiatus The folds
of the mucous membrane m the
stomach are compressed and gavine
Tonients wanhot Pass up nto a het
tated patt of the stomach

gmphy mvanably dermonstrates parts of the stomach above the Matus if the ntra
i pressure 15 suft ly wereased Different methods of radiography are
associated with considerably varymng pressure differences between the thoracic and
abdominal cavities It can be very difficult to decide whether or not a pathologic
shiding herria 1s presemt The present standardized rethod of imeteasing the pressire
maintains the pressure Gifference between the thoracic and abdommnal caviies more
or less constant from panent to patient and from examnation to exammation
unproving the diagnostic accuracy of hiatal hernration
The presence of gastro oesophageal reflux 15 of ebmcal sigmficance The stomach
15 wider than the cesophagus When with imcreased mira abdominal pressure the
stomach 15 press d up towards and possibly mto the thoracic cavity the part that
passes through the heatal chanvel 15 compressed which may prevent the retrograde
passage of jastne contents In pnnupl~ thas constitutes a valve mechanism sn the
hiatus (Fig 3) or (Fig 4) With the presence of gastro
oesophagea) reflux gastric contents can also be forced through the lower oesophageal
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Results

The findings 1t ocsophagoscopy nd radiography with P contrast af tassed ntra
abdominal pressure appear 1 Tables 1, 2 and 3

Of the 10 patients with a competent hiatus (Table 3) and oesophagitis 3 had severe
oesophagitis one hid mycosis (microscopically confirmed) one wasa grave alcololic
and one had a myor hermation with only a weak penstalsis wn the ocsophagus 7
had only shght oesophagitis

Hrtal incompetence nnd gastro oesophageal reflux were present in various dearces
In some cases the contrast medium trickled through the hiatus and occastonally vp
mto the oesophagus whereas 1n other c1ses retrograde passage of the hiatus was
mstant 1nd massive strught up nto the oesophagus without imtal Riling up of 8
htatal hernintion The latter occurred most often 1 connection with a mimnor hiatal
hermtion

Various degrees of penistilsts in the ocsophagus were recorded In some crses the
propulsion was strong cnough to empty the ocsophagus despite increased ntra
abdominal pressure but in other cases the oesophagus was not emptied even when
the pressure was normal

Abnormilities indiciting oesophagitis were most severe 1 patients with an m
competent hintus and an oesophagus with poor drainige power

The results of the ntraluminal pressure measurements are i this context only
briefly reported In the majonty of patients it was possible to locate the lower 0¢
sophgeal sphuncter (hugh pressure zone) above the hiatus (pressure inversion point}
suggesting hoatl hiernation With ¢ used satra tbdomunal pressure it w 15 possbk
most pattents with hernition to record increased pressure within 2 segment above the
Tiatus 1t least 2 cm in length—suggesting hiatal incompetence or gastro oesophaccﬂl
reflux

With reg ird to the presence of hiital herntion the results of radiogriphy with P
contrast agreed well with pressure measurcments In some pattents with pressure
changes indicating hiatal mcompetence and gastro oesophigenl reflux on the other
hand radiography showed 2 ltal herntation but no incompetence

With regard to oesophagitis 1s demonstrated at ocsoph1goscopy corrclation with
Tiatal incompetence was better as indicted by radiography than by wtrafuminal
pressure measurement No complete correlation was found between ocsophagis at
ocsophagoscopy and pressure at rest in the lower ocsophageal sphincter

Discussion

Normally the oesophagus passes through the hntus and the transiton to the
stomach 1s 1n the abdomun il cavity 1 the pressure in the abdomnal cavity 1s higher
than that in the thoracic cavity the stomach 1s pressed up agunst the hiatal channel
and sometimes partly through it VEsTey & AAnnus (1966) reported that ridio
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Fig 3 Competent htatus The folds
of the mucous membrane in the
stomach are compressed and gastnic
contents cannot pass up into a her
mated part of the stomach

graphy invartably demonstrates parts of the stomach above the hiatus if the mtra
abdommal pressure 15 suffictently increased Different methods of radiography are
associated with considerably varying pressure dulferences between the thorack and
abdominal cavities It can be very difficult to decide whether or not a pathologic
shding herma is present The present standardized method of increasing the pressure
maintains the pressure difference between the thoracic and abdominal cavities more
of less constant from patient to patent and from examination to examnation
improving the dtagnostic accuracy of hiatal hermation

The presence of gastro oesophageal reflux 15 of climcal significance The stomach
15 wider than the oesophagus When with increased tntra abdomunal pressure the
stomach 15 press d up towards and possibly 1nto the thoracic cavity the part that
passes through the hiatal channel 1s compressed which may prevent the retrograde
Easme of gastric contents In principle this constitutes a valve mechanism 1n the
1atus

(Fig 3) or (Fig 4) With the presence of gastro
oesophaeal rellux gastnc contents can also be forced through the lower oesophageal
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amount of gastric contents can be pressed up mto a large herniation without the
sphincter pressure being exceeded

Oesophagiuis was uncommon with a competent hiatus more common with anim
competent hiatus without reflux, and most common when the hiatus was incompetent
with reflux In no c1se was reflux present without hermiation

The hnutal mechamsm appetrs at least as important 1 contribution 1o the protee
tion ngunst reflux s does the lower oesophageal sphineter

A further factor to be taken 1nto consider 1tion i the analysis of reflu o~sophazits
ts the drunage power of the ocsophagus The most severe oesophagitis was found
m patients with 1 poor propulsive penstaltic power

The density (weight per unit volume) of the contrast medium 15 important w the
demonstration of latal mcompetence and gastro ocsophagenl reflux The radwo-
griphic method described employing barrum sulphate or gastrographin as contrast
agent 1s less adequate in demonstrating Juatal incompetence and gastro oesophaceal
reflux i patients with oesophgitis at oesophagoscopy ind gastro oesophageal refiux
at mtraluminal pressure and pH mensurements (SANDSARK 1963 1) This gave o
1o the preparition of contrist medin with the same density (10 g/emd) as ordinany
gastric contents In order to muntun this density the contrast medim must have s
reintively fugh viscosity Developmental forms of such medin have been employed
n more than 200 patients who had hiatal herntation with or without oesophagits
Even 1n the ease of patients with severe ogsophagitis 1t was very difficult to dumon
strite hintal incompetence The plugging of the luatal chnnel was too efficient and
considered to be 1n effect of the high viscosity of the contrast medin This obsena
tion led to the development of a viscous preparation (Gaviscon) for the treatment of
reflux ocsophagitis (SANDMARK & ZINk 1964)

P contrast constitutes 7 medium with relatnvely low viscosity (100-200 cps) and
with 1 density of 10 g/em® The fact that it has the same density 1s ordinary gustne
contents means that gastro ocsophagel rellux cn be demonstrated with the patiet
1n any posttion {even standing) When heavy banum sulphate 1s used the pitient has
to be posttioned 1n such a w1y (with head lowered) that the barium susp nsion C;ﬂ
be pouted nto the hnttil channel tlhus constitutes 1 source of error nasmuch as the
heavy medium itself exerts some pressure on the hiatil channel .

In order to provide the chnictan with adequate informtion n the cise of possible
reflux ocsophagitis the radiographic exanunation should demonstrate whether (1) 2
Tiatal hermiation 1s present (2) the hiatal mechamsm s competent or incomp-tent
(3) the sphincter 1s capable of preventing reflux 1n th= case of hratal incompetence
and (4) the perstalsis 1s adequate cnough to drun the oesophacus

Exumimations with P contr st can be carnied out quickly and the results correlate
well with the patients symptoms and with results obtained by other clinieal methods
Many years of experience with varous radrogriplic contrast medin show (h::
pathologic hiatal mcompetence and gstro cesoph ige ] reflux c1n be demonstr e
with greater tccuracy by use of P contrast than by 1ny other contrist medium
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SUMMARY

Gastro-oesopbageal reflux and fuatal incompetence were analysed m 191 patients us(n’g
a new radiographic contrast medum polytodostyrene with Yhe same density {1 0 gfem®)
as ordmary gastric contents and correlated with supplementary oesophagoscopy and ntra
luminal pressuré measurements A normal hiatus seems to be an ymportant protection
agamst gastro oesophageal reflux An incompetent iatus mvolves a real risk for oesophagt
tis Alow density low wncosity contrast medum improves the roentgenologic diagnosis of
gastro oesophageal reflux

ZUSAMMENFASSUNG
Ber 191 Patienten wurde der gastro-osophageale Reflux und die Hatus Schwache unter
Ve dung eines neuen hen k Is P d mit der gle

y

chen Dichte (10 gfom?) wie der gewohnliche Mageninhalt untersucht und mut den osapha.
goskopischen Pefunden und ntralusmnalen Pruckmessungen korreliert Ean normaler
Huatus scheint emn wesenthicher Schutz gegen gastro-osophagalem Reflux zu sen Emn
suffizzenter Hiatus bedeutet emn wirkliches Risiko fur eme O ophagitis Ein Kontrastmttel
son niedriger Densitat und niedniger Viskositat die

emes gastro osophagealen Refluxes

RESUME

Le weflux gastro cesophagien et 1insuffisance hiatale ont £4& etudies chez 191 malades
grace a un nouveau moyen d¢ contrasie radiographique le polytodostyréne qui  la meme
densité (1 0 glem ) que I¢ contenu gastrigue ordsnasre les resultats ont ete correles avec une
wsophagoscopie complementaire et une mesure de la pression mtraluminale Ua hiatas
normal parait etre une protection importante contre le reflux gastro cesophagien Un hiatus

nsuffisant comporte un réel nsque d msophagite Un moyen de contraste de faible densite
et de fable viscosite ameliore le

du reflux
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ADRENAL ANGIOGRAFHY IN SIPPLE 5 SYNDROME

L Exeiunp and § Hoevers

Medullary carcinoma of the thyroid may be associated with other tumors The
most {: 1y reporied 1s pheoch (StepLE 1961) 1
n 3 famibial assocration When pheochromocytoma occurs in affected family mem
bers 1t ts bilatera) 1n two thirds of the cases (LIUNGBERG 1972) Even if more than
’00 patients i multuple families have been d since 1961 h:
of the phe t 1s rare Therefore 1t was considered
motnated to report adrenal angiography 1n 8 patients with Sipple s syndrome

Matena! and Methods

The maternal comprised 8 patients 3 females and 5 males aged between 29 and
59 years All patients had medullary carcinoma of the thyroid Six of the patients
had relatives with Sipple s syndrome while no famlial association could be traced

1n 2 Five of the patents were normotensive while 3 had elevated blood pressuces
All of the patients had lab y evidence of (efevated unnary
vandlyl mandelc acd)

Abdominal aortogmphy was performed 1n n]l pauents and additsonal bilatera]
adrenad angopraphy in & Bilateral graphy was performed 1n 4
patients and unilateral phlebography in further 2 All cases but one were confrrmed

By surgery and subsequent microscopy All patients had adrenergic blackade \mh
phenotyb before the phy No

were

Submitted for publication 18 September 1978
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L TRELUND AND | HOLVLLS

Table

Surmmary of findigs 1 8 patients wuh Stpple s syndrome  The urinary vamihi mandelic acd vas
elecated tn all cases

Case Age  Famd ¥iyper  Angiography Phicho-  Surgery  Mucroseepy
No and assoc tension graphy
sex
1 SILF  + - 3 x4 cm hypenase - R adrenal  Bilateral
mass L. adrenal ectomy 1966 pheochro-
(asynchron ) 1 adrenal mocviomas
ectomy 1976
2 aM - - 6x7 cm moderately L displace  Bilateral Bilateral
vasc mass R ment of adrenal pheochro-
5x45emhypovasc  ‘vemns ectamy mocytomas
mass L Hepatic
metastases (med
thyroud ¢a )
3 MM+ + Fnlarged hypervasc  Enlarged  Bilateral Bulateral
L adrenal 5 mm L adrenat  adrennt medullay
hypervasc lestonm Normal R ectomy hyperplasis
normal sized R
adrenal
4 S9M - Biateral hypervase  Irregular Not —
lesions veins L operated
Displace upon
ment R
5 S3F -~ + Bilateral hypovasc L displace R adrenal Bilateral
masses (asynchron)  ment ectomy 1970 pheochros
L adrenal mocylomas
ectomy 1971
6 M+ - 35x2cmhypervasc L displace I adrentl Pheochro-
lesion L adrenal ment ectomy mocytomd
Normal R R normal
7 54F + + Large calailted mode  — 1 adreant Pheacheo-
rately vasc mass L ectonty mocytomd
adrenal
8 amM - 5 cm moderately vasc L displace L adrenal Pheochro-
mass L adrenal ment & ectomy mocytoma
Normal R sregular
yemns
R normat
Results

A summary of the clinical and angiographie findings 15 given n the Table
Bilateral fesions were found m 5 patients i 3 diagnosed stmultineously and i
the other 2 with one and 10 years mterval respectively One 51 year ofd woman
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Fig 1 Case1 51 year-old wom
2n previously operated upon be
cause of medullary carcinoma of
the thyrod and nght pheo-
chromocytoma Selective angio-
graphy of teft middle suprarenal
arnery 3cm 4 em hypervascu
lar adrenat mass

«Case 1) with Sipple relatves was previously operated upon because of medullary
carcinoma of the thyrord and night pheochromocytoma (hypervascular at angio
graphy) She now complaned of attacks of tachycardw and had laboratory enidence
of a recurning h 11 A h luding selective
of the left rmddle suprarenal artery disclosed a 3 cm ¥ 4 em large hypervascular
adrenal mass which was removed and proved to be a pheochromocytoma (Fig 1)
Elevated unnary vaniilyl mandehic acid was found 1 a 48 year old man {Case 2)
with medutlary carcinoma of the thyroid but without known famibial assocration
of Sipple s synd He was nor and p Abd | aorto

graphy and bilateral selective adrenal angiography revealed bifateral adrenal tumors
(Fig 2) Bilateral 1 was perf and py d d bt
tateral pheochromocylomas At surgery liver masses probably metastases were pal
pated At postoperative hepatic angiography multiple hypervascular liver metastases

were demonstrated {Fig 3) Biopsy demonstrated these to be secondary to the medul
lary thyroud carcinoma

One 34-year-old mate (Case 3) from a Sipple famuly was found to be hypertensive
with attacks of tachycardia and sweatening His nninary vamllyl mandelic acid was
clevated Abdominal aortography and bilateral selective adrenal angiography showed
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Fig 2 Case 2 48 year old man with medull2
carctnoma of the thyrord normotensive and @
symptomatic a) Selective angrograpny of anfertt
suprarenal artery 6 cm 7 cm moderately vasu
larized tumor with smgle arteriovenous shunting
craneally 1n lesion b) Angiography of left midde
suprarenal artery Arferies displaced nround{
€m x4 5 cm hypovascular Jesion ¢) Lelt adrerd
phicbography “Enlarged drainmg vein and ds:
placement of veins surrounding the mass

a 2 cm > 6 cm hypervascular left adrenal giand with no evidence of tumor vessels
On the right side 2 5 mm large area of contrast accumulation was noticed tn 21
otherwise normal adrenal gland At bilateral selective adrenal phlebography the
artersographic findings of an enlarged left and normal sized right adrenal gland
were confirmed (Fig 4) At surgery the left adrenal gland was found to be enlarged
probably with a small m ass in 1ts lower pole The night adrenal gland was macro
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Fig 3 Case 2 Hepau¢ angio-
graphy demonstrating multiple
hypervascular metastas€s sec
ondary to medullary carcinoma
of the thyroid

scopscally normal Bilateral adrenalectomy was performed and microscopy dem
onstrated bilateral medullary hyperplasia

Concurrent bilateral adrenal tumors were also found 1n a 59 year old man from a
Sipple family (Case 4) He was asymptomatic with elevated unnary vanillyl mandelic
and Angography including bulateral selective suprarenal artery injections dem
onstrated hypervascular lesions on both sides Bilateral adrenal phlebography was
also performed demonstrating an enlarged gland with irregular veins on the left
stde and venous displacement on the night (Fig 5) Tius patient did not accept surgical

as he was fetely p

In one 29 year old male (Case 6) from a Sipple famuly an asymptomatic medullary
carcstoma of the thyrotd was removed He was normotensive but elevated urinary
vanillyl mandehic acid was present Therefore abdomnal aortography and bilateral
adrenal angography were performed and a 3 5 om %2 em hypervascutar leswon was
demonstrated 1n the feft adrenal gland (Fig 6) No ab Ity could be d d
witnin the right andrenal pland Bilateral adrenal phlebography was also performed
The vetns on the left side were displaced normal conditions were found on the nght
side The left adrenal gland was removed and found to harbour 2 pheochromo
cytomas 1 close connection with a diameter of 25 ¢m and 1 § om fespectively

One 54-year 01d hypertensive woman (Case 7) had 6 years previously been operated
upon because of medullary carcinoma of the thyroid She had a daughter with a

heoch At chnmeat a mass was palpated n the lelt side of
the abdomen Unnary vanully] mandelic acid was elevated At urography a large
caleified mass was found to displace the left kidaey caudatly Abdormynat aortography
#as performed and the large tumor was found to be moderately vasculanzed from
41 B3
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Fig 4 Case 3 34 year old man with bilateral
adrenal medullary hyperplasia a) Selective cath
eterization of left middle suprarenal artery En
larged hypervascular adrenal glana without tu
mor vessels b) Left adrenal phlebography Nor
mal venous appearance in enlarged gland ¢) In
ferior suprarenal artery originating from supple
mentary artery to supertor pole of right kidney
5 mm lesion accumulating contrast medwm 1n
normal stzed adrenal gland

widened suprarenal artertes At subsequent surgery a huge pheochromocytoma was
removed

In regard to the vascularity of the present pheochromocytomas one of the 2
patients with concurrent bilateral tumors had fairly well vascularized lesions (Case 4)
while the other one had one moderately vasculanized lesion and one hypovascular
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Fiz 5 Cased 59 year old asymptomatic man
from a Gipple family a) Selective angography
of left muddle suprarena) artery Hypervasculac
lesion 10 lelt adrenal gland by Left adrenal
phlebography Tortuous and irregular veins 1
enlarged gland c) Angiography of sight middie
suprarenat artery demonstrating 2 5 cm Jarg
& leston

tumor (Case 2) In Case 3 with bilateral adrenat medullary hyperplasia angiography
demonstrated a bypervaseular enlarged adrenal gland on the left side withont evidence

of ncova culanty and a small hypersascular nodule on the contralateral side [n one
of the 2 patients with asynch bilateral pheoch

Y (Case 1} both
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Fig 6 Case 6 29 year old man
with medullary carctnoma of the
thyroid  Sclective feft muddie
suprarenal angiography 3 5 em
x2 cm hypervascular adrenmal
tumor

tumors were hypervascular while in Case 5 both pheochromocytomas were hypor
vascular as estimated at angiography One of 3 patients with unilateral pheochromo:
cytoma had 1 hypervascular tumor while the remaining 2 had moderately vascularized
ones When comparing the various angiographic appearances tmong the preseht
8 cases 1t was not possible to find any chacactenstic or typical features which are ale
vahd for the phlebographic findings

Discussion

In 1961 StppLE made the orniginal assoctation of medullary thyrord carcinoma and
pheochromocytoma based on 6 cases The following stitements from KEISER et coll
(1973) may be cited Sipple s syndrome 1s medullary carcinoma of the thyrod
pheochromocytoma and parathyrowd disease It s transmitted as an autosoma!
domunant trut with a hugh degree of penetrince Medullary carcinoma of the :hyroﬁl
can be accurately dragnosed early by measuring serum calcitonin often when all
other diagnostic tests are negative The pheochromocytomas are similar to those
occurring sporadically except that they are more often bilateral and often unr¢
sponsive to provocative tests Parathyroid hyperplasia 15 a definite part of the syt
drome although often physiologically inconsequential and therefore diagnosed only
at surgery for the thyroid carcinoma Recent biochemical findings support the hype
thesis that the diverse features of Sipple s syndrome are caused by a dysplasia of
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seural crest cells  The reported mgh sneidence of bilateral pheochromocytomas is 1n
00d agreement with the present findings 5 of 8 patients having bilateral Jestons
" Numerous reports of the angiographic appearance of pheochromocytomas have
appeared Considerable vamation n vaseulanity has been indicated (FRy et coll
1967 Lan~ik & Rosencrantz 1970 SuttoN 1975) as well as 2 high incidence of
hypovascular pheochromocytomas (Zeren et coll 1974) Partialinfarction of adrenal
pheochromocytomas may be one reason for them not being demonstrated at ango-
graphy {BALTAXE et colt 1973) Recently the anglographuc findings 1 34 patients
with adrenal lesions were reviewed (HOEVELS & EXELUND 1979) meluding 9 pheo-
h and it was luded that 1 d Itres certainly
exist m distmguishing between vanous adrenal masses Neither could any specsfic
angiographic charactenstics be traced i the present matenial of adrenal masses On
the other hand none of the present 8 cases with Sipple s syndrome presented with
an angiographically avascular leston and 1t nught be that pheochromocytomas as
sactated with this particular entity have a tendency to be more vascular than spora
drcally appearng ones

All the present lestons were detected from the arteral side and no further sigmificant
dagnostic mfotmation was obtaned from adrenal phlebography per se Thes fact
appears to indicate that the patient with medullary carcinoma of the thyrord and
possible adrenal pheoct should first be d

by hy m
cluding abdominal aortography and if possible selective adrenal angiography This
15 the approach generally ad d n the of d pheoch
cytomas (LECKY et coll 1976} If no ab 15 found at phy but clintcal

and laboratory suggestion sull remaims venous catheterization with selective samphing
from the adrenal veins and determination for cathecholamines may be helptul (Harrt
soN et coll 1967 AGEE et coll 1973 Grort et coll 1978)

‘The association of brlateral medullary adrenal hyperplasia with medullary thyroid
carcinoma as 1n one of the present patients (Case 3) 1s a rare phenomenon This
patent had le with pheoch t and elevated unnary
vanillyl mandehic actd CARNEY et coll (1975) reported on an asymptomatic 12 year
old girl with medultary carcinoma of the thyroid and Tugh uninary levels of vamiiyl
mandelic acid 2 pheoch Bilateral adrenal was per
formed and diffuse non nodular adrenal medullary hyperplasia was pr:;cm It was
suggested that dilfuse hyperplasa of the adrenal medulla may be the precursor of
{!)h:czl;romocyloma in patients with Stpple s syndrome (muluple endocrine neoplasia

With the advent of grey scale phy and h
come possible to delineate the normal adrenal gland 1;1 a high perc:;tJ . (as ol
(SAMPLE 1978 MONTAGNE et coll 1978 BrowNLIE & KREEL 1978) T:gt Sronde
non imvasive techaiques of hgh sccuracy and wiji probably i the e prowde

future bec
mportant tools in detecting adrena c e
o g adrenal pathology i pauents wath suggested Sipple s
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SUMMARY
Adrenal angiography was performed in 8 patients with Sipple s syndrome Seven patienty
had pheochromocytomas and one bil. ] adrenal medullary hy 1 In 4 cases it

pheochromocytomas were bilateral The angiographic findings are discussed and 1t 1s con
cluded that no typical angrographic appearance of pheochromocytoma appears to exst

ZUSAMMENFASSUNG

Bei 8 Pauenten mut Sipple Syndrom wurde eine angiographische Untersuchung da
Nebennieren durchgeluhrt Sieben P hatten Phaoch t der 1
Bel einem P, lag emne bl 1 dull: Hyperplasie der Nebennteren vor Y
Patienten hatten bilaterale Phiochromozytome Die Befunde werden dishutiert und és wird
der Schlussatz gezogen dass es typische angiographische Rriterien bet Phaochromozytomen
nicht zu geben scheint

RESUME

Une angiographie surrénalienne a éte pratiquée chez 8§ malades attemnts de syndrome &
Sipple Sept malades avaient des phéochromocytomes et un unc hyperplaste bilatérale dels
médullaire surrénalienne Dans 4 cas les phéochromocytomes étaient bilatéraux Les autews
étudient les signes angiographiques et concluent qu 1l ne parait pas exister d aspect anat-
graphique typque du phéochromocytome
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Book review

RApIOLOGY OF THE LIVER By James G McNulty 437 pages 255 illustrations Volume 13
n the sertes Saunders phs 1 chinical radiology Holt S Philzdelgh
London Toronto 1977 Price £22

The hver has for many years been out of sight for the radiologist However during the
1ist decade new sophisticated techmiques such as CT LRCP, PTC grey scale ultrasound
and new applications of 1sotops arc available This book 1s an attempt to compile all such
new as well as old techmques and their present possibilities

The book opens with a comprehenstve chapter on the normal anatomy of the lver The
next chapter 136 pages nearly one third of the book deals with dragnostic methods The
mvestigatne techmiques shiustrated with normal and abnormal findings 2re described for
conventional films for ultrasonic and 1sotopic tech I hy arterio-
graphy portography phlebography examnations of the biliary tract (from oral chole
cystography to PTC and ERCP) and contrast ¢ ons of the g 1 tract 1n
Iiver disease

The followng eight chapters describe radtologic abnormalities assoctated with congenita
mflammatery and primary vasculr disorders as well as with trauma and ncoplas The
final chapter deals with the radiology of the systemic manifestations of Itver dsease

The actiology pathology and cimical features of each disorder as well as 2l the radiologe
dragnostic methods are surveyed in an attempt to cover completely all disorders of the lnet
and therr radiol [ Consequently 1ts trcatment of some aspects Is Curson
The critenia for the dragnosis of some conditions are occastonally scant or absent Howutr
some chapters such as those on portal hypertension cirrhosis and tumour of the her sum
martze Il availble information on therr subjects and are worthy of carcfui perusat

The reproductions are of varying quality They arc often of too high a contrast fack ng
the nformatnve grey scale Another tmperfection i the reviewer s opinton 1s their Jeg nds
Usually they are without anatomic descriptions of the findings and there are often 1o
drdactical arrows Even a radiologrst with spectal iterest i the Iner might hanve deffuulties
n thewr inferpretion

The book can be recommended to the young radiologist in tramng and the general radio
logist It ought 1lso prove of interest to the surgeon nternist and gastroenterofopist with
wnterest in the Inver For the radiologrst with special interest int liver diseases much of the
material will prove to be familiar 1nd too clementary however the book provides 2 good

souree of references
Relf Ui

Acta Radiologica Diagnosis 20 (1979) Fav 4
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ULTRASOUND, ANGIOGRAPHY AND
FINE NEEDLE ASPIRATION BIOPSY IN DIAGNOSIS
OF RENAL NEOPLASMS

W Kare and L EKELUND

When a renal mass 1s d d at phy further with
) "

and hy are well blished d methods Diag

difficulties may however anse in cases of cystic of necrotic carcinoma which may
appear as an echo free mass at ul or ag an Jar or
hypovascular mass at angiography In such a situabion with equivocal findings the

b of these two with fine needle asptration biopsy 15 of great
value (ERELUND 1978) It was considered worth while to report the expenence n
the 2 of far and hyp far renal it at this hospital
The witrasound frndings were also correlated with the angographic and histologie

results and thetelore even a number of hypervascular rasses wete 1acluded o the
materal

Matersal aud Methods

Ut d

wiis p d 10 182 patients m whom a renal mass
was detected a¢ urography Only paticnts with sobd or complex masses at ulira
sound and subsequently dragnosed 1o be tumor were incloded 1n the present sertes
shich consisted of 23 patients (16 males and 7 females) 2» & from 34 1o 84 years
Fune needle aspiation biopsy was performed i all cases and angiography 1n ali

Submatted for publicavon 10 May 1578
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Fig 1 64 yecar old woman with weight loss and high ESR Non functioning krdney at urograph
) Transverse Bscan Lcho free mass with poor transnussion of energy sugaesting a sohd lcsw‘r:)
b) Sclective angiography Narrowed mam rennl artery with encasement tnd ocelusion of cmcnci)
middle and Jower part of kidney Discrete neovasculitity corresponding to renal pelvis €
Operation nephrectomy Histology pelvic carcinomn

but one The findings at these three mod1litics were then correlated During the
first period the patients were examined with compound B scin and later with 2
grey seale unit Both 225 and 35 MHz focused transducers were employed The
examinition techmque was stmilar to that deseribed by SAnprs (1975) The
renal masses were divided into two mam groups at ultresound the first group
consisted of tumors producing more cchoes than the surrounding hidney trssue
and the second group producing less echoes (sometimes predonunantly without
echoes) The criterin for dingnosing 1 solid m1ss were the sime s described by
GRrrIN & KNG (1976) nd include the demonstration of internal echoes m the
m1ss irregulanty of the tumor margins and 2 poorly defined distal wall

Parts i the solid tumor without cchoes have been considered as necrosts of
hemorrhage n so calied complex masses The technique for fine needle biopsy was
that usunlly employed at this department for biopstes gurded by angrography as
described by TYLIN et coll (1976) gurded by lymphogrphy s described by
GOTHLIN (1976) by retrograde pyelography as described by ExrLunp & GOTHLIN
(1976) and with adaptation to the ultrisomic guded puncture technique described
by HoLm et coll (1972) KRistrnsiN et eoll (1972) and GoLoprre & PoLrack (1976)
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Table 1

Correlation of ultrasound and ahgography fa 27 cases of renal tumors

Ulirasound Angiography
e ——
Solid with ~ Sohd withless  Avast Hypovase Hypenae

many echoes  or no &choes

many eehoes or e e ee—e————

1 2 3 .
5
: H N
‘Table 2

Correlanon of ultrasound and angiography 6 cases with pecrotic fumor

Ultrasound Angography
Solid with  Solid with Tess  Avase Hypovase Hypervase
many echoes  or no echoes
1 2 3
2 2

1

The special kind of transducer described by GOLDBERG & PorLack (1973) s used
for the ultrasonic guided fine needle biopsies A 15 cm long needle {OD 09 mm
20~21 gauge) and an aspirating device according to FRANZEN et coll (1960) were
employed ANl angiographies were performed using a catheter mtroduced per
cutaneously via the femoral artery In all patents Jumbar aortography was per
formed as well as selective angiograpby of both kidneys Pharmacoangiography
with angotensin (Hypertensin N Ciba Switzerland  EXELUND et coll 1972) was
employed i some of the cases

The renal masses were classified at hy as lar hyg lar and
hypervascular depending on the absence or preseace of tumor vessels and the degree
of accumulation of contrast medym duning the nep phuc phase The mal

nature of the mass was confirmed by cytology ot hustology n all cases

Resalts

Ultrasound A mass t the fadney was demonstrated 1 afl 23 patients Eleven
produced mose echoes than the susroundng parenchyma thus being solid and
12 produced less mtermal echoes 1han the surrounding pacenchyma thus ben,
solid or comples but at the same ume without evidence of & stmple cyst :

Bopsy was performed 1n 21l pattents 1n 22 gurded by wlirasound and 1 one by
angiography In 15 patients the biopsy resealed malignant cells 10 14 indicating
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Fig 2 43 year old man with hematuria Calefica
tton 1n upper pole of kidney a) Grey scale longi
tudinal scan  More echoes 1o upper pole (—*)
than in surrounding parenchyma Suggestion of
tumor Finc needic biopsy not diagnostic b)
Scleutne angrography Hypovasculrr mss
upper pole With localized arterial srregulantics
suggesting tumor encasement No definite tumor
vessls  Operaton  nephrectomy  Histology
regressive papillary carcinoma

adepocarcitoma and 1 one renal pelvic carcmoma Five of these 15 patients had
necrotic tumors

In onc patient the biopsy materiil consisted of necrotic matersal only Ango
graphy revealed 1 hypovasculr carcinoma of the renal pelvis (Fig 1) Two of
the patients one with the cytologic diagnosts of 1 simple renal cyst and the othet
srth msufficrent cytologic mterral fater turned out to have necrotic wd papdian
renal carunoma respectively One patient hnd no malignant cells i the biopy
materr1l The mass was predomnantly without echoes but was not 1 benrgn eyst
At angrogriphy o hypovasculir m1ss was demonstrated Subscquent nephrectom
revealed renal carcrnoma No mitersal sufficient for chagnosis was obtamed 19 the
remaming 4 patients In all of them angiography demonstrated a hypervasculat
mass and subsequent nephrectomy and histologic exwnmination showed £rremomd
Complications 4fter bropsy were rire Inctdents of transient macroscoptc hematund
occurred 1 2 cases only

Angiography An avascular miss was found 1n 3 cases 2 hypovascular in 8 and

scular m 11

! l'lr);ligi‘;:ulls of ultrasound angtography and pathology were corrclated and are
summanzed m Tables 1 and 2 OF 1] hypervascular tumors 6 appeared as sold
tumors with abundant mternal echocs 2t ultrasound whife 5 fesions contaned less

|
[
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f
Fig 3 Siyear old man with hematuna and ane b
msa Mass probably solid at nephrotomagraphy
2) Grey scale longitudinal scan Deformuty of the P
renal pelyis by a solid mass with a few echoes

(=) b) Sclectne angiography Hypovascular

mass lateral 1n Jower pole without sharp demarca N
uon towards Tenad parenchyma (=) Operation

nephrectomy Histology renal carcmoma

echoes than the surrounding normal renal parenchyma Of 8 hypovascular tumors 3
contamed abundant wternal echoes (Fig 2) and 5 less echoes than the surrounding
renal parenchyma (Fig 3) In 3 cases of avascular tumors 2 contained less internal
echoes than the surrounding parenchyma (Fig 4) and the other mass more When
d and hy with the istol
that of 6 cases with a necrotic mass 3 were !

findings 1t was found

2 of these p ly
without echoes while the third had a mass producing several internal echoes
A fourth and a fifth case both hyp: had at ul a mass
producing less internal echoes than the surrounding renal parenchyma The sixth
necrolic tumor was hypervascolar and predommantly without echoes In the
remaimng  cases without tumor necrosis based on the pathology reports no
definite correlation between the and ech p! and the
histologic structures could be proved A good correlation was found between the
size at ultrasound and at angrography 1n almost every case

Discussion

It1s generally agreed that ultrasound should be the first exammation when a mass
has been found at urography {LroroLp et coll 1973 Switi & BenwerT 1975
SwpErs EALLLND & hARP 1978) M necessary evaluation of the mass walls by

high dose nephrotomography should be performed (Bossiak 1974) The dmgnoshi
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Fig 4 69 year old man with hematuria Mass
in upper pole at urography a) Grey scale
longitudmal scan Mass with few echoes and
some srregolanty of the walls (=) thus with
no indication of a simple ¢yst b) Selective

hy Pred ly lar mass
with slightly irregular arteries m peniphery of
lesron No evidence of a simple ¢yst Opera
tion nephrectomy Histology necrotic adeno
carcinoma

value of ultrasound is manly to differentiate between stmple renal Cysts and
neoplasms However as MAKLAD et coll (1977) emphasize the role of ultrasound
1s not only to diferentiate between these entities but also to delneate the echo-
producing mass and make an ultrasonic diagnosts of the renal tumors Briefly th
differential dragnosts between 1 benign cyst and a tumor 1s based on the fact that
a cyst 1s echo free ;n both high and low gam since 3t contams cyst lnd whicn 53
homogeneous transmitting medium (Fig 5) The wall should be regular and sharp
and very goed transmussion of sound energy through the cyst must be present
On the contrary the solid ren1l mass (Fig 6) 1s more or less echo producmi
depending on the tumor contents including blood vessels tissue necrosis af
hemorrhage and 1s often not smooth and has no sharp demarcation The
transmission through the mass is poor as a result of attenuation of energy on
nternal structures Between these two categortes of renal masses a third one exists
which has both echo free and echa producing areas often depending on the presenc®
of hemorrhage and necrosis It must be categorically emphasized that not all echo-
free masses represent stmple cysts GREEN et coll described 15 masses without echoes
which proved to be other entities than simple cysts including abscess hematoma
renal artery aneurysm hydronephrosts and homogencous or cystic tumor Several
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“1g § Grey scale longitudinal scan of kidney Mass without echoes 1n Jower pole with signs of a
imple cyst ()

#1g & Grey scale longutudunal scan of kudney Solid mass () with internal echoes renal carcinoma

other reports desenbe cases with masses without echoes which later turned out to be
something else than a simple cyst (GOLDBERG & PoLLack 1971 Doust et coll
1973 HuNG & Kinstr 1973 HeckwAN et coll 1975 RoCHESTER et coll 1978} The
present matenal includes a few tumors without echoes but all lack the charac
tenstec signs of a simple renal cyst Accordmg to GREEN et coll all renal lesions
which do not have the eniterion of a simple cyst should be subject to further examina
uon In such cases the next step should be either biopsy or angtography depending
on the actual situaton Diagnostic punctures of renal tumors with cytologic
cxamination was introduced already 1n 1952 by LINDBLOM Since then fine needle
aspiration biopsy has been employed more or less routinely Ultrasound guided
biopsy was introduced 1n 1972 and 1s now a well-established method It 1s thus
evident that a confirmation of the nature of the renal mass by fine needle aspuration
biopsy especially preoperatively may be of great value This method which often

Ieads to a definitive diagnosis 1s particularly useful in cases with equivocal results at

) d and an far or a hyp: mass at phy The degree of
+asculanty of renal carcinomas 1s mainly dependent on the extent of tumor necrosis
{ExcLunp et coll 1977) and the mass may present 2s a hypovascular or an avascular
lesion LanG (19713 reported 4 cases of cystic tumors all with cyloiogic evidence of
mahignancy winch had been d d as a cyst at neph: phy and angio
graphy Furthermore LropoLD et coll described two but at ul d
solid masses which were aspirated and found to be malignant In a recent senes of
renal cystic lesions 4 patients with avascular fumors at angiography have been
descnibed by EnrLusp & Kare In 3 of them the diagnosis was obtained by
aspiration biopsy Additionally 2 patients had hypovascular renal carcmoma
thew cases the diagnostic nformation was enh

Histolopic examination of all these 6 tumors showed exten

by pharm; Y
sive necrosis or hemorrhage
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ERELUND described 3 cases of hypovascular tumors predommnantly without echoes §
Fine ncedle aspiration biopsy was performed yrelding malignant cells Histolon
cxamim-tion showed 2 necrotic papiilary carcinoma in 2 and a metastatic tamct e
the third The present matenal mcludes 6 cases of necrotic carcinoma 3 of the
avascular 2 hypovascular ind one hypervascular Several authors (PorLACA etco!
1974 SwitH & BrINNCTT ARGER 1976) have emphasized the importance o2
diagnostic pproach which meludes ultrasound nephrotomography fine acedk
bropsy and angiography A combination of all these methods considerably mmproves
the correct dingnosis and GRIEN et coll state the diagnostic accuracy under sub
crrcumstances to be about 100 per cent
According to GoLDBIRG ¢t coll (1968) LEOPOLD et coll and Stuner et coll (19
the dingnostic accuracy rate of ultrasound alone m the differentiation betse
stmple cyst and tumor s approximately 92 to 96 per cent Howeser ultrasound 1
a few hmitations In approximitely 2 per cent a sansfactory reslt canedt X
obtuned (STUBER et coll ) depending on obesity overlying sniestinal gas or St
mposed sheletal parts Small intrarenal tumors (less than 2 cm) which gne
same echo 1s the surrounding renal parenchyma may be difficult to locatize s §
therefore correlation with urography 1s a sine qua non p
Fine needle asptration biopsy has been used for many years mn the diasno®
malignaney in vartous organs Often the possible rish of dissemination of tumet
cells during biopsy has been discussed ENGZELL et coll (1971) analys~d the po¥
bility of such a spreading m biopsy of lymph node metastases m experments ®
rabbits and did not find any evidence of tumor dissemination These authors cametv
the same concluston 1n 1 chinical follow up of 157 patients with pleomorphic adfﬂss‘:d"‘
of the mayor salvary gland and 469 patients with prostatic carcinoma, all diaen i
bv fine needle bropsy VON ScHREER et coll (1967) analysed a senes of 150 castfm
surgically confirmed renl carcinomas In 77 patents preoperative dla“‘t“‘:m
puncture with injection of contrast medim was carned out using needles “]d N
OD of 075 to 15 mm In the other 73 pattents no puncture was performe Y
analysis of the five year survival rate disclosed no significant difference be:nul
the groups and mterestingly enough a weak tendency for a better five year s:d e
rate for the patients with a dragnostic renal puncture The authors conclud by
the nisk of spreading cells in dagnostic puncture of renal carcinoma and thont
decreasing the survival rate 1s neghgible SINNER & Zancew (1976) found onu) o
patient with mmplantation metastisis 2t the site of bropsy in a follo\\h i:ac
1264 patients with a mahgnant putmonary tumor dragnosed by transt ocmt
needle bopsy during 1961 to 1974 There seems to be only one report on né "
tract seeding of renal carcinoma (BusH et coll 1977) These authors deseribed o
development of a metastasis i the needle tract 20 months after puncture of 4 rem
adenocarcimoma  After exciston the patient has remained free of tumor recurre "
for 15 months It was concluded that the Jingly rare needle tract seeding sh&)uS
ot deter the use of renal cyst asptration m the radiologic evaluation of renal masse
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Therefore 1t does mot seem dicated to take ad of the :
diagnostic information that may be obtamed by fme needle biopsy 10 equlvocalcsses
The present matenal also includes one patient with a renal mass and multiple Elul
monary 1n whom )] duay was obtained by ultrasomc !‘E"-“ ed
fine needle aspiration biopsy The patient was dered ble and p
treatment could be msututed saving the patient from unnecessary anglography as
well as explorative surgery

When correlaing the uftrasome findmgs with the degree of vasculanty as seen at
anmography 6 of 11 hypervascular tumors were found to be solid (Table 1) When
companng angographic and ultrasome findings 1 & necrotic tumors {Table 2)
5 were found to be predommantly without echoes or less echo producing while 3
were avascular and 2 hypovascular Evensf the matenal 1s not large there scems to be
a tendency for angrographically hypervascular tumors to appear solid at ultrasound
while avascufar necrotic tumors may appear predommantly without echoes This 15
contrary to the results of MAKLAD et coll who found that the more echo producing
tumors had areas of hemorrhage and necrosis whereas less echo producing tumors
were homogeneous with no evidence of hemorrhage of necrosis

SUMMARY

The diagnostic approach to a renal mass mcluding ultrasound angjography and fire
needle aspiration biopsy 1s reviewed on the basis of 23 cases The salue of the combination
of these methods 1s emphasized especiallv i tumors which appear without echoes at

d and avascular at The findings are correlated and

some differential diagnostic problems discussed as well as the possible nisk of spreading
tumor cells at fine needle aspuration biopsy

ZUSAMMENFASSUNG

Die Erfahrungen bet der Diagnose raumfordernder Prozesse der Nieren mut Ultraschall
Angiographie und Feinnadel Aspranonsbiopsic werden anhand von 25 Fallen ausge
wertet Der Vortell des kombinierten Eynsatzes dieser Methoden msbesondere ber echo-
graphisch uncharaktenstischen Befunden und kularen b

Temoren srd dobumentiet. Dic Defunde werden sueinandes komeer "Differential
tagnostische Probleme und das Risiko der Tumoraussaat ber der Femnade
biopsie werden diskutient mnadel Asprsations

RESUME
m\.cls‘au!netulri" T“ revy la condurte du dragnostic d une masse rénale sur 1a base de 23 cas
utilisa! 1 tla bropsie
L intérét de 1 assocration de ces méthod oot e e e
les est souhigné
?om s d bt a et ot ot infamcuhér:men‘t) :o:vr les !umfurs qut
anglograptue Les résultats sont corrélés et les certay "
auts
dagnosuc diftérentrel atnsi que le danger t— s mes de

possible de dissémuner
cours de Taspiration biopsie avec une aignlle fine 1 s tamorsles au

41 M
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PERCUTANEOUS TRANSPERITONEAL
FLUOROSCOPY-GUIDED FINE-NEEDLE BIOPSY
OF LYMPH NODES

JaN GOTHLIN

Paraiortic lymph node biopsies with 1 prravascular approach were furst used by
ROTTIMAN {1968), the transvascular approach was tried by LUNinG & RouaniLe
(1969) and LUNING ct coll (1972) wnd Keinrrr et coll (1971) and RingrT (197
used both the translumbar and the transvascular approach The transpentoneal 33
proach w1s reported by GOTHLIN (1976) 1nd also by LAGERGREN & FRiBrRG in the
same year The same approich was used by WALLACE et coll (1977) and ZORNOSA
et coll (1977)

The percutaneous transperitoneal approach with the md of fluoroscopy may now
be regarded as established and the experiences 1n 107 patients are now reported

Matenial and Methods

The series consisted of 63 men (cxinnuned 64 times) and 44 women 45 of thess
having been presented previously (GOTHLIN) Most patients were given 5 to 10 mt
of vilum and 0 5 mg of atropine before the exanunatton With the patent in supuac
position § ml of mepwakata 1% was nfiftrated 1n the skin fat and muscles of the
ventral abdomimal wall immediately vertical to the lymph node or nodes 1o b
examined Care was taken not to myect wmesthetic mto the Jymph nodes In 95 patients
an entrance needle 1D/OD 12/1 6, length 40 mm was used through which 2 thinnef
needle was troduced until its up entered the intended lymph node The proceduce
wAs controlled with single or biplanc fluoroscopy The thinner needles used were
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Table 1

Primary disease in 63 males and #4 females

Diagnosis No of
cases
- —
Semmoma and matignant testicular tecatoma n
Carcinoma of kidney urnary bladder ureter and pemis 35
Carcinoma of vulva cerviy and uterus 19
‘Sarcoma 4
Hodgkin s disease 31
Lymphosarcoma 4
Leukemma 2
Fibros:s alter hydantown treatment 1

Luer Loc OD 09 mm Jength 150 mm (Medtplast Sweden) Franzen needle OD
06 mm length 200 mm (FRANZEN et coll 1960) or Skinny needle OD 07 mm
length 200 mm (Cook Inc USA) When the tip of the needie was within the intended
area of the lymph node confirmed by fluorascapy and the node moving with the
tip of the needle aspration was done using a 10 m! syninge 1n a handle (FRaNZEN
et colt) while the needle was moved up and down 1 to 2 mm and slowly rotated
Smears were made on glass and sent for immediate cytologic examiation In most
cases the patients remained on the radiographsc couch with the entrance needle

place untdl the y result of the cytol was obtamsed If that
was not y 1ep! could be p within 10 to 15 mun
Results
The primary disease appears m the Table As only pedal lymphangrography had
been loyed the 1

d (65 patients) with Hodgkin s
disease as second (31 pateentsy

The tymph hic resohts were
46 of these vol

0 &9 cases with malignant disease In

at node biopsy confirmed
at operation in 43 cases while 3 were primanly irradiated In 2 Pahients the matenal

obtained was not representative while 1n a further 2 pats nts the needles were not
Yong cnough to reach the intended area because of obesity In 19 cases the lymph

nodes were normal or showed postlymphographic reactions alt confirmed at opera
tion

t was d

General lymphatc disease affecting lymph nodes was suggested m 38 patients 3t
c‘:;h Iymph 4 with 1y 2 with leukemia and 1 with
osis after hydantome treatment Involvement was found in 12 6 of which
demonstrated also at operation (6 patients were primanly irradiated) In 16 et
the biopsied Iymph nodes were normal or demonstrated posﬂymphogmph‘x’c:l ‘:’::::s




FROM THE DEPARTMEINT OF RADIOLOGY HAUKELLAND SYRLHUS UNIVERSITY OF BIRGE
MELDICAL SCHOOL N 5016 BFRGEN NORWAY

PERCUTANEOQUS TRANSPERITONEAL
FLUOROSCOPY-GUIDED FINE-NEEDLE BIOPSY
OF LYMPH NODES

Jan GoTnLN

Paratortic lymph node biopstes with a paravascular approach were first used by
RUTTIMAN (1968) the transvasculir approach was tned by Luning & RouanlLh
(1969) and LUNING et coll (1972) and KELINERT et coll (1971) and Kot (1973
used both the trinslumbar and the transvascular approach The trnnspcmm\eiﬂ P
proach wAs reported by GOTHLIN (1976) and alsa by LAGERGRIN & FRIBERG in 108
same year The same approach was used by WarLace et coll (1977) and ZORNOSA
et coll (1977)

The percutaneous transpenitoneal approach with the ard of fluoroscopy may no%
be regarded as established and the experiences in 107 patients are now reported

Material and Methods

The series consisted of 63 men (exammed 64 times) and 44 women 45 of these
having been presented previously (GOTHLIN) Most patients were given 5to 10 m¢
of valrum and 0 5 mg of atropine before the exammation With the patient i supe
posttion 5 mi of mepnvakain | % was nfiltrated 1 the skin fat and muscles of the
ventral abdomnal wall immedsately vertical to the lymph node or nodes 10 be
examned Care was taken not to mject anesthetic into the lymph nodes In 95 patients
an entrance needle ID/OD 12/16 length 40 mm was used through which a thuntf
needie was introduced untd its tip entered the mtended lymph node The procedure
was controlled with smgle or biplane fluoroscopy The thinner needles used were
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Table 1
Prmary disease in 63 males and 44 females

Diagnosis No of
cases

Seminoma and malignant testicular feratoma "
Carcinoma of kidney unnasy bladder ueetee and pems s
Carcinoma of vulva cervix and uterus 19
Saroma 4
Hodgkin s disease u
Lymphesarcoma 4
Levkerma

-t

Fibrosis after hydanton treatment

Luer Loc OD 09 mm length 150 mm (Medtplast Sweden) Franzen needle OD
06 mm length 200 mm (FRANZEN et coll 1960) or Skinny needle OD 07 mm
length 200 mm (Cook Inc USA) When the tip of the needle was withm the mtended
area of the lymph node confirmed by fluoroscopy and the node moving with the
up of the needle aspiration was done using a 10 ml syninge n a handle (Fravzin
et voll ) while the needle was moved up and down 1 to 2 mm and slowly rotated
Smears were made on glass and sent for immediate cytologic examination In most
cases the patients remained on the radiographic couch with the entrance needle in
place unttl the preliminary result of the cytologc examination was obtamned If that
was not satisfactory repuncture could be performed within 10 to 15 min

Results
The prmary disease appears in the Table As only pedal lymphangiography had
been loyed the 1 d d (65 patients) with Hodgkn s
disease as second (31 patients)
The lymph hic results were m 69 cases with malignant disease In
4 of these ) was d

at node biopsy confirmed
at operation in 43 cases while 3 were pnmanly irradiated In 2 patients the matersal

obtaned was not representative while 1 a further 2 patients the needies were not
tong ¢nough to reach the mtended area because of obesity In 19 cases the lymph
nodes were normal or showed postlymphographic reactions all confliemed at apera
tion

General Iymphatic disease affect,
eners pl § Ln cting lymph nodes was suggested 1n 38 patients 3(

4 with lymph 2 with Jeuk

emia and
Gibrosis after hydantoine treatment Tnvolvement was found n 12 6of ?v"hlcfl: “: -
demonstrated also at operation (6 patents wese primanly irradiated) In 16 paue:t:

the bropsted lymph nodes were normal or demonstrated postlymphographic re:
ac




FROA! THC DEFPARTMINT OF RADICLOGY HAURTLAND SYRFHUS UNIVERSITY OF BERGEN
MUDICAL SCHOOL N 5016 BERGEN NORWAY

PERCUTANEOUS TRANSPERITONEAL
FLUOROSCOPY-GUIDED FINE-NEEDLE BIOPSY
OF LYMPH NODES

JAN GOTHLIN

Parraortic lymph node biopstes with 1 peavascular approach were first used by
RuTTIMAN (1968) the transvascular approach was tried by LUNING & ROMANUA
(1969) and LUNING et coll (1972) and kriNerT et coll (1971) and KEINIRT (1972)
used both the translumbar and the transvascular approach The transpcmoncnlap
proach was reported by GOTHLIN (1976) and also by LAGrRGRIN & FRIBIRG In the
same year The same approach wis used by WaLLace et coll (1977) nd ZORNOSA
ct coll (1977)

The percutaneous transpentoneal approach with the ud of fluoroscopy may now
be regarded as established and the expertences m 107 patents 1re now reported

Matenial and Methods

The series consisted of 63 men (examined 64 times) and 44 women 45 of these
hving been presented previously (GOTHLIN) Most patients were given 5 to 10 mg
of valium and 0 5 mg of atropine before the examination With the patient wn supine
positton 5 ml of mepivakam 19 was ifiltrated m the skin fat and muscles of the
ventral abdomnal wall immediately vertical to the lymph node or nodes to be
examined Carc was taken not to inject anesthetic into the lymph nodes In 95 pttients
an entrance needle 1D/OD 1 2/1 6 length 40 mm was used through which 2 thinner
needle was ntroduced until 1ts fip entered the intended lymph node The procedure
was controlled with single or biplane {luoroscopy The thinner necdles used were
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Representative matertal for cytology 1s obtained 1 70 per cent at puncture of
palpable Iymph nodes m Hodgkin s disease (ZANCER 1974) LAGIRGRIN & FRIBTRC
reported Jess favourable results when performiag biopstes during fluoroscopy but
the cesults 1n the present sentes contradict those findings It appears that the method
could be used m staging Hodgkin s disease

In conclusion 1t may be said that the p |l P
guided fine needle biopsy 152 sale highly reliable method of determiming metastatic
mvolvement of lymph nodes and fairly accurate 1n general lymphatic disease

SUMMARY

After lymphography from the foot with uncertam findings fine needle biopsy during
flaoroscopy was performed 1n 107 patients In 69 patients with possible metastases nsohe
ment was d 1 46 firmed 10 43 at Lymph node invohement by
general lymphatic disease was suggested 1n 38 patients with biopsy confirmation n 12
Tn metastatic disease nON representative matertal was obtained i only 2 patents 1 general

lymphatic disease in 10 No significant complications occurred and the side effects were
smal]

ZUSAMMENFASSUNG

Nach Lymphographie vom Fuss mit unklaren Befunden wurde Feinnadelbropsie unter
Durchleuchtung be1 107 Patienten vorgenommen Bei 69 Patienten mut maghchen Metastasen
wurde eine Betetligung ber 46 nachgewiesen die bet 43 bet dex Operation besthtigt wurde
Eine der L durch emne all lymph. K

wurde
be 38 Patenten vermutet bet 12 wurden diwese dusch Biopuie bestitigt Bes metastatischer

Erkrankung wurde nur ber 2 Patienten esn micht reprisentatives Matenial erhalten bel

generell lymphatscher Erkrankung bex 10 Keine wesentiichen Komplikationen traten auf
und die Nebeneffekte waren gering

RESUME

Aprts lymphographie par voie pédieuse ayant donné des résultats meertains une bropsic
avec une arguille fine sous radioscopie telévisée a € & effectuée chez 107 malades Chez 69
malades pouvant avor des métastases une attemnte Iymphatique a été muse en évidence dans
48 cas Conhr‘més par opération dans 43 cas Usne attemnte des ganghions lymphatiques par
Ene maladie aeté chez 38 malades et confirmée par
10psie chez 12 malades Le prelévement biopsique A Yaiguile na dte non significatifl que
chez 2 malades dans les cas d affection métastatique et chez 10 malades en cas d aff e
ymphatique géneralisée 11 ny a pas eu de h et les effe e‘cm“
sont petits i
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tions Non representative material was obtained 1n 10 patients most of them early
m the senes

No pun occurred in 41 patients and slight pun 1n 46, while 3 reported moderate
pan Tenderness in the abdominal wall at the puncture site the day after the procedure
occurred 1n 16 patients while one had pun in the abdomen Ieadmng to radiography
Nothing abnormal was revealed and the following day the patient was symptom frec
No contramndications have been set

Ihscussion

In metastatic disease sufficient matenial was obtained with the 09 mm needle at
least after repuncture Only m 2 patients was the material not representative Aspira
tion alone 1s not enough moving the tip up and down 15 of value Some type of
hook or screw nside the needle could be used (RUTTIMAN LUNING et coll ) but the
present results indicate that it is not necessary, at least tn metastatic nodes On the
other hand 1n general lymphatic disease, where the 0 6 or 0 7 mm needle yielded the
best results representative material could not be obtuned m some cases (maily
nodular sclerosis) In these cases another type of aspirating wstrument could be
useful LAGERGREN & FRInrRG found 2 09 to 12 mm necedle to be best suted for
biopsy of lymphomas When applying the local anesthetic 1t ts tmportant not 10
mnyect into the lymph nodes, as the cells then become distorted The entrance needle
was most useful when several punctutes in the same area were performed and at
repuncture after 1 negative cytologic diagnosis The patient could remain on the
radiographic couch waiting for a prelimiary cytologtc report

Biplne fluoroscopy was most helpful in puncture of pariaortic lymph nodes but
was of less value in the pelvic regton However, 1t 1s quite posstble to puncture part
aortic nodes also ustng single plane fluoroscopy especially if 1 cradle is used The
size of the lymph nodes does not affect the degree of success in puncturing (GO

LAGIRGRIN & FRInfRG used the dorsal approach in several of ther 158 cases
Some difficulties were encountered when guiding the fine needle through the lumbar
musculature The ventral approach 1s obviously easter with the exception of ‘ms,
obese pauents In the present materral nodes in the abdomen as high as Th 12 3[
well as some mediastinal nodes have been successfully punctured wath the ventr;\
approach In the present series the tip of the biopsy needle was directed lnloK:“z
filling defect of a lymph node or mto the margmal zone around it 1 mclasr e
disease In general lymphatic disease at least two bropsies from different parts ol
supposedly involved node have been performed s

No significant complications have occurred despite the fact that bowel p:mcrd
blood vessels or kidney tissue may be traversed by the needle As it has a small |;’;
meter 1t does not constitute any danger (FORSGRIN & ORELL 1973 HANCAT et wd
1975 Hou et coll 1975 Tyiin et coll 1976) As side effccts have been reporte
pain when hitting a nerve and pamn for a couple of days in the lumbar musculature

(LAGLRGREN & FRIBLRG)
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IMAGE ENHANCEMENT BY DIGITAL ANALOG
FILTRATION

1 Tests of filters

A HemvinGsson B JunG H LUNDQVIST and A STROMUD

In diaghostie radsolagy the pnmary aim has often been to produce fitms of high
contrast and sharpness These properties can however render the evaluation difficult

ar ¢even tnpossible Thus the image contans non essential detarls which may ter
fere with the bality ot 2 tesion and ent

of the contrast and sharpness

of the smage may merease the distracting effect of these details Thus 1 dlusteated

by the fact that more than 2 em of a vertebral body may have to be destroyed by a
tastasts before st 15 peroep Without

P of bone trabeculse 1n the
1wtavt part of the vertebral body considerably smaller destructions would be clearly

wisible (Boksyrou 1953) Other disturbances may be cansed by lung structures pod
Tines (RExcHMANN & STRip 1976) and quantum noise (RossMan~ 1963) Sumlar prob-
fems are encountered in compuier somography where the quantum noise 15 marked
n hilms taken with an acceptable skin dose (Hovnssiern 1976) Common to all these

distorbing structures 15 that 1 relation to the esion e g bone or fung metastases or
lesions of soft nissue m the or the

hey have a Tugh spatial frequency N

of bv i Inttation has been 2 routine procedure
for the last few years In roentgenograms jrequen-y fltcanon has been used mainly
10 ncrease the perceptibility of the tugh trequency structures 1 the mage by for
::'amv\: i‘l""auw" (Z1eDSES DES PLANTES 1961) soft focus subtraction or automatic
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TMAGE ENHARCEMENT BY DICITAL ANALDC FILTRATION 1

Fiz 2 2) Ongnal (Um of femoral epecimen
6) Low pass fitration with a 4 mm#4 ma@
matnix side ¢) with 2 6 mm % 6 mm matyix side.
d) with 2 10 mm 10 mm matrex side and €}
asymmetnic band pass filtration with a 4 mm %
4 mm matnx side of ongwal flem

of thus device with the use of different dignal filters 1s now reported and later
the results of the cheal application of the metkod will appear

Matenal and Methods

The equipment described 1n Part T was used Ongmal Iitms were exposed of (1)
2 lead stellate test object (Fig 1) {<) a femoral specimen with a bore hole through
the neck and a sclerotsc lesion at the border between the middle and lateral pacts of the
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a b

[ ]

\
Fig 1 a) Ongmal film of stellate test obyect
b) Low pass filtration with a 2 mmx2 mm
matrix side and ¢} low pass and band pass filtra
tion with a2 5 mm x 5 mm matnix side of orginal

fitm
¢

dodging printing (ScHoTT 1967 KUNDEL et coll 1969 Lacont et coll 1972 KILGORE
& GREGG 1974) In recent years reports on reducing disturbance by high frequency
structures have also appeared (KUNDEL ct coll 1972 ZiskiN & Supa 1972) but the
results have not been promising However reports by GoobenouaH et coll (1974)
in particular ndicate that it should be possible to improve the diagnostic posst
bilities 1 angiography by dimmishing the disturbing content of the image Therefore
1t seemed of value to analyse the possible diagnostic improvement by frequency
filtration

A device for filtering conventronal roentgenograms with 1 digital techmque has
been constructed and descsibed 1n Part I (CEDERLUND et coll 1979) The function
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3

a b <

1
Fig 3 a) Ongnal film o} bone specime with s 1 cm sofl t peller

" e
) Low pass filtrayion wath 2 4 mm 4 mm mainy side and I witha Smm  § mm matrix side of
ongmal fim

was clearly visible (Fig 3a b) A tendency to an appearatice of false smal! rounded
strictuges was also noted On hiltranon with a smoothet low pass hilter (Fig 42)
almost pondiag to pure hing the f from bone structures was
further dummshed Dut at the same time the sharpness of the pelfet conteur was
considerably reduced (Fig 3¢) This contour was thus more perceptible when the
mote typical law pass fiter was used (Fig 3b)

Discussion

The modutation transfer function of the device 1 satisfactory i it 15 used for band
pass and low pass filteation with ehmination of frequences above about 2 mm-?
(CipeRIUND et <oll) The results of band pass and low pass filtration with hlters of
different properties showed that the procedure ahiered the mage m the expected
way (Figs 1 2 3) This device 1s therefore smtable for testing the posuibihties of
difterent lilters to myprove the dagnostic ability and i view of the large vartabihity
of different types of filters 1t should be superior to the TV techmque described by
KUNDEL et coll (1969) and Fucus et coll (1972) among others

The perceptibility of the bore hole and of the scleroic bone leston as well as of
the rounded | cm soft ussue structure with superimposed spongy bone was im

proved with Jow pass filtratton with eliminatton of frequencies above about 0 5 mm-1
Tius observation 1s n with hypoth

) d previously (eg
HIMMNCHSON ot coll 1972 1975 HEwwInCsSON & LoFRoTH 1976) The greater
perceptibulity of these structuses with low pass fiftraton than with smoothing 1s due
to the fact that the sharpness of the contouts of the low fsequency structures is better
retamed than when fritenng 15 performed by producing blutning (HEmuigsson
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neck crudal to the bore hole (Fig 2) and (3) a bone specimen with a superimposed
soft tissue equivalent pellet 1 cm 1n diameter stmulating a bone metastasis (Fig 3)
The filtered hlm was recorded on the green hight sensitive film Trimax XM (M)

Image enhancement of the ongmal films was performed by digital frequency
filtration sth band pass and low pass filters and filters with an edge enhancingeffect
The charcteristics of the dilferent Rilters are gtven n Fig 4 The calulations were
performed by a desk calculator (HP 9821) under simplified assumptions Thus 1t
w1s assumed that the projected 1mage of the diode matrix on the object consisted
of 10 % 10 square elements with constant light over the surface The square elements
were 1lso assumed to lie edge to edge The cffect of these simplified assumptions
probably mfluenced the modulation transfer function most strongly at the hishest
frequencies

Results

Smooth low pss filtration (Fig 4 a) of the tmage of the stellate test object aliered
the im1ge n the expected way With a 2 mm X2 mm matrix one line pair per mm
wis visible (Fig 1 b) The filter effect was refatively stmifar i the two dimensions
On filtrition of the test object image with a filter with both low pass and band pass
properttes (Fig 4 b) and with a 5 mm X 5 mm matrix resolution of just under a hatf
Iine pur per mm was achieved (about 4 hine pairs per 10 mm) which s abo m
accordince with the modulition transfer function of the filter (Fig 1 c) In awre
ment with the calculted properties of the filter 1round 4 to § inverse matnx sides
the grid hines agan became vistble at just under one line parr per mm (7-8 hnes ©<f
10 mm) This effect was most clear in one dimension, suggesting that the properties o
this filter are not completely symmetric

On filtration of the image of the femoral specimen with the same filter (Fig 4}
with 1 4 mm x4 mm matnix the structures with the highest frequency m the imace
the bone tribeculae were almost chminated (Fig 2 b) wnd this effect 18 expected
wAs further accentuated when the size of the matrix was increased to 6 mm*6 m:‘
(Fig 2¢) The perceptibtlity of the bore hole tn the neck of the femur and of the
sclerotic bone lesion 1n the Iteral part of the femoral nech below the bore hole was
better in the filtered 1mnges When 1 low pass filter (Fig 4 ¢) and a 10 mm 10 m;“
matrx were used, the image of the spongy bone structure w1s almost completely
abolished while the bore hole 1 the neck of the femur as well as the sclerotic
leston was clearly visible The outlining of the bore hole and the sclerotic leston \\lni
relatively well retamed n the filtered mmage (Fig 2d) When the imnge o[‘l]xe
femoral specimen was filtered with 2n asymmetnic band pass filter (Fig 4d) withd
4 mm x4 mm matrix the vertical contours were ehinced whtle the honizontal ones
were almost completely eimmated (Fig 2e)

When the image of the bone specimen with 1ts supertmposed soft tissue
equivalent pellet was filtered with a low pass filter (F1g 4¢) with a 4 mmx4 m[m
matrix the 1mages of the bone trabeculae were similarly abolished wiule the pellet
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Jeston stil had relatnvely good sharpness with this sttong fitration of the mage
Filters with marked low pass properiies would seem preferable to smaoth low pass
fiers

The asymmetric band pass hiter almost completely elimunated the structures m
one difection One Tuture use of such filters might be to emmate disturbing gud
Tines 1t the mage Yoweves normat posuibly d fly important
with the same onientation are ehminated at the same time As the grid Yines have 4
relatively high spana) frequency {GOODINOUGH €1 ool 1974) they are ubstantially
reduced even with the Jow pass Titers desciibed and these filers are therefore
probably 10 be prefested The same shauld z2pply to CT scans where the nowse can
be reduced by low pass fiftration 1mproving the perceptibiity of soft tissue steuc
tuses (BERGSTROM & SUNDVAN 1976)

SUMMARY

The funciion of a devier for frequency hitration of roentgenograms with digiad Yers
tas been tested with the use of dfferent filters The 1mage was aliered i the expested way
which means that the devke s suttable for snvestigating the possibsties of d fferent

fi3tacs 10 smptove the diagnostk ability The results of the tests sndicate that smproverent
should be achieved by low pass hitration

ZUSAMMENFASSUNG

Due Funkhion e r Anardaung zu Frequenz Faftrierung von Rontgenbildern mu digitalen
Filters wirde unter ducg var ! Filtern Das Bild wurde in
der erearteten Wetse verandert Dreses bedeutet dass dic Anordnung emme Beurtailung er
Yaubt welche Moghchkerten & ¢ verscuedenen Fater haben dre duagnostische Ansendbar

keit zu verbessern Die Ergebmusse der Versuche deuten daraut hin dass die Verbesserung
durch Kurz pass Filter erreicht werden kann

RESUME

La fonctuon d un apparell de hitcatton de frequence des radiugra)

fdtres digitanx a €t testee avec dufférents fiftres L umage a été modmi d’;hl‘:s{a?;nn;z:;;zu?
& qui signsfie que § apparen) convient pour mdier Yes possibilites de dilférents Hitres po
amelorer | eflicactte diagnostique Les resuliats de ces essass montrent qu une amél S
devrait &tre obtenue par une filtration passe bas porstion
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1972) With low pass filtratton frequencies above about 0 5 mm™* ate ehmt

et coll e

nated and as a result the disturbing structures largely disappear from the 10 ’
The sharpness of the leston n question 1s thus retamned The best pcl’Cepllbllll)’;’
relatvely large bone Iesions with a cross section of 1 em or more was obtuned h)e
Jow pass filtration with eltmmtion of frequencies above about 02 mm=! Thus t
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RELEVANCE OF RADIOGRAPHIC RESOLUTION
CAPACITY

$ Rucuussy K Astrane 2od K G STRID

Resolutron capacity 1s one of the most ty used 1
designed for describing image qualiy By defimtion 1t ymples 2 m'ure ndicating
fiow many black and white Iine patrs per mm can be distingwished In ¢hinrcal radio-
graphy this factor has been widely employed as a measure of 1mage unsharpaess In
comentional photography (PERRIN 1966) however the concept of sharpness is
treated as 2 mare complex functian determuned by resolutton capacity and acutasice
The latter term s morte dicectly related to the subjective umpression of sharpness
than 1s tesolution capacity Both factors affect the impression of disttnctness obtained
fiom the ymage Sull they are not closely interrelated  An smage with high acutance
ving an ympression of high sharpness may display low resolution capanity and vice

versa However the imphcations of acutance in chmeal radrography are ‘argﬂy \m
known Instead whether jusuhied or not

sharpness have so far been focused upon resolution capacity The main lmc of
carkier thiking n s area has bheen the exteasion of resaluton. canamsy wnta the

lly more soph; d modul. transfer functton (MTF) (MORGAN
etcoll 1963 PreiLer & Kuan 1973 AR\OLD et co]l 1976}

Resolution capacity 1» often eval

dmna )l manner As rad 3
object a gnd conststing of lead bars with screasing line parr density 15 used Rcsolu

Gon capacily 15 then rdentihied as the highest line par denstty resolvable by the radio
graphie sys(cm This technique 15 quite atteactive since it may be carried out 1n 2
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e

1

Fig § Tomographie depiction of a shice of a vertebral body (a, ¢ ¢} and a star shaped lead rescla
1on phantom {b d ) The objects were siuated at the same level outside the temographic plane
gwing nse to blurced tmages {3 b) Pseudo-resolution m (b} On top of this blurred image a second
exposuré (¢ d) was made using a low raduation dose the tomograph bemg mouonless Tre resulung
tmages (¢ D) display a great difference in image quality for the star.shaped phantom {f) the image
of the vertebral body (e) being basically unchanged The dilference 1s caused by the greater attenua

tion difference of the star shaped phantom as shown by a film exposed only ta thv low dose exposure
when ¥ne tomograph was mohonless (¢ &) For the star shaped phantom resolution 1s manly a
matter of sharpness but for the biologic object 11 also depends on the signal nosse ratio

of vertebral body In thusway afum had been produced where the resall h
good sh but where the biologic object was actually

very poorly depicted The explanation 1s obvious when the simple sharp exposures
(Fig 1c dyarescrutimsed The

diff.

wathun the resol phantom
were large enough to yield an informatnve image even for the limited exposure used
m that case On the other hand the

1,

inherent 1n the trat
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standirdized way, without taking into account such factors as tube potental o
presence and screcning of secondary radiation i the practical climical situator
Thus, the test yiclds 1 numencal value which 1s often claimed to be relevant for al
types of object tube potential ete In previous reports (SLLIN et coll 1975 Setnd
RFICHMANN 1977, RLICHMANN et coll 1978, RTICHMANN & ASTRAND 1979) sever
sources of error inherent in this simplified evaluation procedure have been poried
out Since the misuse of resolution phantoms of the type described s very widespread
this matter 1s now treated more comprehensively than before

Lxperiments

Two simple experiments were performed In the first one a star shaped resolution
phantom made of 0 05 mm lead was depicted together with a thn shee of spongious
bone from 1 vertebral body In order to obtain different levels of resolution capacty
these two objects were depicted 1n a tomograph (Polytome normnal focus s
06 mmx06 mm) The shce and the resolution phantom were situated at the same
level The tomographic plane lny outside this level at 1 defined distance Unsharpaess
was created by means of tomography utilising an optimised movement accordin?
to ASTRAND & RricHMANN (1974) This movement created a blurring practicall
free from technical sources of error In this way the two objects were depicted ono
an ndustrial non screen film (kodak Industrex C) which was placed 1n a cassete
without intensifying screens in order to ensure well defined geometnic condtions
The film was developed according to DEICHGRABLR et coll (1974) The exposirt
was made 1t a tube potential of 60 kY and 1 mAs value sufficient to yteld 2 prOP"[
exposure (Fig [ a b) The quantity of blurring was varied so that the penumbra @
unsharpness i one case was 1 mm and n another 25 mm A second 1mage “;:
then obtained 1t an exposure amounting to 1/10 and 1/5 respectively, of the m s
value used for the two blurred alternatives In this case no tomographtc mot:on “h11c
used, the radiographic focus being at zenith In this way images of low phologfﬂi’l
density and low unsharpness were obtared (Fig 1¢ d) Although of low densll’c)d
the films were not underexposed 1n the general sense of the term since one absor! :
roentgen photon tlways cretes at least one developable stlver halide grunin ﬂ?l
screen exposure {BACKSTROM & LunpoH 1959) Despite low phctographlc densbc}d
the Hilms thus displayed all the information detectable i the radiation rehef absor "
by the recording medium A third film was then obtuned where the two e‘posm“h
were combined 1n one and the same film Thus on top of the blurred image %! /
1 mm penumbra a sharp exposure of 1/10 additional dose w1s added, and on IOP;’:
the image with 2 5 mm penumbra a sharp exposure of 1/5 1dditronal dose was ml“mI
(Fig 1e f) Due to the great exposure Iatitude of the film used this small additio
sult in overexposure The addition of a small but sharp exposure
d 1mage gave ris¢ to a clear change in the depiction of the resoly
difference being detectable n the films depicting the shce

exposure did not re!
to the greatly blurre
tion phantom no great
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Fig 3 The resolutien phantem sllustrated n Fig 2
depicted with the same par of intensifying screens
(Kodak X omatc Regular) using fims of different
sensitivity the exposure n (b) being 12 tmes higher
than 1n (a) Three hine pair densities are included (-~}
n (a) only the towest spatual {requency oay be con

<idered as resohed Fesolution being hmited by quan

tum mottie Lowerng of this mottle {b) gnes nse to
sncreased resolution for the type of signat used in this
e

t
|
!

The usefulness of the phantom 15 illustrated by the following expeniment The
phantom was exposed 1n air at 60 kV tube potential additional filtration 1 mm 1ron
Three intensifying screen pawrs were used viz Kodak X ematic Regular hyokko
LH 2 and Siemens Diamant Super the screens beng of nearly the same speed
Apart from the plexiglass phantom the star shaped lead phantom was also included
10 the view field When a conventional oentgen film was used (Agfa Gevaert Cunx
RP 1) the three screens gave a resolution of one line par per mm of the plexiglass
phantom The resolution for the lead phantom was constderably higher Ttus dif
ference 1ndicated that the resolution capacity for the plexiglass phantom was noise
himited rather than MTF Iimited For this reason a low speed film was used (hodak
Industrex C) leading to a 12 fold increase in exposure At the same trme the resolu
tion capacity for the plexiglass phantom increased so that I 4 line pairs per mm
could be distinctly resolved and 2 hine pairs per mm were suggested (Fig 3) Thus
resolutton capacity was improved despite the fact that unsharpness remarned un

changed This dose dependency of resolution capaaity could not be demonstrated
with the tugh-contrast lead resolution phantom

Dascussion

Achievement of optimum performance i radiographic 1maging systems s still
attempted with surpnsingly Iittle attentton betng patd to the object to be 1maged
Phantoms destgned to behave like the human body are large and clumsy and difficult
to coustrict Therefore 1t 15 tempung to use small phantoms stead preferably
made of a sheet of metal Data obtaned from radography of such metal objects
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Fig 2 Drawing of a resolution phantom
where contrast decreases with sncreased
number of linc pairs per mm The phantom
was cut 1n a block of plexiglass

of the spongious bone were not sufficient to yield any informative signals 1n the
type of cxposure For this reason 7 really sharp exposure on top of the blurred one
was obtuned only for the lead phantom causing a difference 1 final 1mase ap-
pearance, while no further information was obtained from the biologic specimen wilh
its smaller attenuntion differences This implies that the signal/noise ratio the
sharp exposure was good enough for changing the appearance of the lead phanton
image wheres 1t was msufficient in the case of the vertebral body This i tum
suggests that resolution 1s not only a matter of how the information 15 spread o2
sideways direction by means of focus unsharpness diffusion of light n ntensifyng
screens ete 1t 1s 1lso 1 matter of the signal/noise ratio This means that the magaitodé
of the attenuation differences and the noise level of the radiographic system cannot
be lelt without regard when resolution capacity 1s discussed to the extent that has
generally been the case ’

The shortcomings of the classical resolution phantom made of lead are mc; *Y‘
caused by the fixed attenuation difference This effect 1s especnlly obvious at 'En
spatial frequenctes (a high number of line pairs per mm) If for example 2 r:omhm:)z
brologic object such 1s 1 blood vessel 1s considered 1t 15 immedrately realised ! :u:
large vessel gives nise to a broad image tn the film but 1t also yields a high atlt| "
tion difference due to the large dimension of the vessel in the direction of the roenhgm
rays The fine vessel gives rise to a fine detail m the 1mage simultancously zm]
actericed by a small attenuation difference 1s compared with that of the large ¥ S
even if the concentration of contrast medrum 1n the vessels 1s 1dentical This ]mf "
that 1f a line pur resolution phantom s to be constructed 1t should mn princip e‘i "
rise to a decreasing attenuation difference when the number of Iine pairs pef m o
mcreased Furthermore the attenuation difference should be continuously vara "
Such a resolution phantom was constructed being tested 1n the second “pcnmlcw

A drawing of the phantom appears in Fig 2 The phantom was cutina plc‘lg\d—‘
block the cut sectron shape of the lines being trangular The {tne parr density L\St\c ;
as the depth of the Imes were changed by a factor | 2 between consecutive § Pﬂ
entatling a decreasing attenuation difference with a rising number of line patrs za
mm When exposed as it 1s the phantom ytelds an image resulting from the Jttcr:] :
tron difference of plexiglass in relatton to arr The phantom may be immerse .
fluid contaiming various high absorbing substances such as todinated contr
medin the concentration of which may be vared
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obviously gave rise to a noise 1 of when a ¢ 1 roentgen
film was used The clearest proof of this 15 that resolution increased when the same
screens wese combined with a film of lower sensitivity The particular property of an
mtensifying screen that gives good resolution of high-contrast objects such as metal
wire gnds 1s expressed by the modulation transfer function On the other hand the
property giving rise to the gnall 1ats0 15 eXP! d by the g
detection efficiency The latter p has so far d rather scant

The most comprehensive analyses have been manly theoretic (STEVELS 1975 STLVELS
& PINGAULT 1975 STEVILS & SCHRAMA DE PAUW 1976) 1 proper phantoms are
used for evaluating 1mage quahity a shift of interest from the MTF to the quantem
detection efficiency and its practical evaluation may be anticipated

SUMMARY

capacity Is trad My evaluated by hy of metal objects (lead bar
grids or Tine shits) These obgects yreld high image contrast Resojution then s himited by
the sideways spread of mformation as expressed by the MTF However biologic obects
of fine dimenstons grve nise to much less image contrast than the test abjects of metal Since
the amplitude of the signals thus becomes reduced the signalfnosse ratee 1n fact lanats sesobu
uon capacity much more effectively than does the sideways spread of information Thus
the MTE expresses a property of the radiographic system which appears only rarely to
affect the informanion capacity of chmeal radiographic images

ZUSAMMENFASSUNG

Das Aul wird trad durch it von

(Blexstabchen Grtter oder feine Schhtze) festgestellt Diese Objekte fubren zu eiem hohen
Biltkontrast Die Auflosung ist dann begrenzt durch dee sentfiche Streuung der Information
ausgedruckt dyrch die MTF Biologische Objekte hingegen von fenem Dimension geten
Anlass zu wesenth h geringerem Bildkontrast als dte Testobjekte von Metall Da die Amph
tude der Signale dadurch reduziert wurd begrenzt das Signal-Rausch Verhaltnis tatsachlich
das Auflosungsvermogen wesentlich effektiver als es die seitliche Streuung der [nformation

tut Daber druckt die MTF eine Eigenschaft des Rontgensystems aus dre nur selten 'd"
nformative Kapazttat des tdes zu beeinf] schent *

RESUME

Le pouvorr de est &
valué par la rad

?éml\qms {gnlle de barres de plomb ou fentes fines) Ces obyets donnent un fort c:n‘:bjﬂs

|m‘ag= La résolution est donc limitee par Ia dispersion laterale de | formation exy r:am
Par la FTM Cependant, Jes obiets biologtques de fines dimenstons donnent nasss s
un contraste d ymaye trés inferteur & celut des obyets tests en metal Eraint donne que IS:::n‘xl£l
ignalfbrint imyte en f; -
. a1t Je pouy
:::Sdi (ag;‘\ilxmmaup plus importame que ne le tatt la dsspersion h(érals de Io:r:rgc o
: il €Xprime une proprieté du systéme radiographrque quu n alfects oo
2 capacité d des 1mages radi ques chimques. © que rarement
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may then be uneritically 1pphed 1n human radiology even by people who would
never consider testing the performance of an equipment for chest radiography b
using 1 sheletal phantom Skeleton and lung tissue need different optimisation of
radiogr iphie procedure (MATTSSON 1955), as 1s well known The present imestia
tion ndicaes that the same difference applies to clinical radiography 1 compansen
with radiography of metal objects as well In principle then meta) obyects showd
be used for optimisition of radiography of metal objects However thev should be
avarded 1n climeal ridiography unless stnet precautions are taken 1o ensore tha
the specinl properties of the metal obyject are constdered 1n the fina) evaluation
Estimation of the MTF for intensifying screens 1s usually based on radsography of
A fine metal sht which yields an exposure of extreme contrast The hne spread func
tion 1nd subsequent modulation transfer function thus obtuned refer, 1n a sense 1o
conditions never actually occurning n clinical radiography This 1s not to say tht
the functions m question should be regarded as irrelevant to the actual spread of
Iight 1n the screens yet the relevance of this spread to image quality i the chneal
situttion remuns (o be proved The assumption of MorGAN et coll (1964) that 18
general 1bility to record detrl 1s poor in those situations where the spread is Jargt
and good where 1t 1s small still appears to be considered by most authors an avion
i no need of testing 1t 15 only very recently that a test has been pubhshed (G4
et coll 1978) concerning the value of the MTF i the chnical situation The authors
used a thorak phintom where fine nodules were inserted Screen film radloamp}‘;
was performed with three different film speeds so that noise condihions were altere
without the MTE bemng ffected The latter factor was also changed by varyue th
s1ze of the focus The detection rate for the coin lesions caused by the nodules 3¢
dlearly improved when noise was reduced Small focus size (1e mproved MTF:
gave no improvement of detection 1n fact a shght impairment was noted Thes!
results point 1n the same direction as those of the present report duib
A test object of the hind used here 1s exsy to construct and m1y be combined »
different external atfenuating components—air different contrast media cte Ondtop
of the phantom various amounts of water can be added giving fise to secon ﬂrf(yl
radiation to the same extent as (s encountered in chinical radography Some stan?&
conditions may well be formulated for the evaluation of different hinds of 11'13 l”
graphic equipment For eximple equipment designed for full size angiograp {lmc
cm % 35 ¢m mAay be tested 1t a constant amount of water and one or more 10 .
concentrations The contrast properties of the final image together with resolutio
may then be used 1s an indicatron of performance for the total equipment e
When the resolution of ohjects with a smaii attenuation difference 15 nnnlyse(lid‘bc
importance of the signal/noise ratio for the mitation of image quality shous o
expected to ncrease compared with the sideways diffusion of nformaton a[ e
pressed by the modulation transfer function The decreasing importance © ’
latter explauas the difference between the lead phantom nd the other objects ctposcm
The three ntensifying screens used 1n comjunction with the plexiglass phantol
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 obviously gave Tise {0 a noise of resol whena tronal

film was used The clearest proof of 4hus 55 that resolution wcreased when the same

. screens were combined with a file of Tower sensitvity The particular property of an

. mtensifying screen that gives good resolution of high-contrast objects such as metal
wire gnds 15 expressed by the modulation transfer function On the other hand the
property giving fise to the op gnal/ ratio 1s expressed by the q
detection efficiency The latter parameter has 5o far atiracted rather scant atteation
The most comprehensive analyses have beert mawnly theorelic (STEVELS 1975 STEVILS
& PinGauLT 1975 STEVELS & Schrama DE PAuw 1976) 1f proper phantoms are
used for evaluating image quahty a shift of interest from the MTF to the quanium
detection efficiency and its practical evalvation may be anticipated

SUMMARY

capacity 1s trad. Ily evaluated by rad hy of metal objects (lead bar
gnids or fine slits) These obyects yield high image contrast Resolution then 15 limited by
the sideways spread of iformation as expressed by the MTF However buologic obyects
of fine dimensions give rise to much less mmage contrast than the test objects of metal Since
the amplitude of the signals thus becomes reduced the stgnal/nosse ratio in fact imats resolu

tion capacity much more effecthively than does the sideways spread of information Thus

the MTF expresses a property of the radiographic system which appears only rarely to
affect the mformation capacity of chmcal radtographic images

ZUSAMMENFASSUNG
Das Auf] gen wird trad 1l durch R by von Metallob,
(Blerstabchen Gatter oder feme Schhtze) fest

gestellt Diese Objekte fuhren zu emem hohen
Bildkonteast Die Auflosung 1st dann begrenrt dusch die seahehe Streuung der information

ausgedruckt durch die MTF Biologische Objekte hrngegen von feiem Dimension geben
Anlass zu thch als die Te kte von Metall Da die Ampht
tude der Signale dadurch reduziert wird begrenzt das Signal-Rausch Verhaltrus tatsachlich
das Auflosungsvermogen wesenthch cffektiver als es die seitliche Streuung der Information

tu: Daher druckt die MTF emne Eig nschaft des R

ontgensystems aus die nur selten dre
Kapaztat des 20 beemf) scheint

RESUME
Le pouvor de résol st

v 4

métalliques (grille de barres de plomb ou fentes fines) éci‘su:b;z ;:nmm un fort e
dmage La resolution est donc hmitée par la dispersion latérale de | mlonmauo e
pac la FTM Cependant ks objets ologiques de fines dim nsions donnentc:anﬂpnmé;
f:a?g"m d mage trés mtérseur & celu des abjets tests en métal Etamt dosine qu:s::’-rh
fude d:{sﬁ:;g:;: est ansi reduite le rapport signal/bruit hmite en faut le pouvoir de résopiu
o fagon “;c’:;r‘r::s g que ne fe fait 1a dy laterale de [ inf,
Y propriete uAsyslémc radiographique qut n affecte que rarement

des tmages

chnques
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m1y then be uncnitically tpphed i human radiology even by people who woud
never consider testing the performance of an cquipment for chest radiography by
using 4 skeletal phantom Skeleton and lung tissue need different optimsation of
radiographic procedure (MATTSSON 1955), as 1s well known The present myestis
tion indicates that the same difference apphies to climeal radiography in compansos
with radiography of metal objects as well In principle then metal obyects shoud
be used for optimisation of radiography of metal objects However, they should be
avoided m clinical radiography unless strict precautions are taken to ensure that
the specal propertics of the metal object are considered 1n the final evaluation

Lstimation of the MTF for intensifying screens 1s usually based on radiography of
a fine metal sht which yields an exposure of extreme contrast The hne spread func
tion nd subsequent modulation transfer function thus obtamed refer, 1 a senst to
conditions never actually occurring 1n chimeal radiography This 1s not to say thit
the functions 1n question should be regarded as irrelevant to the actual spread o
hight 1n the screens, yet the relevance of this spread to image quthity in the chimea!
situation rem-uns to be proved The assumption of MORGAN et coll (1964) that in
general ability to record detaul 1s poor n those situations where the spread 1 laree
and good where 1t 1s small stll appears to be considered by most authors anauom
m no need of testing Tt 15 only very recently that a test has been published (GRY
et coll 1978) concerning the value of the MTF in the clinical situation The authors
used 1 thorax phantom where fine nodules were mserted Screen film radlogfﬂphz'
was performed with three different film speeds so that noise conditions were altere
without the MTF being affected The latter factor was also changed by varyme the
size of the focus The detection rate for the com lestons caused by the nodules b2
clearly improved when noise was reduced Small focus size (e improved l_‘rll:f;
gave no mmprovement of detection, 1n fact a slight impairment was noted The
results point in the s ime dtrection as those of the present report

A test object of the kind used here 15 casy to construct and may be combr
different external attenuating components—arr different contrast media etc On top
of the phantom various amounts of water can be added giving rise 10 scccn:ﬂrf)’d
radiation to the s1me extent as 1s encountered m climcal radiography Some stan daw
conditions may well be formulated for the evaluation of different hinds of l;’i 135
graphic cquipment For example equipment designed for full size anglograp z{,xne
cm X35 cm may be tested at a constant 1mount of water and one or more 10 .
concentritions The contrast properties of the final image together with resolutio
may then be used 1s an mdication of performance for the total equipment § e

When the resolution of obgects with a small attenuation difference 1s analysc b
importance of the signal/noise ratio for the limitation of image quahty shou y

d to Increase compared with the sideways diffusion of information as €

b the modulatron transfer function The decreasing importance of the
]rz\rletzc:q::);ms fhc difference between the lead phantom and the other objects exposed
The thrce intensifying screens used 1n conyunction with the plevgliss phantom

ned with
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IN VITRO EEFECTS OF CONTRAST MEDIA ON THE
WATER CONTENT OF HUMAN ERYTHROCYTES

G Bortymasy B JAGrR and G FREITAG

In the use of 10dized contrast medta 1 the human organism side effects frequently
sccur Therr cause has not yet been clearly elucidated Several hypotheses have been
\dvanced Effects on the nervous system reactions of the cardwovascular system
vessel endotheltum lestons 1njurses of blood cell membrane as well as disturbance of
water and electrolyte balance have been claimed to be caused by contrast media
{BARKE 1970 Brck 1974) Water and electrofyte transfer between the intraceliular and
extracellular space have been reported to be induced by hyperosmolality of contrast
medta (CHAPLIN & CARLSSON 1961 GIAMMONaA et coll 1963 MEYER & Reap 1964
FRIESINGER et coll 1965 McINTossi et coll 1967 CoHEN et coll 1969 Leviv et coll
1969) Vo~ BuBNOFF & RIECKER (1961} RIECKER et coll (1963) and FROHLING et coll
(1973) stated that blood constitutes 2 representative model of the water and electsalyte
balance and the influence of contrast media was analyzed both 1n vitre and in vvo

larly the erythrocyte/pl system Crniterta employed to determine dis
trbances of the water and elecirolyte balance induced by contrast media were
osmofahty {GiawmoNa et coll  LviN et coll  MANN & ZErTLEr 1975) hematocnt
{Svoropa & Flara 1964 2 FRIESINGER et coll  McINtosH et coll  Leviv et coll
Bibrk 1970) hemoglobin content (CHAPLIN & CARLSSON) son content {LEvIN et
coll Beck JaGER 1978) and the morphology of the erythrocytes (CHAPLIN & CaRLS
SON MEVER & READ SvoRODA & FIALA 1964 b Mcltosh et colt) Lawenng of the

hematocrit value increase in hemoglobin content and erenation of erytheocytes after
apphication of contrast media were sndirect! dered to indicate d

water
Submitted for publication  § November 1978
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IN VITRO EFFECTS OF CONTRAST MEDIA ON THE
WATER CONTENT OF HUMAN ERYTHROCYTES

G BottMany B JaGer and G FRUTAG

In the us» of 1odwzed contrast media i the human orgapism side effects frequently
occur Their cause has not yet been clearly elucrdated Several hypotheses have been
advanced Effects on the nervous system reactions of the cardwovascular system
vessel endothelium lestons imyuries of blood cell membrane as well as disturbance of
water and ¢lectrolyte balance have been claimed to be caused by contrast medta
(Barke 1970 Beck 1974) Water and electrolyte transfer between the intracellulas and
extracellufar space have been reported to be induced by hyperosmolality of contrast
tredia (Crapis & CARLSSON 1961 GiamvioNs et coll 1963 Mever & Reap 1964
FRIEsINGER et coll 1965 McINTOsH et coll 1967 CoHEn et coll 1969 Levivet coll
1963} Von BupNoFF & RIECKER {1961) RIECKIR et coll (1963) and FROHLING et coll
{1973} stated that blood constitutes a representatsve model of the water and electrolyte
balance and the 1nfluence of contrast media was analyzed both in vitro and in viso
particularly the erythrocytefplasma system Criterta employed to determyne dis
turbances of the water and electrolyte balance induced by contrast medsa were
osmolahty (G1asMONA et coll Leviv et coll ManN & ZestLer 1975) hematocrit
(Sv0BODA & FiaLA 1964 3 FRIEstGER et coll McInTosH et coll  LEviN et coll
BiOrk 1970} hemoglobin content (ChaPLIN & CARLSSON) 100 content (LEvIN et
coll BECk JaGER 1978) and the morphology of the erythrocytes (CHAPLIY & CARLS-
SOV MEYER & READ $voBODA & Fiara 1964 b McINTOSS et coll} Lowenng of the

hematoent value tncrease i hemoglobin content and crenation of erythrocytes after
apphication of contrast media were and

1o mdscate de. a water
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content in the red blood cells However according to the literature avalable diree
measurements of the cell water content of erythrocytes after contrast media admn
stration have not yet been performed The hematocnt value and the hemoglobm
content of erythrocytes permit only rough estimations of the amount of water ds-
charged by the red blood cells Therefore, 1t was found motivated to examme the
erythrocyte water content 1s a function of the concentration of various contrst
medit The evpenments were carried out n vitro using Visotrast 370 (76% w/y)
Adiprodon (50°, w/v) and Dimer X (60° w/v)

Material and Methods

The blood required (5 » 10 ml) was obtamned under sterile conditions from cubita
vens pressed only during puncture from randomly chasen subjects of enher ses The
bload samples were taken by means of 10 ml disposable syringes that had previously
been wall wetted with 1 muxture of sodium heparinate solution (SPOFA Prague
Czechoslovikia) and tsotonic glucose solution at a 1 10 ratio n order to avod
congulation The blood w1s immedrately transferred mto five graduated centnfuee
tubes Four of these contamned such amounts of contrast medea that when blood vas
added to 10 ml concentrations of 1 10 1 20,1 50and 1 100 respectnely werecd
tuned Blood and contrast medium were intensively mixed with a glass rod for2to
3 min The control blood 1n the filth tube wAs treated identicatly Immediately afier
wards the blood samples were centrifuged at room temperature and 2 500 g for 4
min At this centrifugal acceleration an optimum packing density of erythrocytes ¥
obtamed after 30 min (HumvrL & ZOLLNER 1957) The plasma supernatant and the
top layer of the crythrocyte sediment were drawn off carcfully by a water et PU‘;P
and disearded A 1 mi pipet was used to collect approvimately | g erythrocyte 5 IA
ment from the bottom of each centrifuge tube The sediment was then transferre
mto 1 weighing glass and the wet werght was determined on an analytic bﬂ‘ar:l“
(OWA Labor Type 707 03 VEB Oschatzer Waagenfabrnk GDR) Subscquc'; ny;
the erythrocytes were kept 1n a drying cibmet at 105 C for 24 hours After C(:;’\lﬂ
down to room temperiture 1n an exsiccitor the weight of the dry mass was ¢ o
mined The difference between the wet and the dry weight measurements with lh
absolute amount of water so obtamned being converted into per cent rcprcscntcdt ¢
per cent water content of the ery throcytes

Results

The mean water content of the erythrocyte sediment was found to be 66 464.1 12%
by wesght thus being 1 igreement with data reported in the literature (Rlcculk
1957 Losst et coll 1960 voN BUBNOFF & RIECKRER Grssirr 1961 PRanERD 1961,
HrrmnGrr 1962 ComAR & BRONNER 1964) Allowing for the plasma error of the
erythrocyte sediment which 1s 22840449 by volume (Rircarr & von BURNOFF
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Table 1

S ater content of ersthrocytes at different concentations of Visotrast 370

Dilution N
110 7
17 7
150 7
1100 7

N =Number of indsvidual values
Student 5 1 test (analysss of paws)

H O before H O after AHQ v

{ bywegh) ( by wetght)  { by weight)

66331115 5900144 -733 <0001

6633+115 6178£239 ~4355 <go0t

66334115 63231093 =310 ~0001

66334115 6516079 ~117 <0010
Table 2

T ater content of erythrocytes ar different concentranions of Dimer X

Diston N

H Q before HQafter AHO

( byweight) ( byweghty { byweight)
110 15 66502141 6787149 -403 <000t
1o 15 66901141 6426148 -264 <0001
150 15 6690141 65404137 -150 <0001
1100 15 66901141 6624144 -067 <0001
N =Number of mdrdual values

Student s t test (analysis of pairs}
Table 3
Water content of erythrocytes at different concentrations of Adipiodon

Dilution N H O before H,0 after AHO p*

( byweght) ( byweight) ( byweght)
110 15 6607127 6829+142 +222 <0001
190 15 6074127 €815x132 +208 <0001
150 15 6607+127 66452160 +038 <02
PRTY 15 66072127 6596117 -o11 >02

N - Number of individual values
Student s t test (analysis of pairs)

1959) the water content observed for the pure erythrocyte mass was 64 18+1 13

by volume which agrees well with the results re;
Eiex & Buky (1966)

ported by Czaczkeset coll (1 963)and

Following the additron of Visoteast 370 and Dimmer X to hepanmized blood a highly
significant decrease 1n erythrocyte water content occurred depending on the amount
of contrast medium added For the Tughest concentration (contrast meditm/blood

=1 10) the erythrocyte water loss found with Vesoteast 370 (Table 1) was 733

oby
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weight which corresponds to some 11 9, of the water content Fort1 100 dilutionthe
water loss of the red blood cells induced by the contrast medium was still more tha
1°, by weight The respective data for Dimer X (Table 2) were 4 03 and 067°%by
weight The lesser effect of Dimer X compared to Visotrast 370 1s apparently dueto
1ts lower osmolality

Unlihe Visotrast 370 and Dimer X the addition of Adipiodon to blood (Table )
at high concentrations caused an uptake of water by the erythrocytes It was onlyat
maximum dilution (1 100) that a shight but insignificant decrease im red blood ce
water content was found Moreover the changes t water content were less uniform
compared to those obtuned for the other two contrast media

Discussion

In view of the fact that the contrast media tested have hyperosmolar propertes &
water loss 1¢ erythrocyte shrinkage was expected after addition of the three medit
to the blood However shrinkage of erythrocytes was observed only n the presenceel
Visotrast 370 and Dimer X while Adipiodon addition to blood resulted 1 water
upthe or swelling of erythracytes The shrinkage of red blood cells observed wih
Visotrast 370 and Dimer X ts m agreement with findings by Craruy & CARLSSON
MEYTR & RrAD Svonapa & FiaLa (1964 b) MclIntost etcoll and Lovivetecl
who found a decrease 1n hematocrit an increase in mean corpuscular hemoglobin
concentration enhanced aggregations and aggluttnations or crenations of erythre-
cyles Since both contrast media show only a comparatiely poor protein binding
capactty and for short periods of action on blood hemolysis ts of minor nmportanfz
(CHAPLIN & CARLSSON Svonopa & FiaLa 1964 a) therr hyperosmolality 15 believe
to be the decisive cause of the water loss of erythrocytes

The swelling of erythrocytes following the addition of Adiprodon correspon ;
the findings of BCRNSTEIN et coll (1964) They found 1 mongrel dogs after expost s
of the blood to Cholografi a considerably reduced or absent sedimentation mttmi
strongly increased viscosity of the blood and shghtly diminished density of lhto "
blood cells at the highest contrast medium concentration used 1€ 0 86 mg/10 .
(contrast medium/blood =1 60) By reason of the more difficult packng also (;]5
served the authors postulated a decrease 1n cffective density of these red blood cel o
The swelling demonstrated 0 the present experiments following the addlllof}rhc
Adiptodon 1s utomatically connected with the decrease in red blood cell density :
constderable reduction of erythrocyte diameter with the increased concentration :e
the contrast medium 1s however ncompatible with this Also the question szcd
contradiction between dimimished sedimentation on the one hand and enhan
aggregation 1nd agglutination on the other hand 1s still not clear s

The erythrocyte swelling after Adiprodon addition despite hyperosmolar proper
of the contrast medium 1$ SUrprising It 15 known that contrast media with 2 nont
substituted hydrogen atom on No 5 carbon atom of the benzene ring are to a gred
extent bound by plasma proteins particular albumins (Lasstr et coll 1962)

ds with
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Erythrocytes are also capable of accumulating contrast media on the membrane
sudace but 1o an essentially lesser degree Presumably the bond 1s established by
electrostatic attraction between plasma proteins (enythrocytes) and those contrast
media When plasma proteins at physiologic blood pH values are assumed to carry
positive charges then the bound Adipiodon molecule should have a site of negative
charge This site could be a mtrogen atom of the adipoy! dramuino group The artrogen
1s made positive by the adjacent keto group with the highly negatine oxygen atom and
consequently the nitrogen to hydrogen bond of the NH grouping 1s loosencd Under
{ bl 1 di the hydrogen may even dissocsate as ap jon
(proton} and be replaced by other substituents In this way proteins can be bound by
contrast media contaning a hydrogen atom m the 5 position of the benzenc ning The
hydrogen sons so released cause a decrease i pH The consequence rught be an up-
take of water 1¢ swelling of the erythrocytes (voN BUBNOFF & Rirchir RIECAER
1963 RADERECHT 1970) But then the acidosts postulated should be sub:

preater than the pH decrease measured by MARSHALL & Henorrsos (1968) and Levin
etcoll with Conray 280 and Hypaque M (75 w/v) since 1n both contrast media the
hydrogen atom 1s substituted 1n the 5 position of the benzene ring The present as
sumption 15 supported by the fact that-—unhke Renografin Hypague and Miokon—
Adtpiodon cau es a marked agglutination of erythrocytes (LasseRr et coll ) and has
a higher aggregation rate than Urografin and Hypaque (LINDGREN et coll 1964)

On the other hand 1t may be possible that Adiprodon binding to plasma proteins
due to 1on incluston or

1nvolves d o0 2ctivity i the
plusma with subsequent swelling of the red blood cells A decrease jn the pattcle

coomt of plasma due to aggregation of proteins and erythrocytes by means of Adi
piodon should be of lesser importance An acidatec effect of Adipiodon ohing to a
shift of Donnan s equilibrium has also 10 be taken 1nto consideratron The constder
ably lower protein bindmg capacity of contrast media with a substituted hydrogen
atom o No 5 carbon atom of the benzene nng could be due to steric seasons ¥ the
present assumption were confirmed by the use of labeled sub tances then the deter

mnatton of water content would provide a stmple method for duffecentiating between
contrast media with and without binding capactly

SUMMARY
The effect of the concentr.uion of the contrast my
x edia Visotrast 370 D
Adiplodon on the water content of human esythrocyles was analysed vu':‘,“\v’;;::
mka,e) of erythrocytes was fo d
;::sgm ?r Visotrast 370 and Dimer X the applwation of Adiprodon czusedu:atm lhe
e {swelling) Possible cause of swelling of red blood cells despite the b St
of Adipiodon are discus.ed o molaluy

ZUSAMMENFASSUNG

en wurde der Esaflug der Konzentratro,
n der Rontgenkont
t X und Adipiodon auf den Wassergehalt menschlicher Err;trhars;

Unter m vitro Bedingung,
mittel Visotrast 370 Dime:
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2yten untersucht W ihrend es in Gegenwart von Visotrast 370 und Dimer X zu etmer kon
zentrationsabhangigen Wasscrabgabe (Schrumptung) der Erythrozyten ham fuhtte Ad
prodon zu einer Aufnafime von Wasser (Schwellung) Moghiche Ursachen der Schwelin,
der roten Blutzellen trotz Hyperosmolaltta des Adiptodon werden diskutiert

RESUME

L clfct de la concentration des moyens de contraste Visotrast 370 Dimer X ¢t Adipodon
sur {1 teneur en eau des drythrocytes humains a €té tudié 1 vitro Alors g en présence d
Visotrast 370 ¢t de Dimer X les érythrocytes subissent une perte d cau dépendant dels
concentration {dimunution de volume) L application d Adipodon cause une absorpint

d cau (gonflement) Les autcurs ¢ Ies causcs possibles de | devolure
des globules rouges sang malgeé { hyperosmolalité de | Adspiod
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Book review

Am/muc oNCOLOGIC RADIOLOGY Edited by Bruce A Parker and Ronald A Castellre
451 pages C V Mosby Company Samnt Louts 1977 Price US $39 $0

Current advances 1n pediatric oncology are based on wntimate teamwork utihizing nes
forms of combined treatment which can be individually adapted to the nature of the dieze
and be modified according to its course This has bcome possible thanks to progress mad:
mn diagnosis and has resulted 1n a substantral increase in the survival of infants and chidren
with mahgnant discases Thus has tn turn placed new demands on dragnosis It 1s ot ot
mmportant to identify the malignancy early and to define 1ts site stage and extension 18
also essential to supervise its response 1o the treatment to detect any recurrence withod
unnecessary delay and to recognize any compiication of the disease or the treatment

Radiology plays an mmportant role 1n all thesc respects However the peduatric 1ador
togst 1n an oncologic team should preferably not only master his own speciality but a0
possess suffictent knowledge of other diagnostic procedures and tests to mtegrate al the
findings with chimical management The book edited by Parker and Castellino offers great
help n the acquirement of such knowledge

An mtroductory sursey of pediatric oncology by Wilbur 1s followed by a section on ¢
pediatric appltcation of special procedures angtography (Fellows) neuroradiolog (Goo-
ding) lymphography (Castellino ¢t coll) nuclear medicine (Gilday) and echograph
(Filly) Subsequent scctions are concerned with the systematic description of the main
pediatric ncoplasms leukemia (Gwinn) Hodgkins disease (Parker & Castellino) non
Hodgkin s lymphoma (Casteiline & Parker) histiocytosis X (hirks & Tayby) Wilms tumet
(Grossman) neurobfastoma and other adrenal neoplasms (Friediand & Crowe) prmay
tumors of the Iver (Wallace) of the central nervous system (Gooding) of bone (Srembachi
Parker) and rhabdomyosarcoma (Lee} These sections deal mawly with the radiologic &
pararadiologic findings and their evaluation but also with pathology chinrcal presentation
pertinent laboratory tests classification (or staging) treatment and propnosis

A large number of highly informative rocntgenograms are reproduced The iilustrat
include some 1sotope scans and echographic Iindings

10n5

Georg Theander

Acta Radiologica Dragnosis 20 (1979) Fasc 4
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CONTRAST ENHANCEMENT WiTH TIME
IN GLIOMAS

Stereotactic compuier tomography following
contrast medium nfusion

R LewANDER

The time course of enhancement 1 brain lesions at computer tomography (CT}

. dusing the fust 3 hours after wtravenous bolus mjection of contrast m=dium was
analysed from the differential diagnostic pownt of view by Hatay et call {1975) An
extension of ths report 1 a Sarger senes of pabents was presenied by LEWANDER
et ol {1978 a) to elucidate whether enhancement dynamucs recorded dunng 60 run
afternatnvely 30 min mught be sufficient Jor the sam= purpose 1t vvas concluded that
the indicated time span was still most wseful 1n the differentsal diagnosis of intra
cramal lesions Al o observation times of 30 10 69 mint were found to constitute
the upper limits of what could be achieved without resort to sp cizl head fixation
facithuies In particular repeat of £: y teprod ity put
Wi b demand on a rehiable head fixation The drawbacks of conventional admimstra
uon of contrast medim smyeeted as a bofus for obtaming enhanciment were also
pomted oul 1e detnmental vanatons of iection rate and recirculation

An attempt has been made to ehmunate these inconvensences by ustng a head
Tixation system of new design and a two ¢

system of ad 100 of
contrast medium ynyected tn the form of 2 bolus mmediately followed by an mfusion

From the D panment of Neuroradiology {Direcior P of T Greut:
2} Karofinsk:
SllN 0l Stockho r and the Diepartment of Dizenosy Radiology (Dlredmr }l};zla‘f;l\;:::;l)
Yuddinge Syukhus § 141 86 Huddinge Sweden Submitted for publication 4 Tanuary 197
Acdgai fgc D g QU979 Fas §
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to provide 1 constant concentration level of medium in the blood duning the examm
tron Using 7 stereotictic technique BoLtiius et coll (1978) and Lirwanpr eteel
(1978 b) found that 1t was possible to predict the tumour type of biopsy specme s
from the enhnced CT image with 1 certun degree of confidence They alsofoundth
It wis necessary to obtun biopsies from several pirts of the tumour i ordet b
obtain 1 specilic drignosts

The um of the present investig wion was to find out if diiferent tumour componer»
and contiguous tissues (microscopreally confirmed) have different dynamic enhan®
ment response alter contrst medivm infusion The results of an attenipt to delizet
enhincement charictensucs of gloms of different grades are also presented

Material and Methods

The mterial consisted of 14 patients with ntracrinnl ghoma aged between 3
and 70 years The diignosts was est iblished on the basis of microscope ard esta s
eximnitions (stereotictic bropsies) in 13 cises ind 2t 1utopsy mn ofic eaft ™
pitients were referred to the neurortdiologic depirtment for 1 stercotactic T
examintion where the coordintes of the target pomts issessed at the CTmst
were trinsferred to those of the stercotictic system used for bropsy Most ptteot
were mcluded 1n 1 previous report discussing the results of stereot wtic biopsy b
pitients with ghomn (LLwANDIR et coll 1978b) From this orginnl materitd
patients hid to be excluded becwse of the followtng reasons In one pateat l;\t
peniphery of the Jesion was ngid 1nd therefore attempts to obtmn usbl SJ("F‘:
from this purt fuled and no diignosis was estabhished In one patient the 1u1\:i°:\
w1s undifferentiated nd impossibie to clissify In one cise from which 1 N
biopsy simple was obtuned no tumour cells could be identified 1 rectne E]m\ll;nn
alternstively 1 strocytomd grade 1 was suggested However this patient ha
mtricerebral subcorticil haematomy n the night pineto occipital region
previously which wis evacuated operitively Then in acute left centrl pa «
the scventh nerve d 4 Ieft henip iresss developed CT 25 days Tuer reveal d .
panding leston in the night ypothelamus with 1 funt nim appe iring after ccﬂ"ﬂ
enhancement At 1 repeit CT 36 days Iter the leston wis found to bu fess ”
panding, Carotid angiography demonstrited 1t slow crrculitton but no cwdcnccw
tumour The lustory development of the disorder findings 2t CT carotid snfuh
graphy wid nucroscopy and the fict that ephinced rims are not consns!cll;\ :{m
astrocytom s of grade I (Tcuanc et coll 1977 LLwANDIR ¢t coll (978 b) (i "
2 vaseul ir Jeston the most pliustble digntosts Frally 2 pitients not futhling )
pratacol crtena were excluded A helmet made of 1 bind of thermopl st :m
applied 1round the patent s hed for obtuning 2 reliible shull fix wion (BLR(;STICr
& Grrirz 1976 LinsriLctcoll 1976 LEWANDIR et coll 1978 b) An LMI Mark
scinner was used v ith the 0 8 cm collimator in 12 cises and the I3 cm one m};
cases In 2 cases 1dditional scctions 1n the target phine were performed with 1 0

one Y
ralyss o
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Fie 1 Glioma of cospus callosum Positioning difficultes
< (alt’ with ROI 1n correspoading pails conmisuog of 9 pisels by and
100 great stansucal {lu-tuatans {c) Centre of targes 2 had 0 be moved 3 p
pueels to the nght 1n order not to include region of low atfenuation (accrosis)

of ROV Bapsy target ponts indicated
ROI of suflicrent siz¢ to avord
wxels posteriorly and 3

cm colltmator Contrast medium enhancement was achieved by an intravenous
bolus mpecnon (§ mi Isopaque Cerebralfkg body weight) folloned by a dnp
1aluston of the same medium durning 13 to 50 mun (0 02 mi/min/kg body we ght)
This procedure yields an almost constant ‘blood concentration dunng the examina
o (Bregstrav personal commumeation) The CT section of the central part of
the tumour was Selected so as to obtan samples from both enhanced and un
enhanced patts of the tumour and in addiion from the peripheral zone of low attenva
tion Using ths methed 1t was possible to obtain up to 5 separate samples from
one tumour praducing only one msertion track 1 one and the same CT slice This
section was scannied 2 to 3 times during the contrast medium 1nfusion and the
time elapsed after the bolus mjectson was recorded Wnh gmdance of the CT moge
regions of smterest (ROI) were outhined hawing their centre in the bopsy target

pomnt and with a shape that fitted best to the structure to be examined
The regions of mterest were made as Yarge as possibl and stll within the atea of
uissue with & CT appearance identical to that of the biopsv target pownt (Fig 1) In
9 cases he centre of the ROJ was moved from the tasget point up 1o 5 pracls—withia
the same structure 1n the CT 1mage—to obtamn a larger arex A camputers program
designed by BERGSTROM & SUNDMAN (1978) was vsed for cakeulating the mean
atteauation coefficient and the standard deviahion of a gnen segton—elitptic or
r;;?:f‘;l;;‘ ;:\}: :l:; ]oon:)y;t?'l’::nc\;a::: z‘\:mmquxred Thus program could be ntroduced
regions tn each image (LE\\'AL}.D[R et t.‘oHe :;;l;cmc oren wnih sevetal overlapping
attenuation unis (u-) from water lev 9 Th onginal EMI scale of £ 500
el has been used thronghout
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Fig 2 CTamage of a centra astrocytoma of
grade 11 with anterior biopsy target tndicated
)

il
The enhancement charactenstics for cach biopsy have been deseribed 3s b

functions of time
hat
Diopsy tcehmque In 12 patients the same bropsy techmque wis apphed as ¢

reported previously (BolTinus ct coll, LLWANDLR ¢t coll 1978b) In 2 piti “":
new spiral needle extending 50 mm mto the tumour was used The technigue “m'
adopted n order to make possible 1n exact point to point comparison b l\mnlﬂ
mucroscopic appear ince of the biopsy specimen and the corresponding CTma
{(Figs 2 3)

Results and Discusston

Normal bram tissue The enhancement response in apparently normal bratt
tissue tfter intravenous bolus injectton followed by drip infusion of contrast medxur:
1s presented 1n Fig 4 The curve 1s drawn on time interpolations from mcasuremﬂ:’r-
m 9 patients The metn attenuaton value before contrast medium n:lm:msn'alxd
was 177 u SD=15 SE=05 The mean enhancement was 08 u and \:mt&
within a range of 0 7 u Since the enhancement of blood 1s about 13 u (B[RGSTR‘/N ¢
Ericsov 1979) this would correspond to a blood volume of 6 per cent (0 8 » 100 I3h
6°,) The cnterton of normality m these c1ses was the appearance at CT T]t
ROI was chosen m the hemisphere not mvolved by the leston Such apparenty
normal regons of the brain cannot be regarded as normal 1n 7 strict sense St
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Fig 3 a) Biopsy sample obtained with  spiral needle extendmg 50 Tm into Yumowr b) prepara
tions trom corresponding parts of Diopsy sample as ingicated with arrows Upp t 1ow  Amtenor
fumont border {normal braim tissue 10 the night) Middl zow Nectows Lower fow Astrocytoma
grade 11

mass effects and altered airculation might mfluence the tssues at a considerable
distance from the lesson The ROI was poutioned to include both grey and white
matler since reliable separavion i the images was not possible The results confirm
previously pushshed data (LEwANDER ¢t coll 1978a BerGsTROM & ERICSO 4}
Carrections foe scan fevel (LEWANDER et coll 1978 ) fiave not been p formed
since Vs matenial 15 not 10 b considered normat in a sai nufic sens= and b caus

the plastic helmet might bave 2 faunt fluence on the attenuation valyes

Edema The ent t response of ed
curve fey ftme Interpol: from

tissue appears i Fig 4 The

1n 5 pateats The mean
atte nuation value before contrast meditm adrumstraton was 151 4 SD=31
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g 4 Enlmmcmcmbrcsnonsc af

apparently  normal bran  tissue ancement
(thich columns) and edemn (thea Enhancem
columns) after intravenous bolus tn 2

Jectiont followed by drip infusion of

contrast mechium  Measurements I

from 9 and $ pteents Tespectively [ S
interpolted in tme and normalizéd 0 0 L 29
to zero (I= 1 SE) Mean attenua i 0
tron value before contrast medum L)
admmistration 177 u (SD~15) 2

and IS1u(SD 31y nspectively

SE=14 mnd the enhancement v wed within 1 ringe of 17 u The curve and t%
mean attenuation value before admmistrition of contrist medium both diferd
from those reported previously (LEWANDER et coll 1978 a) Thus discrepancy m ¢
results should reflect the influence of statisticn) vant wtions and the Tact that the str
referred to (LLWANDER ct coll 1978 %) consisted of only 3 cases of astrocytomd
mixed up with 2 cpendymomns, 1 bscess 1 haematoma and § met istasis The it
part of the group had Iughly varying degree of edema In addition 1 one PJ“':1
the ttenution value recorded before conteast dmunmstration was unustally b
probably bung the result of movement artifacts The enhancement vatu s Wt
negatnne which distort the mean values 1n Fig 4 Therefore, no certan conclusions
have been drawn concerming the enhancement of the cdematous tissuc i ths g8
of patients

Astrocytoma grade 11 to 1V This group compnised 11 astrocytomas Bmi’:j
and ROI from 2 diffcrent pts of the rim were examuned 1n 2 tumours with m’”
enhiinced rims In one tumour with 2 enhanced foc bropsies nd ROI from tm
focus were examined as well (Fig 5) The enhincement response of thcsu;;m
wpears in Fig 6 It would be cxpected that the curves from virtually o
components in the CT 1mge should be essentiilly the sime Howeer, the L:; o
ment differs withm 1 ringe of 1 3 umn the beginning and up 1o 27 u at the en "
cxummation This could be due to brologic/phystenl or technical rersons Espee o
n tumour ftissue the cell density, vasculnty wind edema can vary camldcr;m
The microscopic ippe trinces ol the specintens of these ¢ 1ses hve ﬂmn:ksrcmh
checked with regird to differcnces concerning these properties No reltable cold o
tron between the frctors mentroned nd the appearinces of the curves coul e
established The stitistical varistions of the measurements might exptun the \\duCE
difference 1n enh incement response of these ¢ises since rindom nowe will lmrohds
an snaccuricy m the single determmation within the ringe of about 1 u Arlluw
such as movements of the skull and partitl volume effcets can be of the S]m
magnitude For these rersons the men vajue of the curves in these 3 cases e
been used when presenting the enhincement respanse of the 11 astrocytomas £
11T to 1V 1 the maternl (Fig 7)
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Fig 5 3 cases (2 7 13) where 2 biopstes and 2 ROI from different parts of the same tumour

2) b) Antenor 2nd
t have been examined a) Anterior and postenior pan of nm {Case
;‘::l‘e‘rongernpar:‘:( m (Case ) ©) Antertor and posterior part of 2 tumour foc (Case 13)

A constderable vanation both 1n the immediate and tn the dynamic charactenstics
of ent 1s found An t curve drawn as in Fig 4 from measure
ments of the 7 patients in this group d bef rast medium
appears 10 Fig % Imtial mean enhancement response was 91 u with a slow
decrease within a range of 3 5 u duning 45 min The mean attenuation value before
contrast medium admimstration was 164 u SD=20 SE=08 (The slope of the
curve 15 discussed 1n the General discussion)

In 4 cases of this group of astrocytoma areas of low attenuation but nevertheless
with viable tumour cells were found (Fig 9 3 6 8 13) These areas generally had
no or only subtle enhancement and had a mean attenuation value of 16 8 u before
contrast medium admimstration not differing from that of normal bran tissue
However n one case (No 3) the attenuation values were high and exceeded 25 u
probably due to a partal volume effect and a slight patient movement (Fig 10) The
enhancement 1n 4 cases of tumour necrosss are shownin Fig 9 1 2 9 14 They form
a Tather group with no f ) and varying within the
range of 4 u with a mean attenuation value of 115 u before contrast medium

admmstration The attenuation values exceed that of cyst Liqued (Frz 9 7) but the
matenial 1s too small to allow rehable conclusions

Astrocytoma grade I 1o IT The enhancement 1n 3 astrocytomas of this type 15 pres
ented 1n Fiz 11 No or only a faint response after contrast medium admimistration
occurred Measurements from the same patients mterpolated m time and normalzed
10 zero are

gnen 1n Fig 8 The mean attentation value before administration of
contrast medium was 157 SD=38% SE=22 During 45 mun an unspecific variation
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Attenuation Attenuation

3

Fig 6 Enhancement response ;’
in high attenvaung part of 3 !

%%
astrocytomas of grade 11 after ﬁf
contrast medium bolus injeetron 2 2

follawed by infusion Values be ’ 3 u
fore contrast administration re //>./<13 7 20 “|
presented by honizontal line 2 20 S A
bropstes from different parts of —

the syme tumour component / /
have been taken (¢f Fig 3) /

Thieh hine represents antenor

and thin hne posterior part of

the same tumour

Fig 7 Enhancement response
in high attenuating parts of 11
astrocytomas of grade HI to 1V
tlustrited as n Fig 6

v
o 3’0 60 o 30
min

Fig 6 Fig ?

M
within the range of less thin 1 u occurred This findmg confirms previous rsvt
(TCHANG et coll  BUTLER et coll 1978 LEWANDIR et coll 19782 b)

Guncral discussion

Exammation tcchmgue The main practical problems met with in sequenlul(;l;
are patient movement and difficulties 1n obtaining reproducible Tepeat sn‘:1S
(HATAM et coll LIWANDER et coll 1978a) In this series 1 plastic helmet -
apphied on all patients in order to reduce movement thercby allowine rlt:as
examunations and stereotactic procedures It s true that 1 helmet would not 4
effective as screws otherwise used mn most stereotactic techntques Thts “‘“:H
partcularly apply with a flat occiput 2 straight transition from the frontal l(o w
nasal bone and an unusually movable sealp Also with a helmet mo\emen;\
to 2 mm 1n the tomographic plane nd up to 3 mm perpendicular to the plane iaoﬂ
been recorded (BerGSTROM) (Fig 10) Another disadvantage 1s the d|scov:1,0rt
caused by the helmet Thermoplast invanably shrinks when 1t hardens and thcdfrmn
may give nise to pressure symptoms such s headiche and vormting Screws o
mto the calvarium should provide for a better fixation of the head However .
method should render repeat examuations difficult Artifacts from the screws mt(rs
CT image may mvohe difficulties m evaluating the images The Jast two facto
turnerd the weight of balance 1n favour of the helmet

CT inage Errors that can be referred to the CT image or to the :mnsformnm;
of coordmnates from the CT image to the operation device have been discusst
previously (LEWANDER et coll 1978 b)
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Enhancement

12

Fig 8 Enhancement responsc 1 7

astrocytomas of grade 1T to [V (thick

\ columns) and 3 astrocytomas of grade
1 (thin cotumns) after contrast medium
€ 1 administration  Measurements  ter
polated 1 time and normalized to zero

(I=+1 SE) Mean atienuation value

before contrast medium adnunistration

\_7{ 3 1 164u(SD-20and 15Tu(SD-38)
o b4 T T T
5 ' 25 as

respectinely

min

Local ation of ROI In the first attempt to evaluate the dynamic charactensitcs
of the different components of the tumours small ROI (% puxels) were made with
the centre 1n each target point However using a region consisting of only 9 pixels
great statistcal fluctuattons are to be expected and 1n fact the standard deviations
were higher than could be accepted In addition small ROI are relatively sensitinve to
even munor patient movements (1-3 mm) which applies parucularly to those regions
Iying near a tissue with quite a different attenuation number (Fig 10) Finally
with small ROT many of the targets were placed m what was predicted and found
to be borders between two different p Due to these disad the
whole matenal was revised and larger ROY were outhned (Fig 1) The attempt
has been to make them as large as possible and stil within an area having the same
appearance at CT as that of the biopsy target pont The target point mvanably was
contamed within the ROI although 1t often had an eccentric location due to the wish
to obtawn representative tissue samples from the specimens of one uingl~ biopsy
track The shift of the ROI out of the centre of the target point usually amounted
to ] to 2 preels m one exceptional case the shift was 5 pixels Targets that were
located at the border between different tissues were omitted

Biopsy techmique A new

was d t ly A spiral needle
was designed to enable 50 mm long specimens of the tumour tissue to be obtamed

The mntention was to analyse the mode of growth of glomas and to make  detatled
comparison between the microscopic appearances of the tumour and the cor
responding CT smage The attempts were not successful m that sp cimens of the
surgested length could not be obtained The reasons are probably the following
Mechanical compresston of the tumour tissue at the biopsy necrosss or fluid present

m the centre of the tumour makes the spiral not moving properly nto the lesion
during the screwing p and shrink of the

scopic preparation

]

1

.

bl

dunag the micso-

Y

Al three factors cause a shortenmg of the specimen rendering 1t difficult to make
3 pont to point companson The needle was wsed 1n only 2 cases in this group
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Attenuvation

30
-———’/3
20 ——8
’>—-<613
9

Tig 9 [ nhancoment Tesponse of 1 ¢ystic component R ]
(7) regions of necrosss (29 14) nd repsons of
low attcnuaton (3 6 § 13) 1 4 astrocytomas of

ende NI 1o IV (ef Toy 7y
A ey it
60

Q 30 i

d
Stmples of 35 wnd 35 mm m length were obtuned The method ws 1b1nd““;
il the remaunder of the cases Al were cxammed with the oricanl technigue v
mulaple 10 mm long samples of tisue

The mnfluence of ster owds on contrast mecwm cnthancencnt Sterords seem m.ﬂranr“
permebihty of brun tissue el membrines by providing 4 protectne c"cd‘;(
the blood brun barner (LASTIR et coll 197%) These 1wuthors found tht the um )
cnhincement appering ter contrist medium wWdnunstration m ey stines 0“‘“
mtricerebril hiematoma could be modified with sterowds Divoroutys ot 6
(1973) were of the opinton that the protective effeet ¢ be relied to mtere thatef
af steratds nto the archways ereted by the Mty aerd tubs of membrine phospher
Iipids This ws climelly demonstrated by Croc RIR ¢t coll {1976) who npor(cd 0:
the effect of dexametinsone on the ecumulition of meglunune othihimike 3
MTc™ pertechnetite 1 bran tumours on both CT g nuchide brim scins

In the present serics Al patients but 2 were ginen different types of sterords The
[tter cases were astrocytoms of gride 11 (Fie g 5 12) and only shiLht or #0
enhineement it all occurred Thus all cases with enhinemy tumours hive it
treated with sterowds ind should be regirded essentially equnl from tlus pont of

view
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Fig 10 Astrocytoma of grade 111 a) Belore b) during admimi
steatton of contrast medium at 3 mmn c)at 0 men d) at .8 min
Even small movements mfluence on the enhancement response
curves (ROD tn centre of tumour Jast measurement ¢f Iig
9N

Blood bram barrier break donwn Previously (LEWANDER et coll 1978a) a three
compartment model was introduced to explain the mode of enhancement 1n intra
cramal lesions after contrast medium wjection: Such a model will serve more as a
means of charactertang the mode of enh. by a few than to
explamn the underlying mechamsms The model includes one vascular compartment
and two extravascular compartments one to which the contrast medium passes
raptdly and one to which the passape 15 stow The morphologic correlates to the
postulited extravascalar compartments may be assumed to range from extracellular
of CSt spaces to different cell populations within vanous lesions nira or extra
cerebral but no conclusions as to thetr nature are warranted from the present results

Ttus small matenal daes not allow an analysis of the mode of enhancement using
a mathematical formulation of the compartment model Hawesver some smphea
vions of the model may be discussed A technique with a combined bolus and 1fusion
administration of contrast medium results 10 a high nitial 1odine concentration
the blood followed by a rapid devrease to a constant leyel {BERGSTROM) The bugh
mnal blood values may have affected the attenuation values obtamed at the figst
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30 4
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Nz 9 Lnhancement response of 1 cysti. component -
() regions of necrosis (12 9 14) and regions of
low attenuation (3 6 8 13) in 4 astrocytomas of
grde M to IV ef Ty, 7) _
0 30 60

min

Sumples of 35 and 25 mm i length were obtained The method was bandond

n
and the remunder of the cises Wl were exanuned with the ongmal technique gnt
multiple 10 mm long samples of tissue

The mfluence of steroids on contrast meduan enhancancnt Steroids seem (o af{ullh:
permeability of brun tissue cellulir ntembranes by providing 1 protective effuct o(
the blood bram barrier (LASTIR ot coll 1978) These authors found thit the nm ﬂ"
enhancement appering fter contrast medim dnunistrition in early stages 0“[
mtricerebral haemitoma could be modifred with steroids DrsorouLus et €@
(1973) were of the opinion that the protective effect cin be related to mlcrmlal’m"
of steroids mto the trchways creited by the fitty acd tuis of membrine phosphe
Itprds This was climenlly demonstrated by CROCAIR et coll (1976) who reported og
the effect of dexamethisone on the accumulation of meglunune rothahmite an
9Tc™ pertechnet ite un brun tumours on both CT nd nuchde brun scins The

In the present serics il patients but 2 were given different types of sterotds
Intter cases were astrocytomas of grade I (Tip. 11 % 12) and only shght of no
enhincement 1t AN occurred Thus all cases with enhancing tumours hive been

treated with sterords and should be regarded essentially cqual from this pomt of

view
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contribute much o the enhancement Astrocytomas of grade 1 to {Lhave 2 minimum
enhancement (mean value 07 v} with no significant merease during the examina
won This means that the combined effect of the vascular and the fast compart
ments 1s 1o the order of § per ¢ ot (07 £ 100/13=35° <l Fig 8) The contrbution
from the slow extravascutas compartment seem ko to be small during the rather
short examinanon ume M asurements made duting extended examinations may
reveal enhancement 1 which the mfluence from the slow extravascular compariment
will be evident [n conclusion 1t seems to be possible to differenttate astrocytomas
of grade € to 1 from the much more mahignant fessons of grade 11 1o 1V by means
of enhamement

Much interest 1s today centered around the differential deagnosss of ghomas
versw brain infarcions The dynamc enhancement charactenstics of the latter
tesiors on CT following the sam= type of contrast mediwm admimsiration 35 11 the
present series have been reported by BERGsTROW & Emicson The charactertsiics
were analysed on the basis of a compartment model They found that factors like
alterations 1n regional blood volume and contrast medium 1n the extravasculae space
affect d (ferent parts of the infarct fo a varying degree A rapid and a slo ¥ component
of the could be fied and st wa sugg that both of them should
mawly be due to extravascutar contrast medwm Stnce the dynamic enhancem=nt
n hueh attenuating pants of infarctions s quute different from that of gliomas a new
way to a more reliable diagnosis seems 10 be opened

SUMMARY
has been t

Dynam eph ot t ted with CT folfowng mfuston
of contrast medwm The areas of with obtained

Biopsies The resalting types of enhancement are discussed in terms of a 3-compartment
model Great differences eust in the deyree of ephancement of astrocytomas of grade 1 to 11

4nd those of grade [T to IV In the latter tumours a & ppea oL
byhamic response a
dounetly diferent from that 1n infarctions i e g

ZUSAMMENFASSUNG
D ¢ he Kontrast von A W
urde mit H
tomographte 1m Anschiuss an et lofusion wan ¥, e g’:’ec“)mpu o
£ebeete enusprarhen denen wo die stereotaktischen Bl

opsien genommen wurden Die erhal
tenen Typen von Verstarkung werden 1n Termen eries 3 k. :
o
Grosse Lntersciede im Grad der Kont X yorrp“ ;;at:(ment ModeGlI:‘i;s;(ubuer‘t
l;n: solchen von Grad I bis 1y wurden gefunden Bes den Jetzteren Tumoren schien :n:
yoamische Antwort avlzutreten die stch kiar von derjenigen be Infarzierung unterscheidet

RESUME

Le renfoccement dyami
que de la densité des astr
fometnie aprés myection de moyen de cox e e studie e o tomod 1se

ntraste Les regrons on Lt densite 2 ete mesuree ont
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Attenuation

30 +

20

10 4
Fig 1! Enhancenknt response of 3 astrocytomns of
grade I to It tllustrated as 0 Fig 6 _—
o 30 60
min

measurement of the high enhancement regions of strocytomas of grade 1l to I
(Fig 8) These facts will explamn the subsequent descent of the enhancement cur ¢
It 1s suggested that the following parts of the curve are at 1 constant level takine the
standard crrors of determmation nto consideration The attenuation values present at
45 mun refer to 2 cases only why the statistical maccuracy 1s furly large this
phase of the examunation Obviously the slow extrvasculir compartment plays an
msignificant role for the hgh enhancing components of astrocytomas Il to B
during the chosen time of extmmation simce 1 slow increase of the enhancement
would otherwise have been recorded Thus the charcteristics of the enhancement
curve (Fig 8) seem to reficct the vascular and the fast extr ivascular compartments
only Since the enhancement of blood foilowing the same mode of contrast medim
administration s in the present series 1s about 13 u (BLRGSTROM & ERICSON) 3

the mean enhincement of the astrocytomas of grade 111 to 1V 1s appmummﬂy Tu
the vasculanity of the lesion would have to be 50 to 60 per cent (7 % 100/13 54%
of Fig 8) had the extravascular compartment been the only factor of signifrcanc®
However this ts most unlikely not least 1n view of the microscopic appearanc of
the tumours Consequently the fast extrnaseular compartment should be considered
to be the most important fictor The suggested mechamism 1s that the substances
passing the iyured barrier may result in an mcreased rodine concentration 10 the
extraviscular space The stze of this compartment need not be very large but stit
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ARTERIAL STRUCTURES OF THE CHEST AND
ABDOMEN AT COMPUTER TOMOGRAPHY

A KotsrnstvidT F Kowwannskog and T AAKHUS

A thorough knowledge of the anatomy of transverse sections of the body 15 a

prereq for correct eval of by p hy Artenal
and venous structures appear in every section They are often easily recognis=d but
b 1 or fies may cause difficulties 1n the analysis of the images A

description of venous structures it transverse sections was given previously {kor
BENSTVEDT et coll 1979) The purpose of the present report 15 to describe the ap-
pearances of normal and abnormal artenal structures 2s demonstrated at computer
tomography of the thoracic and abdominal regions

A Delta Scan 50 FS with a scan time of 18 s was employed Further details about
techmque and m thod were given previously (KOLRENSTVEDT et coll ) The flustra
trons of the pres nt report are s lected from a total of 1440 examunations of the

abdomen and 370 of the chest p rformed during the period from September 1977
to Novemb r 1978

Arteries of the chest

Caletfied aortsc salses may be sdentdied 1n sections through the heart (hrrre 1977y
in the present series artfacts due to cardiac movements caused impaired 1mage
quality 1n sections with valvular caleifications The aottic arch (Fig 1) appeared as a
curved structure runming to the $=f1 of 1he trachea and the oesophagus from the right
antenof aspect of the mediastinum to the left postenof one The convey margin faced
forwards and 1owards the left A case with aneurysmat dilatation of the aorue archis
Wlustrated 1n Fig 2

Subutted for publication 26 January 1979

AsmRal 1g aDop sy QU979 Face 5 703
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correspondu avec des biopsies stéréotaxiques Les types de reaforcement do duneve so t
¢étudiés par un modéle tricompartimental 1t y a des grandes différences dans e degré dat
ténuation des astrocytomes de grade [ a I ot de grade HTA 1V Dans ces derniéres tumeurs
1l parut y avorr unc reponse dynimique qui est nettement différente de celle qu on trowe
dans les rimollissements
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ARTERIAL STRUCTURES OF THE CHEST AND ABDOMEN

Fig 4 Section shghtly below the tracheat bs
furcation A = Ascending and D = Descendiog
aoria Main pulmonary zrtery (P) to the kel of
the ascending aonta the night pulmonary artery
curves behind st

Fig 5§ Patent with a nght sided aorta Aoftic
arch crossing postertorly to the mght of the
trachea

Fig 6 Abdomunal aorta #s indrstingushable due
to wmliltraton of penacttic fat by metastases
from testicular neoplasm

tme (Figs 9 11 14) In patients with neaplastic ynvolvement of the retrocrural Jymph

nodes the persaortic fat space could be obliterated and the aorta indistingwishable
unless caleified or enhanced by contrast medium

Arteries of the abdomen

The aorta ap asap round prevertebral structure m
every section above the bifurcation The 1hac arteries were Iess readily distingmishable
due to 3 more tortuous course and surrounding veins and lymph nodes of equal size

The aorta was normally surfounded by fat n the retropenitoneal space In patho-
logic conditians the peniaortic fat could be infilirated (Fig 6) and the contour of the
aorta therefore invisible Penaortic h

toll

g surgery or cath
and aneyrysmal dilatation of the aorta were eanly detected In sections examed
4¢ 795833
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Fig 1| Normal curved appearance of aortic
arch (A) C = Supcrior vena cava

Fig 2 Sectton through aortic arch jn patient
with ancurysmal dilatation of thoracic aorta
Tig 3 Left subclavian artery (arrow) bulges
nto apex of Icft lung

Fig 3

The left subclavian artery appeared as a medistinal prommence bulgng mto b
apex of the left lung (Fig 3) GOLDWIN et coll (1977) reported the left subclavi
artery to be visible 1n 88 per cent of 68 patients In the present series the ascendit
and descending aorta (Fig 4) were visible 1n the right antenior and the Jeft posterllﬁ
part of the mediastinum respectively An anomalous nght aorta with the aor!
arch passing to the right of the trachea 1s llustrated n Fig 5 y

The main pulmonary artery appeared to the left of the ascending 101t {Fig X
The right pulmonary artery (Fig 4) curved behind the ascending aortd and |t
superior vena cava n front of the maun right bronchus Due to 1its longer hortzon
part the night pulmonary artery was easier to recognize than the left GoLow!
et coll reported the distance between the right main bronchus and the supertof ¥
cava to be a farrly accurate estimate of the diameter of the right pulmonary ar?
and possibly useful 1n evaluating pulmonary artenial hypertenston

Sections through the thoracolumbar junction clearly demonstrated the a0
between the diaphrigmatic crurd prevertebrally more or less to the left of the m
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Plad

a

with
4 ¥ig 9 Section through {horacolumbar junction 2) Image wth hugh window level Venebia

e with 3 smooth margta b) Same section
tro asicorhytes farbed) e aeabht ofresponds exaatly 10 the o0 thy

st lower windaw tevel The groove between the Dsteophyies ¢

Fig 10 Scctson through the bver Hepatiy antesy atraws)
Fig 11 Sectron through the spleen Tortuous splenic artesy (arrow)

atter wtravenons myection of contrast medium an accurate estimate could be made
of the mner and outes diameter The thickness and locatton of a wall thrombus was
clearly d d (Fig 7) The da) extension of the ancurysm was best
revealed at aortography but this method gave no delimite tnformation about 1ts real
drameter unless the wall was caloilied or adyacent siructures displaced

In one patient a narrow structure no wider than the SUDETOT Mesentent astery

i 2o e
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2 b

Fig 7 Scction through r neys in a paticnt with ancurys!
Lh the lower pole of the kid of abdo o
a) Before b) after intraveno mI m l CSZICIO Cl u e
. ¢ nous injection of contrast medim The size of th

men (L) and the thek

-

Fig 8 1) Section through the kidneys 1n a
13 year old girt with abdommal pain Aorta
(—*) narrow not wider than supertor mes
enteric artery (+*) b) Aortography confirms
that tortic stenosis 1s present above and below
the level of the renal arteries
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Fig 16 Fg 17
Fig 16 Section through the left renal artery (arrow) The left renal vein crosses the rudline in front
of the aorta

Fig 17 Sechion through the ngoinal regons Calafied femaral artenies {arrows) The femoral veins
visible medial fo the arterics

Fig 18 Sections through the ingumal regions Large left sided pseudoaneurysm ansing from the
femoral artery a) Upper part of the pseudoaneurysm (A) Right femoral astery {arrow) with the
medually located vein the same structures on the left side are indistinguishable due to the pathologic
condition by More caudal section The pseudoaneurysm (A) simulates an ingunal mass The sper
matie cords (arrows) run nearer the midhine than the wider femoral arteries

(Culver & PIRsON 1956) SHAPIRO & BATT (1960) described one case with a right
descending aorta and osteophytes fimited to the feft side They suggested the unifateral
absence of osteophytes to be due to aortic pulsations GOLDBERG & CARTER (1978)
d at the absence of thoracic osteophytosis n the

region adjacent to the aorta They came to the conclusion that aortic pulsation pre
vented osteophyte formation

The hepatic artery appears 1n Fig 10 but was not demonstrated 1n afl patients
The splenic artery was less frequently distinguished than the splenic ven because of
?  1ts greater tortuosity The artery could be identified when its curves lay within the
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Fig 12 Fig 13

Fig 12 Calidranons of the splenic artery (arrow) may simulate those of a chronic pancreatits
Fig 13 Fatty lner and chronic pancreatitis with caleifications of the pancreas (arrow)

Fig 14 Fig 15

b
Fig 14 Supertor mesenteric artery {arrow) surrounded by retropancreatic fat serves as a Tandrr
to the pancreas (P) which curves in front of it across the mdline

e
Fig 15 Section through the third hornizontal part of duoedenum (D) which crosses the dhy
behind the superior mesenteric artery (large arrow) and vein (smaft arrow)

was observed at the site of the aorta (Fig 8 a) Angiography (Fig 8 b) confrrmed the
presence of a stenosts at the level of the renal artertes ind sn addition s!cnos!sod
both subclavian arteries The combined radiologic and climical findings indicate
arternitis o
In pauents with degenerative lesions of the spme osteophytes could be obser
on both sides of the 1orta_but not immeduately adjacent to 1t (Fig 9) A predomnance
of right sided hypertrophic thoracic spurting 1s known from conventional (s
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ARTERIAL STRUCTURES OF THE CHi

Fig 16 Fig 17

Fig 16 Section through the left renal artery (arrow) Thelelt fenal vem crosses the midline 1 {ront
of the aorta

Fig 17 Section through the 1ngusnal regions Calcttied femoral arteries (arrows) The femoral semns
vistble medial o the arterics

Fig 18 Sections through the sngumal regions Large left sided pseud:
oan
ichora ey 2 Upger pr of th peudosncuysm (8 ROkt emeral aceny (orion) watthe
i :n émzno?l;’ vert the same structures on the left side are indistmgwshable due to the alhI k ot
3 More caudal section. The pseudoaneurysm (A) smulafes an mgwnal mass The sy
O avroms o Tonset the midime thun he wides feumamal ancpeq 1721 mass The spet

(Culver & PlRsoN 1956) SHAPIRO & BatT (196
0) described one
descending aorta and osteophytes limited to the left side They surIg::::: :;:e“:mala:‘ gh;
era

absence of osteophytes to be due to aortic pulsations GoLpa TE
ic pul
3! ERG & CARTER (1978)

phy the absence of thoracic osteo ytosis 1n
b h ph, the
region adjacent to the aorta They came to the conclusion that aortic pulsation pre

The hepatic artery appears 1n 0 o p:
ars 1 Fig 10 but w d
e but was not demonstrat
T“s g::;a :::Claﬂ.tfys :was less frequently distineurshed than the sp]cmcc vmnagcc: "fﬂols
uosl!
ortuosity The artery could be identifred when 1ts curves ;::y W !h"“hf
withtn the
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g 12 Fig 13

Frg 12 Caiaifications of the spluruc artery (arrow) may stmulate those of a chronx, pancreatis
Fig 13 Tatty Iner and chronic pancreatitts with caleifications of the pancreas (arrow)

Fig 14 Fig 15

ask
F1g 14 Superior mesentersc artery (arrow) surrounded by retropancreatic fat scrves asa fandm
to the pancreas (P) which curves in front of it across the mydline

Fig 15 Sectton through the third horizontal part of duodenum (D) which crosses the dhe”
behind the superior mesenteric artery (large arrow) and vein (small arrow)

was observed 1t the sitc of the aorta (Fig 8 a) Angiography (Fig 8 b) confirmed th¢
presence of a stenosis 2t the level of the renal artenies and 1 1ddition stenoses
both subclavin arteries The combined radiologic and climieni findings sndicated
artenitis s
In patients with degenerative lestons of the spine osteophvies couyld be obserse
on both stdes of the aorta but not immedi itely adjacent to it {(Fig 9) A predominan®
of right sided hypertrophic thoracic spurring 15 known from conventional s
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RESUME

Des coupes transversalles montrant les normales et ont
&€ selectionnees sur un total de 1 810 examens tomodensitometniques du thorax et de 1 ab-
+ domen Les auteurs 1importance de ces.
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plane of the section (Fig 11) If the splenic artery was caleified (Fig 12) the calofia
tions sometimes stmulated those of the pancreas in chronic pancreatitis (Fie 1)
1f doubt existed as to the nature of the calcifications a conyentional film was asa
rule sufficient to differcntiate between the two condittons

Of all the mun branches of the 10rta the superior mesenteric artery was th most
easy to identify It was surrounded by the retropancreatic fat and the pancress
charactersstically curved mn front of it (Fig 14) along with the splemc ven Ths
reltionship was so constant that the artery could serve as a guide to the pancress
The hortzontal third part of the duodenum also curved across the midline 1 front
of the aorta in a Fishron simular to tht of the pincrens However u contrast tothe
pancreas the duodenum passed behind the superior mesenterc artery and s
(Fig 15) 15 also described by Staneey ct coll (1977) The duodenum the left rendl
vein and occastonally the uncinate process of the pancreas werc the only identiiable
structures between the aorta and the superior mesenteric artery

The renal artertes (Fig 16) were less [requently identified than the renal veirs I
the orign of the arteries was visible, this could contribute to a determinatton of I
carrect projection at nephrongiography m patients with suggested renalarterystenoss

The femoral arteries were wdentified 1n the inguinal regions {Figs 17 18) ymee
diately lateral and shghtly antertor to the veins The spermatic cords could simulatt
the {emoral asteries but they were smaller and situated more medially (Fig 19 1
one casc (Fig 18) a pseudoincurysm of the femoral artery appeared as fre
inguinal mass which made identification of the femoral artery and ven impossible

Comments The ymportance of non mvasive methods such as computer rom:
graphy 1s rapidly mcreasing m chmical radiology Angtography remams the mio%
exact method 1n the evaluation of vascular lestons, but much information 15 obtamE:
1t computer tomography Arterial aneurysms pseudoancurysms nd aortic sxcnm‘
can be sdentificd Disappearance of the normal sharp outhne of the aortd l\“;‘
1ndicate neoplastic nfiltration of the periaortic fat The superior mesenteric ar m
serves as 1 useful gutde to the pancreas and the horizontal third part of the duodem:“
A knowledge of the anatomy of trinsverse sections, including the vascuiar it R
1s necessary for the correct analysis of the images

SUMMARY

Cross sections illustrating normal and abnormal arterial structures were sefected f\'?‘:‘“‘
total of 1810 CT examunations of the chest and the abdomen The radiologe Impor
of these structures 15 pointed out

ZUSAMMENFASSUNG

logische arterelle Struktyren iljustrreren wurds
hmtte die normale und patho "
 seesan 1810CT U t des Brustkorbes und des Abdomens ausgewahll
logische Bedeutung dreser Strukturen wird hervorgehoben

von
Dte rontgenol
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MAMMARY HAMARTOMAS

a

Fig 1 Case | a) Circumscribed tumor of high attenuation, separated from the normal pasenchyma
by a zone of less attenvation b) Penetrated film and a shghtly altered projection The mternal
structure 1 normal

Mammary radiography revealed an oval well aircumscribed tumor of high attenuation
{Fig 1a) The tumor measured 11 cm 7 cm and occupred more than 50 per cent of the
tota) volume of the breast 1t was separated from the normal parenchyma by a zone of Jess
attenuation but no deftnite capsule was present The Jesion appeared mhomogeneous with
@ structure. normal {Fig 1) The rest of the parenchyma
was displaced towards the periphety and compressed Fane needie aspiration gave a few
drops of cell free Mluid and regular epithebal cells At operation the tumor was eastly
enucieated without bleeding The tumor was well ircumscribed lens shaped (Fig. 2) with
a drameter of 9 cm and werghing 140 ¢ Microscopy revealed mammary tissue ith ducts.
and iobules tFig 3) and interlobular Hibrosts with numerous capiliary vessels partly also
edema No recurrence was found one year postoperatively

Case 2 Age 58 One child Never treated with hormones At the age of 51 operated upon
because of a small tamor i the left breast Mtcroscopy revealed fibrous mammary tisste
Now admutted becanse of pain m the Jeft breast No tumor could be palpated
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MAMMARY HAMARTOMAS

I Anprrsson, J Hieptie F Linoit and U LIUNGQVIST

Circumseribed mammary lestons which are mycroscopically composed of normd
or dysplasic mammary tissue have been reported under different names sud&’;;
1soliertes  Brustdrusengewebe nut sekundaren Veranderungen (PRYM 19‘31
fibrondenolipom (SPALDING 1945) and postlactational breast tumor of a P“:l”h
type (HocrMAN & OsTotRG 1963 1968) The term hamartoma was proposes %
ARRIGONI et coll (1971) and seems today to be the most widely accepted

Only a few reports on this entity have appeared m the radiofogic Iite v
most af them under the nime of fibroadenolipoma It hts a charactenste r?q'”
graphic appearance and may be considered s 1 form of hamartoma (DURS .
DYRILBORG & STARKRLINT 1975) Recently 16 cases of mammary hamarwm:\d\ .
reported by HrssLer et coll (1978) Some of these cases apparently hadm
appearance differing from that which his been described as typical fibrod v
lipoma As a contubution to the hnowledge of the radiographic appearant
mammary hamartoma 5 cases are now described

ralint

Case reports
Cate 1 Age 42 No children One abortion at the age of 38 and since then obsenéd?

the
th hormones No pawn and no secretion from
the left breast Never treated wi

:?n':.ﬁ: The Jeft breast was sigmitcantly larger than the right one and a large rountet

soft lump was found on palpation

Submutted for publiation (6 November 1878

_Acta Radlogica Diagnosis 20 {1979) Fase 5
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Fig 4 Case 2 Large oval or
cumscnbed tumot  displacing
and compressing the normal
parenchyma

arcumseribed round tumor measuring 8 cm  § om wesghing 132 g was easily enucleated
¢ without bleeding Microscopreally regular ducts and lobules were found 1n an abuadant
snnective ussue with wstets of fatty hissue No recurrence one year postoperattvely

Case 3 Age 64 No chiddren Eleven years cartier the left breast was operated upon
ceause of a circumscriked tumor palpated on a screening exammation A local excistion
as made including a part of the tumor Microscopy revealed marked fibrosis

At mammary hy a tumor 12 ecm 9 cm with
UPYINY WRTRENRR, W TR, % 1 edrne salbidannns was damensiriet &oa O
A\ hamartoma was suggested On palpatton a rounded lens shaped tumar was found easily
rmacieated at operation rerealed a tumor of fibrotic almost hyalme

nissue occasional regular ducts and lobules but without adipose tissue No recurrence one
year postoperatively

Case 4 Age 26 One child 12 months old After ceasing a 6-month suckling period the
Panent had a condion Tesembiing mastitis mn the left breast Antbrotics had no effect
Alter drsappearance of the pain palpatton revealed a lens-shaped tumor 1n the subareolar

region of the breast The tumor had a dumeter of 3 em and appeared bemgn on clinrcal
£xamination
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Fig 2 Case! Grossappearance
of the exaised tumor which is
well circumseribed  and kens
shaped The cut surface 1n the
muddle 1s ghstening and cde
matous
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» h Well del d periphery to the right Dense fibrous SToe
\l-:v:lgh ir(ﬁ::f-y‘lobulcs and some shightly dilated ducts In the middle downwards cdemd Hu

- 40

Mammary radiography revealed an oval farrly well circumseribed tumor mf‘:i‘:‘:g'f
8 cm x 6 em (Fig 4) The normal parenchyma was displaced and compressed by |hc‘ o
which was inhamogeneous with a structure re g fibroad Retrosp Sin

td be observed on a film obtamed 3 years earlier Apparently 1t had not increas
:,(;:: At fine needle aspration no dragnostic material was obtained At operation & %
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-

b

Fig 6 a) Case 4 b) Case 5 Well rcumscribed oval tumor of high attenuation Zone of less
aftenuation and a structure resembling a caspsule around the tumor

Discusston
The described lesions have several characterstic features
(1) They were umlateral and some were very large (One of the lesions reported
by Hoceuan & OSTBERG (1968) weighed 1400 g)
(2) Radiographically they were rounded or oval and well circumsenibed Some
tumors had a high and homogeneous attenuation others a varying attenuatron

Peripherally a zone of less attenuation was present delimited by a structure
resembling a capsule

1) They were easily )] at The rads phrcally observed
zone of less attenuation probably represents the cleavage between the tumor and
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a

e COUX
Fig 5 Case 3 Large circumscribed tumor of relatively high attenuation contamng 2 |
calaifications a) Lateral b) cramo-caudal projection

100

Mammary radiography revealed an oval well circumseribed tumor of fugh a\‘:::: ;:"

measuring 3 cm 1n dameter (Fig 62) 1t was partly surrounded by a 2 mm " athoe

defined zone of less attenuation Tissuc with libroad was obta:; )

needle biopsy At operation the tumor was casily enucleated without bleeding r‘cncc A
revealed a well ciecumscribed tumor with normal ducts and lobules No recur!

year poslomrauvc]y

Cuse 5 Age 52 Two children Never treated with hormones No sympwm; {:1:“;:‘(2:
breasts A ry [ hy led an oval well mc3 gt
hugh attenuation distal to the mamilla (Fig 6 b) The tumor had a diameter o,d e
was partly surrounded by a 2 mm wide zone of less atteniuation This zone was de o
from the surraundings by a thin structure resembling a capsule  Chinieal examn e
revealed a lens shaped tumor with benign characteristics At fine needle aspiratto! it
2 few regulac epithelial cells and some macrophages were obtamed The fumor was ol
excised  Microscopy revealed a well circumscribed tumor composed of hyaline conf
tssue and regular ducts and lobules No recurrence postoperatively
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more or less inhomogeneous although clearly different from fibroadenolipomas
This was evident 1 the large hamartomas of Cases 1 to 3 and 1s probably of

;lmporlance for differentiaing hamartomas from large circumsenbed tumors such
as cystosarcoma phyliodes The form 1s ustally oval Hamartomas of this type are

.usually surrounded by 2 zone of less attenuation which may be wider than 1s
common with benign tumors such as cysts or fibroadenomas This zone may be
detimuted by a structure resembling 2 capsule which furtber differentiates hamar
tomas from other benign tumors

SUMMARY
Fuve cases of mammary hamartoma are descnibed with special reference to the radio-
graphic features ¥ are well bed lesions d of normal or

dysplastic mammary tissue They are probably more common than has been anticipated
from the lterature and are important tecause they may be confused with other well
circumseribed tumors such as cystosarcoma phyllodes The radiographic characterstics
of hamartoma allows a tentative diagnosts 1n most cases

ZUSAMMENFASSUNG

Funt Patienten mut einem Hamartom der Mamma werden unter besonderer Beruckst htr
gung des rontgenologischen Aussehens beschrieben Hal

martome sind gut abgeprenzte
die aus oder

Brustgewebe bestehen Ste sind
wahrschemlich gewohnlicher als von der Literatur her angenommen werden kann uad sind
bedeutungsvoll da sie mit anderen gut ab: Tumoren wie Cy phyllodes
verwechselt werden konnen Die Ch

der er
lauten eme Wahnschenlichkeitsdtagnose 1n den mersten Faflen

RESUME

Les auteurs decrivent en particulter au point de vue radiographique ctnq cas d hamar

tome mammayre Les hamartomes sont des lesions bien circonscrites composes de trssu
normal ou Ils sont

plus frequents qu 1l ne parait dans
Y liieranare €t sont iMponants car is peuvent etre confe

fondus avec d autres tumeurs bien
circonscrites telles que les cystosarcomes phyllodes Les caractéres radiographiques des

hamartomes permettent daas la plupast des cus d essayer d en faire le diagnostic
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the normal mammary tissue Hence if 1 capsule cxisted this was feft behnd
Alter removal of the tumor a normal amount of mammary tssue remamed
(4) Microscopically they were composed of normal or dysplastic mammi
tissuc with normal ducts and lobules Fibroadenosis was present in some cases Th
relative @mount of glndular and adipose tissue vaned Also microscopicallv
lesions were well delimited from the surrounding tissue although no capsul na
cvident
Although previously described by Prym the first adequate chinreat and patholon.
description was gnven by HoGeman & OstaEre (1968) They reported 3 cases which
they calied 1 postiactational breast tumor of a peculiar type  The occurrence of 1
lesions after 1actation may have been 2 comeidence OF the S present cases onh o
occurred after a lactational pertod and ARRIGONT et coll stated that the lestons mieht
appear independent of pregnancy or Inctation It 1s posstble thit these kstons o
more easily recogmized after lactatron because the myolution of the ssolated fands
of mammary tissue s slower than that of norml tssue
Recently HrssLir et coll reported 16 cases collected from a sertes of 10 000 paten
with radiography of the breasts They pointed out that mammary hamartons
probably are more common thin nticipated from the literature The present §
cases were dingnosed between 1976 and 1978 i the city of Mnrlmo which bas
about 240 000 inhabiants Two of the cases described by Hogmyan & Q78186
(1968) were dragnosed duning 1962 and 1963 and belong to the same PUP"““"]:
There 15 1 strong reason to beheve tint lestons of this type 7t least il sml
escape detection
The chnical findings were uncharacteristic in Cases 1 and 2 The lesio .
3 4 and 5 were firm on palpation freely movable and lens shped Thus shape
suggestive of himartoma
g'I‘li‘]e nucroscopic features were described by HoGLwan & OSTBIRG (1968) "’“‘j
will be described 1n further detul in 1 hrger senes (LineLe et colt 1979) It 31“’”[]\
only be emphastsed mn this connection that the lesions are microscopically cled
differentiated from fibroadenomas deperdh
According to HrssLrr et coll the radiographic appeirance of the lesions dep .
on the fat/parenchyma ratio The fat component was relatively shight in the p!;;m
cases Probably 1 gradual transition may be found (o lesions deseribed 356 [‘Iht
adenolipoma (DURSO DYRTBORG & STARKLINT MrnGrs & WURSTIR 1976) :
charactenistics of fibroadenolipoma and the lesions in the present report are essentid
the same the difference beng that the stroma of fibroadenohpomn 15 compos
1ssue
m:;r:y(:: r;:s),’stof previous reports and the present expertences it appears that
two main types of hummartomas can be distingwished radiographically ©
(1) Fibroadenolipom1s which have 1 chartctenistic mottled appearance due
the amount and distributton of fat A capsule is usually visible w
(2) Hamartomas with 1 more homogeneous attenuation These lesions may

ns 1n Caes

Iy
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TANTALUM LABELLING IN VIVO OF CARDIAC
VENTRICULAR CHAMBERS IN DOGS

A § Lievon H G Ringerz R G Hotrand B Carissos

Cardioanglogeaphy provides an excellent demonstration of the anatomic stroctures
of the heart for both climcal and experimental purposes Howeves mmechion of a
{arge amount of contrast medium may change the dehicate funictronal bafance and
mike the data obtamed mvaltd The observation time 15 short approximately 3 or ¢
cardiae cycles apd sepeated sngections may produce unwanted and uncontrolled
responses (Brows et coll 1967 Lrvinsov et coll 1966 Davita & Sanvarco 1966)
Tt would be desttable therefore to have a method which provides similar 1nforma
tion but which avends the ) imposed by and iagection of
contrast medrum Such a technique has been developed and vsed (Cartsson & MILNE
1967) This method 1nvolves the embedding of tantalum coils 1n the ventncular
myocardium as permanent marker pomnts These minute spirals can be implanted via
a cardrac catheter The insertion does not fequtre enber thoracu or carduc surgery
atd frathort s v wdviatage o 2 Yol Tt preparstion TRINGERTZ et ¢call
1976} However the method has certan disadvantages a magor one bewg the techny
cal difficulty n placing the catheter so that it reaches all ventricular areas Sttes near

the aortic and pulmonary valvar roots are among the most difficult ones tor teach
with the catheter This method also has the disad

of requining an v
and subsequent higation of a peripheral artery If the nght ventnicle 1s also labelled

a vemn must be sacriliced at the end of the 1zb Ding procedure Therefore a modifica
Subrmaicd for publication 20 May 1978
AR 2ol gica Dagn 51200979 Fac §

2
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TANTALUM CABELUING 1N VIVO OF CARDIAC A ENTRICULAR CHAMBERS

Fig 3 Scrawdnser 1 with tantalum screw’

ebedding of the col in the wall of the matertal Catheters of different shapes are
destrable since with a v lar puncture pul: 15 a little more d
than m the case of regular uon theough a pheral vesse) The inner
diameter of these catheters was approvmately 048 mm and enabled tantalum cols
ot & 42 mm i dsameter and approximately 2 mm ¢n length to pass smoothly threugh
¢heir tumen The needle with a catheter placed snugly over it 50 that just the needle
np evtended beypnd the end of the catheter was positoned 4t 2 xiphisternal ineiston
using biplane fluoroscopy

Fight mongrel dogs weighing between 13 and 16 kg were anesthetized vsing
sodium pentobarbital 10 a dose of 0 5 m! per kg intubated and connected to a Har
\atd respirator for control of venttlation Each ammal was placed an the {lratoscap
1able on its right stde which provided a lateral projection usiag & verucal sadiation
beam f§ 15 imporiant to ensure that the projection 1 a true fateral if accurate Lrew
placement 1n thi> plane p» desired  Continucus edectrocardiographic monrtorng was
mstituted A sroall masion was made with the tip of a scalpel blade just below the
xiphotd process The tip of the needle system was then placed at this inctsion and
positioned so thit the long axis of the needle was i line with the long avs of the
cardiac sithoueite seen fluoroscopically The meedfe was then advanced untdl
reached the cardtac apex and was thep brskly iatroduced mto the ventticutar wmass
and quickly removed leaving the catheter within the heart A 1ot of bood confirmed
the teaventncutar posiion of the catheter A onyoring pressure hne was used to
control the casuty pressure The $122 and shape of the ventricular chamber ang the
velative posiion of the catheter within 2t were then demonstrated by 2 small contrast
medwm imection A stopcock was attached fo the catheter to contrel bieeding The
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gy

Fig 1 Needle system

[N

l \/\ —
‘ i
' Ao g \
s R

Fig 2 A scnies of preshaped catheters

\

tion of this approach 1s now proposed It requires 1 much shorter catheter ]:::::
performed by direct chest wall puncture The objectives were to develop ﬂﬂlﬂbc"mg
tive and simple techmque for labelling the endocardium and make easiet the la
near the valves winle mamntuning closed chest preparition

Mocthods and Matenials

A needle system approximately 28 ¢m long was built (Fig 1) consisting of 41310"4:
mm {18 gauge) translumbar needlc over which a variety of short preshaped cat cd‘r
could be placed (Fig 2) The catheter material must be reasonably strong 1 or o
to permut the passige of the screw through its lumen without distortion kinking



TANTALYM LABELLING TN VIVO OF CARDIAC VENTRICULAR CHAMBERS 725

funng the passage of the needle system through the ventncular apex and sub-

+sequently with catheter p and serew impl This did not signifh
2 cantly impede the screw implantation excercise

Results

Complications during the Jabelling procedure ncluded perrcardial hemorrhage

hythnua p and h P fasly when needle
passes were required These prablems arose duning the wtial expeniments while the
techmque was being worked out However 6 of the 8 dogs survived the procedure
and one week later appeared to have made 3 complete recovery with no ECG ab-
notmalities at that tme Chest films were normal Left ventaeculac contraction as
estimated from cardtac output and aoric and ventncular pressures were normal in
4015 dogs Oneday, had a moderate degree of aortic regurgration which was related
10 3njusy of the zortic vahar leaflet duning the cort placement procedure No complica
trows accuered n the 4 hast experitments A left ventricular chamber labelled with
tantalum gols 1s llustrated in Fig 4 A frame from a contrast medium injection
wnto the left ventricle via the catheter placed directly through the chest wall into the
ventricle appears n Fig 3 Tk~ night ventricle can also be Jabelled but it 15 easter

techue Uy to tnsteument the left ventricle although with practice the nght can be
selectively punctured

Discussion

This technique provides a niew method of prepanng a camne model for the mnuest
taton of segmental or total ventrcular function It has the advantage of a closed
chest preparation and leaves all the peripheral vessels intact for later instrumentation
which may be 1ump for chronsc This model has been used for
cmeradiography of conscious animals and moment to moment changes n ventricular
tuaction (Lsevos et coll 1978} Screw motion analyss 1s Iree from the many drs

4 1 card

ges of ¢ grography n lar the problem of rep-ated
and accurate observations at short intervals 1s solved
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SUMMARY

Demar ating fied pownts in cardiac vent
tricles 1n the dog by catheter placern
cails has been shown to provide an excellent physiofogic model A n?w met;,;:jo:::g;':;:?
2
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Fig 4 Fig $

Fig 4 Left ventricle Jabellcd with tantalum coils Lateral projection

130D
Fig 5 Injection of contrast medium mto left ventricle performed via transthoracre catheter!
Lateral projection

most important part of the mstrument used for mtroduction of the serews \\as:h:(
drnve shaft made from = flexible guidewire modified at the tip 1n such a wat ld !
1 recepticle and driving shoulder was formed (Fig 3) Over the receptach C“ML
spiral of tantalum wire, 1 mm long 1nd 042 mm wide was threaded and the “Hud
assembly mtroduced through the catheter nto the cardine chamber 0 be hbcm:\d
The catheter tip was gently pressed towards the endocirdial surface When €0 o
was made the drive shaft ws rotated thereby screwing the tantalum wire ke .
myocardium When fixed m the myocardtum the drive shaft was gently \\1Ihd;ﬁ‘
leaving the screw embedded in the myocrrdium The catheter tip was gnena ro‘u o
blunt shnpe 1w order to prevent the tantalum wire from becomtng 100 dec”m'\
bedded A series of screws can be rapidly mmplanted i atmost any destred pos! i
with this technique The catheter can be mampulated n such 1 wiy that each m:!jr
area of the cavity wall can be reached This was usually possible with on¢ thmo
but the series of catheter shapes illustrated 1n Fig 2 was avatable and any o0¢

these catheters could be exchinged over the gudewire system when required .
small test mjection of contrast medium before and after the screw pl'lccmcm \;ﬂ
of great help 1 confirming that the coils were placed close to the edge of the chant p
at the desired pomts m the Iteral planc Ectopre beats occurred frequently b0
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DETERMINATION OF BLOOD FLOW THROUGH
ARTERIOVENOUS FISTULAE AND SHUNTS

B M T Lantz ] W HoLcrofT J M Foerster D P Link
and M H Re

Over the past decade hemodialysts has been the generally accepted method for
treatment of acute and chronic renal fatlure (BELL & CALMAN 1974) Renal trans
plantation and regular dialysis therapy are now normal toutines wn many medical
centers Since the development of a climically useful artificial kidney creation of a
long term access 1o the cisculation has been the major 1ssue for successfut application
of hemodialysis in the indivedual case (BAILEY & MorGaN 1972) From the first
attempt to create a long term arrculatory access by an arteriovenous shunt of glass
(ALLWALL et coll 1948) further develog of Is and tech has led
to chineeally useful external arterrovenous shunts and subcutaneous arteniovenous
fistutae At the present time the subcutaneous arterrovenous fistula seems to be the
access of choice compared to the previous and still important Teflon Silastic shunt
The mternal anienovenous fistula has a number of advantages regarding clottng
sepsts and longewity Successful dialysis over several years has been reported with
fistulae patients also prefer the subcutaneous location

However with both techniques ¢reatton of an artificsal asteriovenous communy
cation may severely influence the cardiovascular hemodynamics as well as seduce
blood flow distal to the shunt/f Thus 1tisd that such
communications increase the cardiac output (HARRISON et coll 1924 Comev et coll
1948 Nickerson et coll 1951) pulmonary attenal pressure heart rate and also

Submutted fof publication 14 June 1979

-

AtaRaf g gDag s 20(1979) Fase §

727



26 M 7 LIPTON H G RINGERTZ, R G HOLT AND E CARLSSON

drrect ventricular puncture has been developed for implanting these markers The method
has several advantages over an earlicr peripheral catheter technique Apical approach alioss
casier screw placement near the aortic and pulmonary vahes Peripheral vessels are kf
mtact and pressure momtoring as well as contrast medinm injection can be perfomed
through the same catheter

ZUSAMMENFASSUNG

Die Markierung von fixierten Punkten 1m Herzventnikel des Hundes durch hatheter
plazieruny, von Tantalum Ringen enwres sich als ausgezerchnetes phystologisches M an
Eine neue Methode mut dickter Ventrshelpunktion wurde entwickelt um drese Marke
rungen zu implantieren Die Methode hat verschiedene Vorterle gegenuber der fruhen
peripheren Kathetertechmk Eme Einfuhrung durch die Herzspuze erlaubt es et o
Schrauben nahe der Aorta und den Pulmonahskiappen anzubringen Die Pcrlphmnﬁ';
fasse werden intakt gelassen und Druchmessungen sowte Ingektion von hontrastmit
honnen durch denselben Katheter vorgenommen werden

RESUME

L cxpérimentation a montré que le repérage de points bien détermnés dans tes \tn‘ll
cules cardtaques du chien grice 2 la muse en place par un cathéter de ressorts del\anl
donne un excellent modele physrologique Les nuteurs ont mis au point une novel "
thode utilisant 11 ponction directe du ventricule pour implanter ces mMargueurs Cette r':“
thode 1 plusteurs avantages sur la technique de cathétérisme périphérique utilisée 0P Bl
La voi apicale permet de visser plus facilement Jes marqueurs du voismnage des \:;h
aortiques et pulmonaires Les saisseaux péripheriques restent intacts et 13 suncdl:u‘lst'cr
pressian amst que | mjection de moyen de contraste peut cire faite par le meme cathe
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it

a b

 Fig 1 Angiography of patent with bovine antesiovencus fistula between the nght femoral artery
and vein a) Rapr 1 fitling of the fistafa b) Contrast accumufation i the t tav. vern Z seconds fater

(Fig 1) The patient (age 20) had chrome renal disease after farlure of a kidney
i} Several access p were required to enable hemodialysis inludmg
a bovine arteriovenous hstula between the subcfavian artery and vein The patient
developed congestive heart fadure Cardiac cathetertzation indicated that approx
mately 10 per cent of the cardiac output passed through the histula Even though the
fistula was not felt to be hemod; ally fi the subcl. fistula was
closed and the present bovine arteniovenous fistula between the femoral artery and
sein was created The surgicat procedure was well tolerated but the congestise heart
faure remained Angiography was performed to estimate the patency of the fistula
At that time the VD recording was performed (Fig 2) By percutaneaus techmque
a catheter was placed with the up 1n the abdomunal 2orta just above the bifuscation
Twenty ml of Renografin 60 was injected and the difution of the 1njected medium was
recorded on videotape duting constant fluoroscopy over the night common femoral
artery Ten min later & second wiectian was made (3 ml) through the same catbeter
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decrense the total peripheral resistance and systolic blood pressure (Gumov ¢
SAGAWA 1961, NAKANO 1971) These changes might contribute to coneestive b
failure (HoLMAN 1965) In patients with chronic renal failure such hemodynam
changes are usually accentuated (BeLy & CALMAN)

The loca! cffects of an arteriovenous commumicition 1 the forearm or kew
result 1n increased flow to that kmb (HurwicH 1969, HErrON & Watrace 1971)!
has also been shown that when forearm fistula flow ncreases the blood flow to#
hand (WARIM & JANES 1958) and thumb (BusseLL et coll 1971) decreases sisl
cantly compared to the contralateral hand

The assessment of blood flow through a shunt/fistula ts of great clncal importas
For arteriovenous fistula, only indirect methods of uncertain chneal sigaificances”
avulable In the present report a new method will be presented using videodensi
metric (VD) techmque The method can be apphed in connection with rou
angiography qnd 1s simple and accurate The estimnte gives shunt flow as a fract
of the cardine output

Relative flow estimated by videodensitometry

A vidcodensitometer 1s an clectromc mstrument capable of recording demi!
changes in any arer of 1 TV mmage Applied to angtography Vldcodensllomtl:
can be defined 1s 2 technique for obtaiming objective quantitative recordinss D“;
temporal sequence of the dilution of 1 contrast medium i the crrculatory S)Stt&
Thus 1t 1s a circulatory indicator dilution technique (Woop et coll 1964) C""‘Fm\‘
to conventional dilution techniques the VD system has a rapid dynamic resp;l“i
which makes 1t posstble to analyze events within 1 single cardac cycle No smbmn
catheters are necded and only one injection of contrast medium 15 required t0 oh\\'
dilution curses from any vessel in the roentgen video image The concept O;;i) an
flow measured by videodensitometry has been described by Lantz (1974 1 etk
Ins proven to be highly accurate 1n hydrodynamtc models and ammal expcﬂo e
(Link ot coll 1979 LaNTZ et coll 1980) By injecting contrast medium at ll“ atiol
m a crculitory system and recording the dilution of the contrast at one 060( !
distal to both nycetion sites it 15 possible to compare the flows at the sties et
jection The recordings utilize fluoroscopy with fixed kV and mA The 1:’]3““0
stored on videotape cassette and can be repliyed muliple times to obtain Il«z
curves after the ngrography 15 completed By placing 1 VD cursor of 0P“°’:i“ ™
over the artery displiyed on the monitor VD dilution curves are obtune o
integeted nreas of the dilution curves are inversely proportional to the fiow

sites of ingection (LANTZ 1974)

Matenial and Methods

tigation was mtited by a VD flow estimate wn a patient with

The present mves
P s fistula placed between the femoral artery and the femoral ¥¢!

bovine arteriovenou



Fig 4 Detail of canine model with caroud graft placed between femoral artery and vein To the left
clectromagnetic «uff probe on distal external ihac artery

46t 795833



730

Fig 2 Diagram of patient with
right arteniovenous fistuta Re
cording 15 performed over the
night femoral artery (video) after
contrast ingctions at site L and 2
through a catheter from the
nght gron  STA = superficial
femoril artery DFV -~ decp
femoral vein  CIA = common
ihac artery Abd Ao =ab
dominal aorta

Fig 3 Canmne model EM,
EM, and EM, represent the
sites for continuous clectro
magnetic recording of flow m
aortic arch night and left e
ternal tliac arteries (EIA) SFA
= superficral femoral  artery
DFV = decp femoral vein Re
cordings are obtained over the
left femoral artery (video) after
contrast mnjections 1N the aortic
arch and the left external iac
artery

now with the tup mn the pr
ecording site was the same
patient s condition and to analyse the acute hemo

fluoroscopic T

In order to reproduce the
ved

dynamic phrameters wnvol

oximal portion of the right common ihac arter

B M T LANTZ ET COLL

Abd Ao

Abd Ao
EMr gra Eh
/ DFV—",
video
A-V Shunt SFA

;™

an 1n vivo camine model was designed (Fig 3 Twt
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Fig 5 Videodensitometne fow
calculation 1 patent Top
curve represents the recording
over right femoral artery alter
contrast inyection in night com
mon jhiac artery Bottom curve
Tepresents the recording at the
same site after contrast injection

m distal abdomunal aorta The
w23 flow Q 15 calculated from M
A 550

20
) ﬁlll! 04473

(amount of contrast medium
myected) A (miegrated densito-
metric area  shaded) and k
(calibration factor for radiation
mtensity) according to Q=
(M/A) k The MMow i the nght
7 |

thac artery as a fraction of
distal aortic flow = 69 0 per cent

Fig 6 Calculation of flow
dog 2 Top curve represents
videodensitometric recording
over left femoral artery after
cantrast imjectton 1 aortic arch
Bottom curve represents the
recording at the same site after
contrast ijection in left external
ihac artery (shunt open) Flow
m left external liac artery as 2
fracion of cardiac output 15
21 4 per cent Same symbols as
mbA s

dogs weighing 267 kg (1) and 217 k
mgkg of sodium pentobarbito] apd
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Table 2
Flow data w $wo dogs estimated by electromagn tic method Each
Figure represents an average of 6 ta 12 reatings

wee  Daa Dog! Dog2
_______.,-—————-—‘——"4"_'_———-_‘_—”—‘—

1 Werght (kg) 267 27
2 Shunt dumeter (mm) 3 €
3 Cardiac output (mt mu) 1365 2410
4 Eat 1} cartery (shunt side) 196 473
(mt mmn)
Shuat (m? mn) 145 437
® Lumby (shunt) (ml/emn) 51 36
7 Limb (controt) (m}min) 0 53
Pex cent of cardiac output
8 Ext iliac artery (shunt) 143 196
9 Shunt 106 183
10 Limb (shunt) 37 15
1 Limb {control} 51 23
" Per cent af distal aortic flow 6 395
to shunt side
3 Per cent seductien of flow to 272 36

distal lmb on shunt side

electromagnetic method The figures correlate extremely well with a difference in

relative measre less than 2 per cent An example of one calculation 1s llustrated 1n
Fig &

Acute hemodyname effects of shunt 1 two dogs The data are hsted m Table 2
The blood pressure did not change significantly 1n erther dog after repeated clampng
of the shunt The cardwee output was considerably higher 1n dog 2 dusing the entire
expeniment The cardiac output mereased stgnificantly m this dog when the shunt
was opened {2410 ml/min and 2 133 mYmin respecinvely two taded t statistics
p 002) No difference m cardsac output could be seen sn dog 1 which had a smaller
shunt and a lower cardiac output

The diac artery or the side of the shunt recerved about two tumes more flow 1
dog 2 with the larger shunt compared to dog 1 (Table 2 hine 4) Thrs mgher flow
contnbuted to an merease of the shuat flow and not to petfusion of the lower ltmb

The lunb perfuston on the side of the shunt was abou
t 30 per cent less th
fuston of the contralateral imb (Table 2 line 13} s than the per

Discussion
The videod method for
velative flow shows an ex
N t cellent
with g flow Thisisin ;

ce with results of
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Table 1
Relatite flon by elec method and tidk
method in dog 2
Shunt Flow on shunt side EM method  Video method

(per cent) (per cent)

Ylac artery flow as 03
Open Cardie output 21 a4
P 199 n4
14 19
Iliac artery flow 15 20

Closed e
Jose Cardiac output 16 23
14 21
Closed Thac artery flow : ; g ;
open Tiag artery Tlow 72 95

ihac 1rteries By percutineous technique from the night gron a pigtal catheters®
stde holes was pliced 1n the ascending aorta with the tip 2 cm above the ortie al¢
Another citheter with end and side holes ws introduced nto the Jeft femoral antf
with the tip i the left external 1liie artery During inyection of 10 ml Vasconr!
the aortic arch the dilution curves were recorded in constant fluoroscopy with (h:
image ntensifier focused over the left femoral nrtery Following the aonm{
Injections stmil i recordings were obtained after | mland 5 ml inyections of Vascor!
n the left external ihac artery Repented injections were performed after da"\i"
the arteriovenous fistula The cquipment consisted of 1 constant potentil S““‘m;
(C G R 1215) connccted to a Coronarix C 1rm (CGR)using a 10 cm (4)':":
intensifier input Before each recording 1 10 mm nluminum filter was used for @ «
tron of the radiition intenstty

The dat from the EM probes along with the systenuc blood
left man carotid artery (Statham P23DB) wns recorded on an Elect
DR 8 photogriphic recorder nd synchrontzed with the video re
contrast passage dunng fluoroscopy The flow estimates were mad
cordings by replaying the cassctte [ntegration of the VD mass imeé curyes
formed by plamimetry

pressure frof ¢
ronics for Media
cording of ¢
e alter the ?
waspe

Results

n of the !
T

at

Flow estimatces by vdeo techmgue Calculation of the distributiol
aortic flow to the shunted iliac *rtery 1n the patient was 69 0 per cent (Fig 5)
corresponded to 73 6 per cent 1n dog 1 which had 1 shunt with a drameter €qY

that of the supporting artery

The VD estimate of flows is illustrated 1n Table 1 for dog 2 nd comparcd tot



BLOOD FLOW THROUGH ARTERIOVENOUS FISTULAE AND SHUNTS 735

Acknowledgements

The authors wish 10 express their sncere thanks to C G R Medical Corporation for
eir support of a constant potential generator to Mallinckrodt In-orporated for supplying
nteast media and to Steve Wilkins and Jane Kendrick for generous techmcal assistance
ne mvestigation was partly funded by the Medteal School University of California Davts

SUMMARY

method for celative {low was employed in a patient with
bovine arteriovenous fistula Analogous arteriorenous communications of different stzes
ere created tn two dogs for comparison Local and general ‘hemodynamic parameters were
yeasured The videadensitometric raethod proved to be highly accurate compared to electro
~agnetic flow readings and 1s the rrethod of choice 1 estimating shunt flow i connecfton
nth routine angiography

ZUSAMMENFASSUNG

Etne videodensitometrische Methode wurde zur der tefativen D
se1 exnem Patienten mut einer bovinen arieriovenosen Fistel vernendet Analoge arteno-
enose Verbindungen von verschiedener Grosse wurden ber zwer Hynden zum Vergleich
hergestellt und lokale und aligemerne hamodynamische Parameter wurden gemessen Die
ivideodensitometrische Methode erwies sich gut mit den elektromagnetischen Stromungs
“messungen uberetnzusimmen und st die Methode der Wahi zur Besttmmung der Shunt
Durch mn mit der Routine A

RESUME

Les auteurs ont utihisé une méthode vidéodensitométrique pour estimer fe debit relatif
chez un malade qut avart une fistule arterio-vein u.e par pontage tovin 1ls ont crée des
é de duffs tafies sur deux chiens pour
7comparaison s ont mesuré les paramétres hemodynamiques locaux et géneraux La mé
thodu vidéodensitoméltnique s est sévelée tids precise par comparaison avec les Tectures
¢lectromagnetiques de débit et c est la méthode de choix pouc estimer le débit des shunts au
cours ¢e | angiographie de routine
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renal flow (LINK et coll) and mesenteric and cerebral flow measurements (v
et coll) The method s easy to apply in conyunction with routine angoerah |
can be used 1n any 2rea where 1 selective catheter can be placed The Hlow canthr
be given n1s 1 relrtive mesure compared to any other area Ideally, a selectne catte
should be placed with the up 1n the shunt for contrast nyectron If another inet
1s made wn the tortic arch 1 direct mesuce of the shunt flow as a fraction oft
cardiac output can be calculated However, some posstble crrors hase to betik
nto consideritton regarding the VD recordings First the electrome VD w ¢
must be placed over 1 cross section of an artery so as to avord other vessel consn
contrast medium 1f recirculating vemns overhie the window, the windon tr ¥
reposttioned nd the tape repliyed Secondly, the myection rate of contrast medur
should not excecd 1/4 of the flow rate at the site of myection Thurdly 2 smaflar
of medium washed out of the catheter tip This may represent a stgntficant frauton
of 1 smnll contrast medium mjection leading to an error 1n measurement of co 1!
volume and thus ciusing error i measurement of relitive flow Frnally, calibrat¢
of the ridintion intenstty 1s 1dvisable before each fluoroscopic recordin s l‘“‘
made by pheing 1luminum over the roentgen tube for 1 few seconds before 0
recording

Sever1l other methods for me surement of flow through sh
been reported The flow through an external artertovenous shunt can
by an electromagnetic flowmeter plced over the arterial outflow tubing aft
calibration (ALFRLY et coll 1970) or placed n the circuit (BRENNAND & BL“;;
1960) The flow through an arteriovenous fistul s more difficult to esttmile
ultrasomic method using the Doppler principle can give an approumate \3‘“5‘
the cross sectional area of the blood vessel can be obtatned l’leth)smﬂsfﬂl’h!r
the arm or the leg (Hurwic HERRON & WaLLact) mught give & soucht 0‘;-
indication of the flow to the limb but does not give a direct measure of ﬂ‘eiuh
flow The cardiac output measured before and after occluston of the shunt Wi 3‘
give an indication of flow This imvestigation suggests videodensitomelry ‘OIT
method of choice for 1ccurate esttmite of blood flow through shunts and fistul
connection with routine 1ngiography

The dog experiments confirmed that the shunt flow depends on the s12
The flow to the lower limb on the side of the shunt was consistenly fower thar!
the control side (about 30 %) In dog I the shunt received 10 6 per cent of the card
output corresponding to a distribution of 73 6 per cent of the dist1l aortic ftos tot
side of the shunt This corresponds well with the patient s situation (69 0 o) Wit
1t was estimated that the fistulr did not shunt more than 10 per cent of the catd!
output The patient s congestive heart failure might be explained by metabolic fmf
and chronic fluid overload due to renal farlure In dog 1 no decrease of cardiac &
put was noted by clamping the shunt In dog 2 however where the shunt rece
18 1 per cent of the cardrac output a sigmificant response was obtaned by clamp

unts and stulse b
be estraae
ter suts”

e of the st

the shunt
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Life threatenung hemorrhage may be a serious consequence of the airculatory
m portal hyp: Luver curhosts 1s the most frequent
ytause of portal hypenenston The most impostaat curculatory change which occurs
11 Iner orthosts 2ppears o be obstruction of the venous flow Booxsten et coll
{1975) used magnification hepatic wed, e phiebopraphy m aitthotic patients and found
more severe obstructive changes in the hepatic than mn the portal vems givmg Tise
to 1mpaired portal Tlow
Halesetcoll (1959)d d

tal shunts m casts JOHNSON
et coll (1966) found increased cardsac output blood yolume and systalic efrction rate
and a decrease in peripheral resistance 1n patients with liver cirrthosis They regarded
these findings to be similar fo the findings m patients with systemic artertovenous
" fistufze  VIAWONTE ef coll (1965] demonstrated shunts between portal a0d hepatic
vens and anastomoses between hepati vems Consequently obstructive changes
ewstan hver crthoys to some degree they can be overcome by shunts in the liver
but the damunant hemodynamic featus 1 crrhosis s outflow obstruction Tather
than arteniotenous fistulae (WarRen et coll 1968) The great vanabihty in vasctlauty
and hemodypamics was emphasized by Warrew et coll (1967} who stated that
tgh pressure does not necessantly occur m advanced errthosis but may appear
m the early stage of disease
Hansow & Joussow (1966) and kock et call (1972) found 1n the dog that partial
J_r‘,{r:y\\) ocniluamn of the portal vein produced increased flow i the hepatic artenes

for publication 25 January 1979
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Life threatening hemorrhage may be a serious consequence of the crrcufatory
alterations occurrng  portal hypertenston Liver cxrrhosis 15 the most frequent
cause of portal hypertension The most important cireulatory change which oceurs
in Wver authosts appears to be obstruction of the venous flow Boowster et call
(1975) used it hepatic wedge phiet phy 10 cirthotic patients and found

more severe obstructive changes int the hepatic than in the portal vens givmg nise
to impared portal flow

HaLrset coll (1959) demonstrated arterioportal shunts 1n corrosion casts JOHNSON
et coll (1966) found increased cardiac output blood volume and systolic ejection rate
and a decrease 1n peripheral resistance in patients with liver cirthosis They regarded
these indings to be similar to the findings 1n patients with systemic arteriovenous
hstutae ViamoNTT et coll (1968) demonstrated shunts between portal and hepatic
veins and anastomoses between hepatic veins Consequently obstructive changes
exnt i lver cirthosis to some degree they can be overcome by shunts in the hver
but the dorinant hemodynamic feature n currhosts 15 outllow obstruction rather
than artenovenous fistulae (WARREN et coll 1968) The great varrability vasculanty
and hemodynamics was emphasized by WARREN et coll (1967) who stated that
high pressure does not necessanly occur 1n advanced cirrhosis but may appear
m the early stage of disease

Haxsov & Jornson (1966) and Kock et coll (1972) found in the dog that partial
oF total occlusion of the portal verm produced mncreased flow n the hepatic arteries
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Life threatening hemorrhage may be a senous tonsequence of the cisculatory
alterations occurnng 1n portal hypertension Lives eirrhosis 1s the most frequent
cavse of portal hypertension The most important ewrculatory change which occurs
1n hver airthosis appears to be obstruchion of the venous flow BooxsTers et coll
{1975) used hepatic wedge phl phy s cirrhotic patients and found

more severe obstructive changes n the hepatic than in the portal vens gvmg nse
to smpaired portat flow

Hatrsetcoll (1959) 4 d

portal shunts 1 casts JoHnsaN
etcoll (1966) found wncreased carduac output blood velume and systolic ejection rate

and a decrease n peripheral resistance 1n patients with hiver cicrhosss They regarded
these findings to be sumilar to the findings 1n patients with systenuc artenovenous
fistulae VIAMONTE et coll (1968) demonstrated shunts between portal and hepatic
vens and anastomoses between hepatic vemns Consequently obstructive changes
cust n Iver cirrhosts to some degree they can be overcome by shunts n the liver
but the dominant hemodynamic feature mn cirrhosts 1s outflow obstruction rather
than arteriovenous fistulae (WARREN et coll 1968) The great vanability in vasculanty
and hemodynamics was emphasized by WARREN et coll (1967) who stated that
high pressure does not necessanly occur m advanced airrhosts but may appear
1 the early stage of disease

Hanson & Jomnson (1966) and kock et coll (1972) found 1n the dog that partsal
or total occlusion of the portal vein produced increased flow m the hepatic artenes
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a phenomenon called arterial autoregulation On the other hand they recorded no
alteration m portal flow after a decrease in hepatic arterral flow Vasopressi imfusion
in the celine artery in the dog has a biphasic effect on the hepatic artenal flow
(BARR ct coll 1975) They registered an initial transtent decrense in fow, followed
by a substantil increase in spite of continued nfusion This increase was probaby
due to vasodiltition of the hepatic arteries 1n response to decreased portal flos
which activated the autorcgulatory mechamsm n the liver resultmg 1n icreaed
hepatic arteril flow A direct correlation between the drameters of the hepate
arteries and the <evenity of the cirrhosis was demonstrated by Rrutt et ool
(1975)

Splenomegly s often regarded s 1 natural consequence of portal venous stuss
However, no significant correlation between the severtty of cirrhosts and desree o
splenomegaly was found by kRook (1956) or by Rrutcr et coll The reason for that
1s not known but my be reluted to the effectiveness of portosystenie collateral vemns
m modifying portal pressure (RTUTER et coll) An interesting observation made b
the same nuthors was that the spleme arca generally decreased after performance o
A portocaval shunt However the size of both the splenic artery and the e
increased shghtly This apparently contradictory phenomenon nught be explaned
by the increased visceral blood flow that occurs following a portocval shunt becaust
of the marked decrease in splenic vemn pressure

AsncaTict & Camit (1951) described splenic portography asa method for demon
strating the portal circulation This method his some hmuts becwse no contest
filling of the portal vein may be obtuned m some patients with portal hypertunsiot
although no occlusion of the portal vein exists (BrRGSTRAND 1971) Another ds
advantage of splenic portography 1s that it cannot be performed 1n sp!enecmmucd
patients Therefore BousrN et coll (1963) suggested angrography of the celiac an
the superior mesenteric arteries 1s 1 method for demonstrating the portal wmy
especially in splenectomized patients Nracsar & POLLARD (1966) regarded arter
injection to be a more physiologic method of demonstrating the portal 1:|rcuk\(lo‘)r:i
They found angography of the superior mesentenic artery to be the best meth ’
for obtamning filling of the portal ven wlich was achieved in every cise The effecto
bradvkmin differs 1n the celiac and superior mesenteric aircultion (BOUSIN &
RrDMAN 1966) They suggested that the resistance to flow n the spleen and the Inef
1s lower than n the superior mesenteric area beciuse of anatomic differences m the
vascularity Morphologic 1bnormalitics such as portosystenuc collaterls have often
been described 1 portal hypertension but alterations in circulation ttmes appedr
to be less often analysed BIRGSTRAND & ERMAN (1957) using splenic ponogmph)
demonstrated a reduced flow velocity in patients with portal hypertension but A2
correlation between the flow rate and the portal pressurc Bousc et coll nouccd“l
slow passage of contrast medium from arteries to vems 1n patents with port?

hypertension

Durning 1974 to 1975 the circulation times in differcnt visceral parts were comParcd
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with the portal pressure 1o order to fund out whether any correlation ewsts between
he portal pressure and various arculation fimes and 1f so 1o ascertamn whether 1t
sould assist 1n reaching a dragnosis of portal hypertension

Matenal

The matenal congsted of 17 patients 4 men and 13 women aged between 18
and 70 years and with a mean age of 54 The final diagnoses were based upon clinieat
examinations laboratory fests surgery and autopsy

Ten patients had portal hypertension and this group consisted of 9 patients with
lver eirchosts and one with thrombosis of the hver vetns Seven patients had normal
portal pressure 3 of these with one hyperneph one of
the pancreas and one carunoid tumour One patient had a chromic penicholangttis
and unspecilic hepatits one a duedenttis—pancreatitis one an aneurvsm of the
splenic artery and finally in one patent no abnornmality was found

Methods

Portal rein pressure was measured as wedge hepatic venous pressure m 14
patients The measurements were performed just before the angiography The
pressure was determmed according to Kroon The projected level of the nght
attium 5 cm below the sternal ansle with the patient 1n supine position was taken
as the baseline In the remaiming 3 patients the portal pressure was measured at
operation withi a few weeks after the anglography In 2 of them a spleno renal
shunt was performed and the third had a liver vemn thrombosis

Selcctne angiography of celiac and supenor mesenteric arteries was performed
alter puncture of the femoral artery in the gromv celiac angtography n all 17
patients and supenor mesenteric angtography in 15 pabents 1n 3 after bradykimin

Two patients both with normal portal pressure were not examumed with. superiae
mesenteric angiography one patient had a hypernephroma and th
esenlenc 3 p a and the other a pancreatic

All celiac angiographies were perf

performed with 40 mt Urogeafin 76 , +
mjected at 2 mean rate of 13 2 mlfs (10 8-154) ¥  h was
The superior mesenters. an,
v angographies were performed it
om0 nre performed with 60 mi at a mean rate of
The film se g
Ties were programmed as follows Cehac angsography 2fsfor2to3s

1sfor 2ta 3 s and | ever,
'y second of third second for 16 (o 2
anpography 2sfor2to 3 s and | every 0y qeenor mesenteric

third second for 30
and injection were regisiered with @ Mengografl (0365 The o

Spleme 51 e was caleulated ace
ording to BLENDIS et coll
splesn 1e the product of the length and widil ol (1969 as the area of the
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Lner size was estimated and classified 10 degrees of 0 to 2 from normal 1
enlarged

Dimensions of the 1essls were estimated by measuring the drameters The propet
hepatic, the right and left hepatic the splenic and the supcrior mesentenc anienss
were measured one cm from the onigin The splenic, the superior mesentenc and the
portal veins were measured one cm from the confluence

Arterial flon As 1 parameter for the arterial flow velocity in the liver spleen and
intestine, the emptymg times of the arteries were determined The arterial emptune
time for 4 region 1s the time clapsing from the end of the mjection to all artenies
have emptied

Venous flow As a paramcter for the venous flow veloctty, the time from the
start of the mjection to maximum filling (maximum contrasting effect) of the
splenic supenior mesenteric and porta) veins was recorded

Gallbladdcr The tme required for maximum accumulation of contrast medun
1n the wall of the gallbladder was also recorded as well as its duration (UDex 197)

Results
Portal pressurc (17 cases)

The wedge hepatic venous pressure was measured in 14 patients and m 3 the
portal pressure was measured 1t operatton Values up to 14 kP are regarded 8
normal (hRook) and were recorded n 6 patients One patient with normal ange-
graphic nd chnical findings had a pressure of 16 kPa In spite of this slightly
mcreased pressure this pattent has to be regarded as normal

Increased values between | 8 and 4 7 kPa (mean valuc 3 3 AP2) were recorded n 10
patients (Fig 1) 1l having liver cirrhosis except one This patient had thrombosts
of tver veins thus the wedge hepatic venous pressure could not be determned The
pressure measured 1t operttion wis 4 7 hPa

Spleme size (17 cases) .

The splenic area was 1n the cases with normal portal pressure 74 10 24 e
(mean 101) and 110 to 392 cm? (mean 210) in the patrents with portal hypertenston
The highest value (392 cm ) was found 1n 1 patrent with bilary cirrhosis for mo ¢

than 10 years l
A rather good correlation (r=0 78) existed between the splenic size and the po

pressure (Fig 1) 1f the patient with the extraordinary splenomcgaly was excluded

Splente circulation (17 cases)
Mean cureulation time The artertal emptying time of the spleen varied between
14 and 60 s (mean 2 6) All patients had an emptying time within 4 s except 0n¢
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Fig 1 Splemic size compared to
2 postal pressure (16 cases)
0¥ 200 300

patient This patient had a very long and tortuous splemic artery with 2 small
aneurysm and had an emptying time of 60 s

In $ of the 7 patients without portal hypertension the maximum hiling of the
portal vein occurred between 7 5 and 98 s {mean 8 4) and the portal pressure was
between 1 0and 1 6 kPa (mean 12) In the two remaining patients with normal portal
pressure the maximum filing of the portal vein occurred Jate at 114 and 154 s
One was the patient with the long and tortuous splenic artery 2 small aneurysm and
a prolonged emptying ime The other patient had a carcinoma of the pancreas caus
mg obstruction of the spleme artery and ven with collateral circnlation wa the
fastroepiplorc artenes and veins

in 8 of 10 patients wath portal hyperiension the portal ven was filled at cehac
mmography The maxuimum fifung occurred between 119 and 135 s {mean 147)

{n the 2 remaiming cases both with portal hypertension the portal vein was not
filted from the splemc vein One of these had a pressure of 26 kPa and at the
Superior mesentenc angiography the spleate vetn was filled 1n a retrograde direction
Tn the last case with a pressure of 33 kPa portal branches were hifed through
antenioportal shunts A shight retrograde flow into the mam portal vein was also
recorded
(hz\:of‘z?:::;::, ::, ; :‘) ii)c:;;s:len:l bcmicn the emptying tme of the spleen and
. anon (r=030) between the emptying time and the
plemce size
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3
2f

Fig 2 Time tor muermum i)}

g of portal vein at ccltac 1n

grography compared to portal

pressure (13 cases) + - —t

The mramum filling of the portal vemn could not be related to the portal pressure
1n 4 pattents 1n 2 patients with portal hypertenston without fiiling of the portal vein
mn the patient with the long and tortuous splenic artery and m the patent with the
pancreatic carcinoma The 2 Iatter had a normal portal pressure but late filling of
the portal vein

The mein carculation time and the portal pressure were directly correlated
(r=096) 1n S patients with normal portal pressure and 1n § with portal hypertension

(Fig 2)

Dinicnstons of tesscls The diameter of the splemic artery v iried between 6 andr:
mm (mean 7 0) m the cases with 1 norml portal pressure and betsscen 7and 12,:35
(mean 9 2) i those with portal hypertension The diameter of the splemc vein o
7 to 16 mm (mean 107) i the first group and 7 to 18 mm (mean 125)m
second grou,

In allgpaure)nts the splenic vern was wider than the artery except 1n 2 cases m;l:
portal fiypertension The splenic vemn and the artery had the same diameter In (;.a!
patient and m another the diameter of the splenic ven was shghtly less than t o
of the artery In these 2 cases the flow i the splemc vein was decreased due
collateral flow from the spleen and the portal ven was not filled from the splent
vein In these 2 cases also a retrograde flow existed in the splenic or portal vern

The transverse aret of the splenic artery was well correlated (r =0 91) to the splent
size The correlation between the area of the splenic vern and the splenic size was som¢
what less (r=0 68) but higher (r=081) if the 2 cases with retrograde flow were ¢t

cluded
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Fig 3 Time for maymum fill
g of portal ven at supenor
mesenteric  angiography com
pared to portal pressure (10
cases)
- i T b3

Superior mesenteric circulation (10 cascs)

Supertor mesentenc angiography was performed in 15 patents Five patients were
excluded 3 of them because the angiography was performed after bradylimin which
causes decreased cieculation times and increased vessel diameters (BOUSEN &
RepMan) and the 2 remaining cases due to technical reasons

Mean aireulation ume The maximum filling occurred at 13 3 to 18 7 s (mean 16 3)
m the patients with normal portal pressure and at 14 4 to 19 3 s (mean 17 5) in the
patients with portal hypertension {(Fig 3)

The maumum filling of the portal vem and the portal pressure did not correlate
(r=054) in these 10 cases

Dimensions of ressels The diameter of the superior mesenten. artery vaned
betucen 8 and 12 mm (mean 9 6) and the diameter of the supenor mesenteric vein
between 11 and 19 mm (mean 14 5) In patients with portal hypertension the dia

meters had a slight tendency towards bemng wider than 1n patients with normal
portal pressure

Hepatic circulation (17 cases)

Mean ewrculation time (16 cases) One case was excluded because of a spasm of
the supenior mesenteric artery which was the ongin of the proper hepatic artery
The emptying time of the hepatic artenes was 14 to 52 s (mean 32)

No correfation (r =0 33) existed between emptying time of the arterses of the liver
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and the portal pressure The emptying time was also independent of the size of t
Iiver

In 6 cases no difference was found between emptying tume of the hepatic anf
splente rteries In 7 cases the emptying time of the hepatic artery was loneer thn
of the splenic artery, but 1n 6 of those the difference was not more than 2s Inone
case with bihary arrhosts the difference was 34 s

Three patients had longer emptying time of the splenic than of the hepatic artenes
One patient with portal hypertenston and artertoportal shunting had almost on:
sccond longer emptying time of the splemc than of the hepatic arteries the rean
probably being the increased irterial hepatic flow ciused by arterioportal shunting
In 2 cases the emptying trme of the splentc arleries was more than 2 seconds fonmet
than that of the hepatic arteries One of them was the case with pancreatic careron
wnd occlusion of the splenic artery and the other the one with the long and tortuous
splenic artery and ancurysm In both thesc cases comprchenstble reasons for the
slowing of the splenic flow existed

The difference between emptying time of the hepatic and splentc arteries W
mdependent of the portal pressure

Dimenstons of tessels The transverse 1rea was calculated from the recarded dn
meter In the 7 cases with narmal portal pressure the arer of the night and Ief
hepatic artery was between 17 nd 89 mm (mean 37) In 10 patients with porte
hypertension the arenr w1s between 58 and 134 mm  (mean 82)

The aren of the portal vein varied i the patients with normal portal pres:
between 154 and 452 mm? (mean 293) and i the patients with portal hypertensiet
between 133 and 380 mm® (mean 229)

In the comparison between the transverse arca of the right and left hepatic arter,
and that of the portal vetn (16 cases) the patient with pncreatic carcmoms ¥
excluded because the splemc vein was occluded and the portal vein was onf,
faintly filled

No correlation could be recorded between the aret of the hepatic arten i
area of the portal vern in the normal patients (r=~042) nor n the patients Wit
portal hypertenston (r= —0 46}

The arca of the rght and left hepatic rtery and the portal pressure cOrre
roughly (r=064) The patient with the pancreatic ciremoma had rather IJ"Ff
hepatic arteries probably due to iver metastases However the portal pressufe \&
normal A patent with ncute thrombosis of hver vetns nd with very high porid
pressure (47 kP1) had no evident abnormality of the hepatic arteries I these &
cases are excluded the correlation 1s higher (r =083 Fig 4)

At celiac angiography the area of the right and left hepatic artery and the tm
for maxtmum filling of the portal vein correlted roughly (r=069) If the 2 castt
with pancreatic carcinoma 1nd thrombosis of the hver veins are excluded tht
correlation 15 somewhat higher (r=075)

sUft

es and i

fate’
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Fig 4 Transverse area of night

and left hepatec artery compared

t o omt to portal pressure (15 cases)
o )
At supenior by no correl existed between the area

of the hepatic arteries and the tme for maxmum fifling of the portal vem

Gallbladder etrcufation (10 cases)

Accumulation of contrast medium tn the wall of the galibladder was recorded 1n
10 patients maximum occurred 56 to 90 s after the start of the mechon The
duration vaned between 77 and 24 1 s Four patients with normal pertal pressure
had a duravon varying between 114 and 134 s

n 2 cther patients with normal portal pressure the duration was longer dve
1o obstruction of the choledochal vein which 1s the dramng vein of the gall
bladder (Upevn 1972 1976} Qae of them with a duodenitys pancreatits had g duca
tion of 16 7 s and the other with a pancreatic carcinoma a duration of 18 1 s Three
patieats with portal hypertension had a long duration from 159 to 241 s

One patient with portal hypertension had a very shoct duration (77 s) probahly
due to arterioportal shunting with a steal phenomenon

Tnscussion

Selecuse wisceral angiography s regarded by Bomsex & Repyan among
others as one of the best methpds for evaluating changes in visceral blood flow

Pasumeters such as circulation tme and vessel diameter &ive information about blood
flow 1n different parts of the viscera
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Fi, 5 a) Normal Celiac angiography 17 s after imuction b) Liver currhowis with portal bt
tension (3 1 kPa) Cehac anmography 16 s after inctton Increascd artersal flow in the ler h
both cases peripheral artenal filling obtained In (a) the arterics have normal transwerse e 1
(b) the arferies are widened indicating n increased actenal flow The extent of arterul 6%
almost the same

However some sources of error must be taken into account the hemodyname
effect of the contrast medium, of the catheter 1n selective angrography and of th
pressure used at the injection of the medium

It 15 generally agreed that contrast media cause vasodilatation alt
authors have reported no response or vasoconstriction The hemodyna
the catheter 1s small unless 1t has an outer dinmeter close to the mner
the artery (R1orRNG & PCTTLRSSON 1977) The effect of the pressure At the e
Into the nternal carotid artery has been carefully analysed by Nomnts (1977)
a slight increase 1n flow was observed in a few cases (4/13) The most frequent 3
of flow changes was due to alteritions n artertal blood pressure ot ventilation

Because of these errors true volumetric flow rate cannot be determined in bsolute
umits However a good estmite of the flow rate can be obtamned by recording
transverse areas of vessels and flow velocity

In order to record differences between the celiac and the supenior mesentent
circulation regarding anatomy shunts retrograde flow and circulation times s
necessary to perform the angiography of these 2 arteries separately If the exammation
1s performed as a combined cehiac and supertor mesenteric anglography it 1S almost
mmpossible to record differences in the 2 systems

The present pattents with portal hypertension had a transverse area of thi
hepatic arteries (mean 82 mm) which was about twice the diameter of the norm?
ones (mean 37 mm  Fig 5) As the parameter for flow velocity the emptying of

hough somt
mic effectof

diameter of
clion
Onlv
e
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Fig & a) Normal Celiac angiography Maximum filling of the portal vein 90 s after myection
b) Liver cirrhosis with portal hypertension (3 1 kPa) Celiac angiography with maximum filting of
the portal ven 143 s after ijection Maximum contrasting effect of the portal ven and its
branches 15 lower 1 (b) than n {a) and occucred 53 s later

the hepatic arteries did nat differ between the 2 groups the artenal flow in the
patients with portal hypertension has to be more thag twice the artenal flow of the
groups without portal hypertension This 15 due to the {act that the volumetric flow
rate transvérse asea  flow velooity Widened hepatie artenes i cirthotic patients
hase previously been reported by ReuTer et coll but they apparently did not secord
the circelation ume

The increased arterial flow 15 most probably a compensation for the decreased
postal flow m hiver crhosis and 1s explaned by the capacity of the liver for artenal
autoregulation {hock et coll )

In normal case the contrasting effect of the postal vein 1s the same at celiac and
Sepenior mesentenc angiography but the ume for maximum fiing of the portal
ven ocours later at supenor mesentenc angiography

A d~creased portal flow may find 2 different expressions as the volumetric flow 15
2 product of transverse area and flow veloony either prolonged circulation time and
3 normal transverse area of be portal vein {Fig 6) or normal circulation time and
2 decreased transverse area of the porial vem which 1s more uncommon (Fig 7) At
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Fix 7 Portal hypertension with large shunts Supertor mesenteric angiography. Maximum {nllln%o(
the portal ven Portal van (—) relatnely narrow indrcating decreased portal flow whih 13»)
to 1 Irge portosystemic shunt to the coronary vein (+) also shunting to the umsbrhical ven

celine ingrography i cases of portal hypertenston the maxtmum filing of the pord
vem occurred later (mean [47 s) than in normal cases (mean 84 5) nd the
contrasting effect of the vein was decreased (Fig 6)

An explanation for this may be that the celine system has possibilities of deve
shunts As 1 consequence of the shunting the flow passing the spleen will be di
from the splenic ven to the shunts Thus the flow reachng the portal vein 18 d&
creased (Fig 8) In 2 cases with portal hypertension the port vein did not fifl from
the splemic vein t celiac angiography due to retrogride flow One case had artend
portal shunting 1n the liver nd the other had retrogrde filling of the splente yit
from the supertor mesenteric vein

A direct correlation was found between the late filling of the portal vern at celiaé
angtography and the portal pressure A correlation probably also custs between the
shunted volume and the portal pressure 1s the explanation of the Ite filiing of the
portal vein 1s loss of flow by the shunts However the shunts may be difficult to detect
on films especaally if they are small and have several locwtons Even large shunts
miy be difficult to obscrve if they open up mto a vein with 1 Iarge flow 1¢ the
left renal vein Such shunts were found by GOTHLIN (1976) mn Il patients (12) with

loping
verted
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Fig 8 Celizc angiography
Venous phase, § s alter e
tion Schematic @) Normal case
b) portal hypertension with
portocaval shunting  Shaded
areas illustrate vemns filled with
contrast medium and  corre
spond to equal volumes Blood
mixed with contrast medium
(closed arrows) blood without
medium (open arrows) In ()
no blood ftow to shunts m (b)
flow to portocaval shunts by
gastic and esophageal vems
(1) inferior mesenteric (2) and
Teft renal vein (3) As a conse
quence maximum filhng of the
portal vein occurs late

portal hypertension examuned by a dye drlutton techmque He found a mean blood
flow 1n the left renal vein of 840 mi/min m such patients and of 430 mifmin 1n
normal cases 1¢ an increased flow of 410 ml/min (6 8 mlfs) This ts 2 very large
wolume considering that m a normal case the celiac flow 1s about 12 mifs and
normally about half of 1t 1s reaching the spleen Consequently the shunted volume
1 these cases 1s about the same as the normal splentc flow The transverse area of the
splenc artery 1n the patents with portal hypertension was jn mean 66 mm? and the
area of the normal ones 38 mm? However the parameter for flow veloaity the
arterial emptying trme was the same in the 2 groups Thus the splemic flow
patients with portal hypertension 15 nearly twice the flow i normal cases
At superior mesentenic angiography no difference m the time for maximum
filling of the portal vemn was found between the pattents with normal portal pressure
*  and those with portal hypertension The superior mesentenc circulation does not
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have the same possibilittes of developing portocaval shunts as the celiac system The
no obvious loss of flow to shunts appears and all the injected contrast mediun
has to pass through the portal vein

Conclusions

(1) At celinc nngiography a direct correlation exists between the time for mavmn
filhng of the portal ven and the portal pressure Vasculir abnormaltties such 2
stenosis ancurysm and retrograde flow in the splenic or the portal vein hae tole
observed ind considered

(2) At supenior mesenteric angrography no correlation exsts between the in
for maximum filling of the portal vein and the portal pressure

(3) The artenal flow to the liver 1s positively correlated to the portal pressure
The hepatic artenies are widened n port 1l hypertension and the parameter for flos
veloaity ts normal

(4) A rough negative correlation exists between artenal flow to the lner and
the portal venous flow This 1s explamed by the capacity of the Wver for attend
autoregulation

(5) The splenic size 15 related to portal pressure

(6) The splenic size 15 strongly positively correlated to the transverse area of b
splenic artery, but the correlation 1s weaker to the transverse area of the sP‘fn'C":‘
A narrow splenic vein indictes early loss of venous flow in the spleme recon B
shunts for instance to the left rennl vein

SUMMARY

in
Visceral angiography was performed in 7 patients with normal portal prcasurcr:ﬂ:‘;
10 with portal hypertension Circulation times size of vessels and portal pn:ssume il
determined At celiac angtography  direct corrclation was found between "
maxtmum filling of portal ven and portal pressure provided no vascular abnorr:mo“
existed At superior mesenteric angtography such a correlation wAs not found los;mon "
by shunts in portal hypertension being, one explanatton Portocaval shunts are ¢
the celiac system but uncommon in the superior mesenteric system

ZUSAMMENFASSUNG
i
Fine viszerale Angiographie wurde ber 7 Patienten mit normalem und bei 10 PJ(ICI‘I(‘;?;:‘
erhohtem Druck 1n der Vena porta vor Zrrkul, Grosse der dcrekff
und der Druck wurden t Bet emer abd hte wurde eme di

Korrelation zwischen der Zeit fur dic maxtmale Fullung der Vena porta und dcmlgf;‘;
gefunden vorausgesetzt dass keine vaskulaten Veranderungen vorlagen Ber dur et
graphie der Arteria mesenterica superior fand sich kemne derartige Korrelation was o
Zu erklaren st dass Verlust des Blutflusses durch Shunts ber erhohtem Druck 1n dc[r b
porta entsteht Shunts zwischen der Vena porti und der Vena cava sind gewohnlic
zohakalem Svstem jedoch ungewohnlich im oberen mesenterialem Gef 1ssgebtet
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‘ RESUME

Une angiographie viscérale a éte effectuee chez 7 malades ayant une presston portale nior
Tale et chez 10 ayant une hypertension portale Les auteurs ont determiné les temps de
1rculation les dimensions des varsseaux et la pression portale Au cours de 1 angiographie
ochaque ils ont trouve une correlation directe entre Te delai d opacification maximale de fa
veme porte et la pression portale a condition qu 1l n euste pas d anomabies vasculaies Au
~ours de | angiographie de 1 artére mésentérique superieure ils n ont pas trousé de correlz
tion semblable ce qui s exphgue par une diminution du debit due A des shunts dans | hyper
tension portale Les shunts portaux-caves sont frequents dans le systéme coeltaque mars sont
rares dans le systéme mésenténique superieut
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VERSITY
fROM THE DEPARYMENTS OF DIAGNOSTIC RADIOLOGY AND UROLOGY UNIVERSIT
HOSPITAL § 221 85 LUND SWEDEN

PSEUDOTUMOR OF THE RENAL PELVIS CAUSED
BY RENAL ARTERY ANEURYSM

L Ekeuno E Bonsen and E LINDSTEDT

It s well known that normal renal arteries or their branches may bulge into the
renal pelvis and calyces causing filling defects at urography (FRALEY 1962 KRErL &
Pyie 1962 WiissLEDER et coll 1962 Baunt & GILLENSWATER 1966 GOLDSTEWN et
coll 1974) Aneurysms may also cause impressions upon the renal pelvis with sub

diff 1d

sequent p p (MaTHE 1948 GReEN et coll
1976 Bousen & Link 1977) In such cases hy 15 the d

of choice 1n establishing the correct dhagnosis Since such contrast defects may cause

confusion and the condition seems to be less well known this report appeared to be
motivated

Material and Methods

The matenal comprised 7 patients 2 males and 5 females aged 39 10 71 years
Urography and nephroangiography were performed i all patients and additional
ultrasound examination of the kidneys i 2 pateents In one pattent retrograde pyelo-
2raphy was performed as well

Results

The clinical and radiologre findings 1n the 7 patients are summanzed 1n the Table
Theee patents presented with macroscopic hematuria while only one of the patients
w25 hypertensive Two of the aneurysms were calehied At urography either a filling
deflect of or a mass effect upon the renal peluis was demonstrated m alt pauents

Submutted for publication 16 October 1978
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Table
Chinical and radiologic findings 1n 7 patients with renal artery aneurysms
Casc Age  Symptoms Caler  Urography Angiography Treatment
No and fie
sex tion
] 35 F  Uninary infection - 10 mm contrast 10 mm ancurysm  Expectaton
macr hematuna defect in R
renal pelvis
2 48 F Flank pain mild - Contrast defect Fusiform Expectdtrn
hypertension m R renal ancurysm
pelvis
3 44 F  Incidental finding + 25%25cm 25x235cm Expectaton
calaificatron aneurysm unchanget
in L hilum for 6 years
4 71'M  Macr hematuna -~ 4 ¢m mass dis Avascular mass  Exasont’
placing L renal no aneurysm thrombosed
pelvis aneurysm
5 70M L flank pain + 3 em ring Itke Shight arteriat Exm\mw'ﬂ
macr hematurra calafication m displacement thrombos
L hitlum no ancurysm ancurysm
6 39F R flank pain -~ Hilar mass partial 3 x35cm Extupa @
ly obstr infun ancurysm
dibulum of upper
polk
7 50F Angiomyolippoma - Contrast defect 18x 12 mm Luatron
1n contralateral in R renal pelvis  ancurysm
kidney

A 55 year old female presented with ncute pyelonephritts and macroscopllc ht::f‘
turia (Case 1) At urography 1 defect was found in the confiuence part of “;'(u
renal pelvis and this finding was confirmed 1t 1 retrogride pyc!ognphy] dsoul
filiing defect constituted a diagnostic problem and a tumor could not be ru ebhq\l'
angrography was carried out Selective ingiography in a p and right posterior 0lCd .
projections suggested 1 hir aneurysm which was however not demonstra "
detar] In order to better demonstrate the anatomy of the ancurysm the p,\tu:nt\cs
exanuned n the left posterior oblique projection with the beam directed 10 deE"n
cramally resulting in exact delineation of a hilar aneurysm 10 mmin drameter (Fig .

In one 48 year old woman with right sided flank pain and 1 mild h)pcrlcnsv]o“
2 hilling defect was observed at urography m the centraf part of the renal pe ‘L
(Case 2) Selective angiography demonstrated this to be caused by a Tusiform ane!
ry5:1 éFslgc:])xz 5 ¢m large rounded calaification causing deformation of the k{;
renal pelvis was incidentally found at urogriphy m a 44 year old female with bac
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PSEUDOTUMOR

Fig T Case ! a) Urography Contrast defect m conflucnce part of nght renal pelvis.

suggesting tumor b <) Selective angography of nght kidney m a p and night postenior

bl que projections Probably ancurysm m hifar region d) Sclective angiography in left

posierior oblique projection and beam direction 10 cranually The aneurysm 1s clearly
lemonstrat
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1

A

{
—_— .._\,J
a
Fig 2 Casc2 a) Filling defect in night renal petvis (=) B) Defect caused by fusiform anrunst

pain (Case 3) The suggestion of a renal artery aneurysm was confirmed at subseguert

angiography (Fig 3) Tius patient has remamcd asymptomatic and the calof
aneurysm has not changed during 6 years

Dilferential dingnostic difficulties were encountered 1n a 71 year old ma
macroscoptc hematuria and a 4 cm hirge mass displacing the left renal pelws at U
graphy (Crse 4) Ultrasound examination suggested a cyst and puncture ¥a> o
tempted However, only old blood could be aspirated why angiography was ol
formed showing an avascular miss displacing the arterics :n the muddle patt of the
left kidney The patient was operated upon and a thrombosed aneurysm extrpatel
During surgery 1t was necessary to ligate a mayor artertal branch and postoperstit
angiography demonstrated partial ifarction of the kidney (Fig 4) He has remairé

o wth

normotensive
Another thrombosed ancurysm was observed m 1 70 vear old male with flank

oscopic hematunia (Case 5 previously reporfed by LINDSTER! &
74) Conventional films demonstrated a 3 cm ring like calcification
of the left kidney deforming the renal pelvis No ango
esent except for a slight displacement of artenes

pan and macr
LUNDERQUIST 19
10 the upper part of the hifum
graphic abnormalitics were pre
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1
a
{Fig 3 Case 3 @) Urography Annular thick causing on part
11 of Teft renal pels1s b) gA’ncurysm proved by selective angiogeaphy This aneury m has remamed
1 unchanged for 6 years

<

s

-

tentative diagnosis was changed from aneurysm to cortical adenoma As mahgnant
tumor could not be excluded an operation was performed a thrombosed aneurysm
excised and the artery repaired

in a 39 year old woman with back pan urography demonstrated a hilar mass on
the nght side partially obstructing the mfundibulum of the upper pole (Case 6
previously reported by Bousin & LINk) The mass seemed to be cystic at ultrasound
but angrography revealed a 3 cm * 3 5 cm large nght renal artery aneurysm and a
smaller aneusysm on the left side The large renal aneurysm was repaired extra
corporeally by microdissection and the kidney was reimplanted in the nght pelvis

Finally in a 50-year old female with a Jeft renal angtomyolipoma a 18 mm > 12 mm
large non calcified renal artery aneurysm causing an mmpresston on the night renal
pelvis was found synch at ang phy (Case 7) Neph Y was per
formed on the left side after that the nght renal artery aneurysm had been hgated

Four of the 7 pauents have thus been operated upon while one calcifted aneurysmhas
remained unchanged for 6 years

Discussion
In a review of 50 consecutive aortographc films KREtL & Pyie found artenal
'mpressions on the renal pelvis 1n 20 per cent Al renal pelves were of the intrarenal
ype which 1s more ntimately associated with the vascular pedicle of the kidney
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Fig 4 Case 4 a) Urography Displacement of
left renal petvis b) Displaced artenes and avas
cular mass ¢} Angrographv after extirpation of
ancurysm aad arterral higation Partrilly m

farcted kedney

Thus the renal artery and 1ts branches can more easily cause impresstons on the
more BAUM & GILLENSWATIR 1n a review of 100 consecufive s
1lar impression> [
phy

pelvis Further:
of aortography and selective nephra aphy found that
the renal pelvis m 42 per cent caused filling defects a5 demonstrated 1t urogra
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and retrograde pyelography Also 1n this review all cases of filling defects due to
artertal impressions had pelves of the intrarenal type

i Another appearance 1s a discrete notch like impression on the renal pelvis which
'may closely resemable a tumor GOLDSTEIN et coll described 4 patients with such
filling defects which were smiually considered chimeally and radiograptucally to

vepresent neoplasms but g hy confirmed the vascular cause A
i:lu: ta the vascular onigm of these defects 1s often provided by the application of
s il m with graphy which tends to mintmize

or obliterate 4 vascular impression
As a rule these vascular impressions ave of no chnical significance except from 2
|differential diagnostic point of view However extrinsic obstruction of the supenior
{infundibulum caused by renal vessels producing flank pam has been described by
FRALEY
+ Filling defects of the renal pelvis caused by renal artery aneurysm may also create
differenniaf diagnostic problems This has recesved Little attention 1n the angiographic
Iterature Cases have been described by MaTHE for example where deformation
tad been onginally ascnibed to a tumor but at surgery proved to be a hilum aneurysm
{ GreEn et coll recently reported on a young female with acute flank pain and micro
1 scopic hematuna in whom a 3 em mid pelvic renal mass was found at urography
Ultrasoued n this case d two small echo free renal masses
meeting all entena for cyst while angrography revealed two saccular renal artery
» aneurysms ‘These authors emphasized that echo free renal masses are not always
3 simple cysts and that 1t 1s msufficient to rely solely on ultrasound examination A
simtlar case wag recently described by Bousen & LNk (Case 6 1 the present series)
! At urography a hilar mass was found on the nght side which seemed to be cystic
1 onultrasound At angiography performed before puncture because of the hilar loca
Gop of the mass a 3 cm X 3 S om renaf artery aneurysm was found 10 be responsible
tor the mass This clearly d the value of hy before p of
ahilar mass as aneurysm puncture obviousty would be dangerous
Aneurysms of the renal artery ustally have a hilar locatron and therefore accurate
demonstration of their anatomy mav be difficult du= to supertmposition of arteres
in such mstances the oblique w with an angula
ti0n of the roentgen tube may prove heipful as illustrated 1n Fig 1
an‘r‘\:l:r‘:‘y ;::ih‘::t}::‘b::::yz:;i dwere calm:n:d These calcifications were of the
KOuLR 1963) Poutasse (l%gs) sumas ‘S';l‘tiﬂh ey neurysn (Bomsex &
renatartery e 1802 ) bwl:a;alccf 5 c(;penencc with 57 surgical cases of
fmdings 1n 20 patients with renal arti ale‘e T {1967 seviered the
(0 were cotatin Ty aneurysms In 24 separate aneurysms 12
¢ calotied Urography was performed i 15 patients 1n 4 classieal 1
formed calcification at the renal hitum was found Some cataified anew o
aaly small calesfre deposits and may then be erroneously considerad asr}r,:::l ccoall“a;n
The common opinion 1 that calcified aneurysms are not likely to rupture (lw'::u:sl .;
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LE Vrrn 1960) while HARROW & SLoanr (1959) found the medence of ruptures
100 cases of non calcified aneurysm to be approvmately 25 per cent (one qure
of these occurred in pregnant women, indicating that the danger of rupture is s
1cant n this condiion) One of the present calcified aneurysms (Case 3) has b
followed for 6 years and has remuned unchanged as considered at repeat urographis.

In 5 of the present cases the renal artery aneurysm was readily demonstraed ¢
angiography However, 1n cases of completely thrombosed aneurysms ansioersp*
m1y only show 1n avascular lesion with displicement of vessels 25 1n 2 of the presn
cases (Nos 4 5) In such cases angiographic differential dragnosis mncludes cwtor
avascular tumor and exploration may be necessary in order to reveal the true nr
of the lesion In Case 4 ultrasound examinatron suggested a cyst thus makine thy
case similar to Crse 6 Renal artery aneurysms must therefore be included m thed!
ferentinl dingnosis of echo free renal masses as has already been emphasized w
GrreN et coll and BoustN & LINK

SUMMARY

Urographic abnormalities causcd by renal artery ancurysms are discussed on the l:ﬁ
of swven cases Angiography s the dragnostic procedure of chorce to make the co‘
d In cases of completely thrombosed ancurysms 1ngiography may only demom':':n
an avascular mass with displacement of vessels At ultrasound examination renat &
aneurysms should be included n the dilfcrential diagnosis of echo free renal masses

ZUSAMMENFASSUNG

Anhand von sieben Fallen werden dre Befunde diskutiert dtc ber der urogws}&ﬁ:’g‘
Untersuchung von Patienten nut emnem Ancurysma der Niereparterie zur dT;AnW
kamen Die diagnostische Methode der Mahl zur korrekten Dragnosesteliung it et
graphie Ber Vorliegen emes vollstirdig thrombotisierten Aneurysmas kann ]Slccmng
Angiographie 1usschliesslich etn avashulirer raumfordernder Prozess mit Ver ?Nﬂtﬂ
nachbarter Gef wse finden Ber der Ultraschalluntersuchung soliten Aneurysmen ¢! e
arterte 1n dic Differentraldiagnose echofreier raumfordernder Prozesse der Nicte el
werden

RESUME

g
Les auteurs étudient les anomalies urographiques causées par les anévrysmes de X‘a:uur
rénale en se basant sur sept cas L angtographie est la méthode diagnostique du cho‘\a“ .
{atre un diagnostie correct Dans les ¢as d anévrysme complétement mrombostdes ‘;b
graphie ne peut mettre en evidence qu une masse avasculaire avee déplacement St
seaux Au cours de lexamen échotomographique on devrait nclure les anéviys
1 artére rénale dans Ie diagnostic différentiel des masses rénales non échogénes
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Lt VEEN 1960), while HARROW & SLOANF (1959) Tound the mcrdence of fupture »
100 cases of non caleified neurysm to be 1pproximately 25 per cent (one quir.
of these occurred 1n pregnant women mndicating that the danger of rupture 1s s
teant n this condition) One of the present calcified aneurysms (Case 3) has ber
foilowed for 6 years 1nd has remaned unchanged as considered 1t repeat urographs

In 5 of the present cases the renal artery aneurysm was readily demonsieada
angiogriphy  However, in cases of completely thrombosed areurysms aneoxzh
may only show an avascular Jesion with displacement of vessels as n 2 of the preet
cases (Nos 4 5) In such cases angrogeaphic differential dragnosts tncludes st
avascular tumor and explorition may be necessry in order to reveal the true ntie
of the lesion In Case 4 ultrisound examination suggested a cyst thus making ¢
case sumifr to Case 6 Renal artery aneurysms must therefore be mcluded in thed/
ferentinl dingnosis of echo free renal masses 15 has already been emphasued t
GRrEN et coll and Boissen & Link

SUMMARY
Urographic abnormalitics caused by renal artery ancurysms are discused o the wj
of seven cases Angiography 1s the diagnostic procedure of choice to make the :v{:‘
diagnosts In cases of completely thrombosed ancurysms angiography may only dfml{’“:m
an avascular mass with displacement of vessels At ultrasound exanunaiion renat
ancurysms should be inciuded in the diffe 1d of echo frec renal masses

ZUSAMMENFASSUNG
-ographt <ttt

Anhand yon sreben Tullen werden die Befunde diskutiert die ber der bl el
Untersuchung von Patienten mit emem Ancurysma der Niercnartenie zur dnxe o
kamen Dre dingnostesche Methode der Mahi zur korrekten Dragnosesteliung md\ fop
graphic Bey Vorliegen eines vollst irdig thrombotisierten Aneurysmas kann ‘5‘ erung b
Angtographie ausschhesslich emn avaskulirer raumfordernder Prozess mit Verl Jd:rN\th
nachbarter Gefasse finden Ber der Ultraschatiuntersuchung solifen Aneurysmen ce! o
arterte 1n dte Differentialdiagnose echofreier raumfordernder Prozesse der Niere el
werden

RESUME
de Larte®

chort po¥
1

Les auteurs étudtent les anomalies urographiques causées par les anévrysmes
rénile en se basant sur sept cas L angtographie est la methode diagnostique de o
faire un dragnostic correct Dans les cas d anévrysme complétement thmmbcvséd Sms
graphie ne peut mettre en évidence qu une masse avascularre avec déplacement L:“
scaux Au cours de 1examen échotomographique on devrart inclure tes anévryst
1 artére rénale dans le diagnostic differentiel des masses renales no CIEEiHCS
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Lr Vren 1960) while HARROW & SLOANF (1959) found the mcidence of ruptur
100 c1ses of non calafied aneurysm to be approximately 25 per cent (ons quiz
of these occurred i pregnant women ndicating that the danger of rupture s sm'
cant mn this condrtion) One of the present calcifted aneurysms (Case 3) his b
folfowed for 6 years and has remuned unchanged as considered at repeat uroeraphrs |

In S of the present cases the renal artery ancurysm was readily demonsiraied2 ‘
angrography However in cases of completely thrombosed neurysms anetogra b
mav only show an wascular lesion with displacement of vessels as i 2 of the preer
cises (Nos 4 5) In such cases angiographic differential diagnosis sncludes aste
avascular tumor and exploration may be necessary in order to reveal the true nate
of the leston In Casc 4 ultrasound exapunation suggested a cyst thus makine the
case stmilar to Case 6 Renl artery aneurysms must therefore be ineluded m thedd
ferentil dingnosts of ccho free renal masses as has alreidy been emphaszed B
GrirN et coll and BoustN & Ling

SUMMARY

ms are discussed on the b
f chone to make the @™
phy may only demonstfat
renal arter

Urographic abnormalities caused by renal artery ancurys
of seven cases Angiography 1s the diagnostic procedure o
diagnosis In cases of completely thrombosed ancurysms ungrogra
an avascular mass with displacement of sessels At ultrasound examynatton
ancurysms should be included in the differential diagnosts of ccho Free renal masse

ZUSAMMENFASSUNG

der urographn<it

Anhand von steben Failen werden dic Befunde dikutiert dic bet 7 e

Untersuchung von Patienten mit emem Ancurysm der Nierenarteric zur Dai \
hamen Dic diagnostische Methode der Mahl zur horrekten Diagnosestellung ist dre /\";
graphic Bet Vorliegen encs vollstardig thrombotisicrten Ancurysmas Aann sich &t
Angiographic ausschliesslich ein avashulirer raumfordernder Prozess mit Verlagerus
nachbarter Gelisse finden Ber der Ultraschalluntersuchung sollten Ancnrysmen drt Nm:
arterie 1 dic Differentialdiagnose echofreter raumfordernder Prozesse dur Niere enbeie

werden

RESUME
s étuchent les anomalies urographiques causées par les anévrysmes de lartt
cas L angrographie cst fa méthode diagnostique de chos® o
faire un diagnostic correct Dans les cas d anévrysme complétement thrombosé lang
graplie ne peut mettre en évidence qu une masse avasculaire avec déplacement des V3
seaux Au cours de 1 cxamen échotomographique on devrait inclure les andéyrysmes
I actdre rémale dans le diagnostec différentiel des masses rénales non échogdnes

Les auteut:
rénalc en sc basant sur sept
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“Table

Compartson bet een endsscopic and radhol gl { ndingt of the
sromach

Endoscopy  Radiology

Falseneg  Fakepos

e —

Stomach
Uleer 9 e 1
Scar 8 2 [}
Casanoma 2 0 1
Polyps 14 3 t
Duodenum
Ulcer 7 o o
Saar M 1 o
Total +» 7 3

* Idenuficd at retrospective examnation
7-

Radsologic ersor fate o

3 10 pee eent

20 panents with butylscopolaminbromide (Bulamin Medica) 20 me mtravenously
and 1n the rematader with glicagon (Glucagon Novo) 1 mg intravenously The con
trast mediem 50 to 90 m! Barytgen de lute (Fushimu Pharmaceutical Co} was
mtroduced wa the tube The air was pumped using 2 rubber pump unul the disten
sion on fluoroscopy seemed to be sufficient and the mucosal folds had disappeared
The patient was turned on 2 hornizontal couch from side to side for good mucosal
coating Films were obtained in prone supine and erect positions Exposure times
were automatically adjustied and the tube potential was 90 KV

The radiographic findings were classified according to the endoscopic results as
{a) fabe negauves pathologic findings at endoscopy not observed at radiography
or {b) false positives pathologic radiographic findings not found on endoscopy The
finat results were analysed with uniform criteria alter the whole serjes was completed

Results

The films were evaluated to determine the quality of the examination (good
adequate poory The followng critera were apphied appearance of the areae gastricae
{Fi; 1) flocculation of the contrast matenal arr bubbles and possible poor dem
onstration of the duodenal bulb The results were good 1n 84 cases and adequate
1B cases In 2 the arene gastricae were not visible air bubbles disturbed 11 examina

» Nons and sausfactory films of the duodenal bulb were not ohianed 1n 3 cases
Flocculation occurred 1n 2 cases The of the end

f
pIc and radiolog



FROM THE DIPARTMENT OF DIAGNOSTIC RADIOLOGY UNIVEIRSITY CENTRAL HOSHTY,
SF 00290 HLLSINRI FINLAND

DOUBLE CONTRAST EXAMINATION OF THE
STOMACH COMPARED WITH ENDOSCOPY

P khrro H Suoranta, T Inaminrand E MELARTIN

The double contrast examination introduced by Japanese authors 1s beme !
crensmgly used for the examination of the stomach The method 15 especially seastné
for evaluating the gastric mucosal lestons and early malignant gastnc tumour
(SHiRARABE 1972) Its advantages have been reported 1n many articles ard ¢
diagnostic ccuracy has been clumed to be better than i exanunations itk ﬂ':
conventionl barum technique However, MONTAGNE et coli (1978) found almod
the same rate of errors i both the conventional and the double contrast esam®
tions »

In the prospective series now reported the results obtuned by double con'r
examination of the stomach were compared with the endoscopic findings The s
were inalysed without knowledge of the chnrcal or endoscopic data

Matenal and Methods

The material consisted of 102 patients 1dmutted to the gastroenterologic depart
ment nt this hospital Cases for the roentgen examnation were chosen before endc;
scopy which was performed usmng the end viewing Olympus GIF K p2ot D
panendoscope The radiopraphy was carried out on the following day .

The double contrast exanunation was slightly modified consisting of nnsogasm‘
ntubation and hypotonta Possible secretion was elininated before the contfs
medium was mtroduced Hypotoma of the stomach and duodenum was achreved

Subrutted for publicatron 31 October 1978

Acta Ra liologica Diagnosis 20 (4979) Fase 5



DOUBLE CONTRAST EXAMINATION OF THE STOMACH 765

n the films Thus last group of polyps was excluded from the comparison because a
\[ferentiation between these small polyps and small atr bubbles was uncertun

False posttive findings occurred 1n 3 cases In one casea radiographically sugeested
astric ulcer was not observed at endoscopy In the second case a scirrhous caronoma
\as swegested on the basis of a constant antrum nerdity in the films However
sopsy showed atrophic gastritis and at a later radiographic examination the stomach
panded 1n the third case a suzgested polyp of over @ § em 1n diameter was probably
v thick mucosal fold

A few of the onginal reports led to additiontl examinations The rebabiluy of
-ndoscopy based upon radioeraphic findings was not tested However one sug
sested duodenal ulcer could not be confirmed at end because the end
21 mot pass the pylorus In another case an ulcer scar i the fomix was at first not
located at endoscopy but at a second endoscopy the scar was confirmed

Discussion

In the past few yeats endoscopy has become a well-established procedure for
B the upper g: ! tract G py has tnd d that the con
ventional banum method may be a y poor p dure for ach ¢ the cofrect
lizgnosts Conventional radiography has been shown to be erroncous n 20 to 30
per cent of cases (CorvoN 1973 LAUFIR et coll 1975 STenpER et coll 1975) causing
some endoscopists to doubt its value (KOBLER et coll 1976) However greater ac
curacy has been achieved with the double contrast examsnation Most reports on
the accuracy of the double contrast exanunation are based on a retrospectine analysis
The present investigatton 15 a prospective one and the results have been analysed
without knowledge of other data A stmilar criucal tvestipation has been made by
MONTAGNE et coll A serious disadvantage of this type of companson 1s that the
accuracy of one method radiography 1s tested by another method endoscopy The
evaluation of the two methods should be based on a third objective test The radio
loic error rate of the double contrast exammation has been estimated to 6 to 11
pec ceat (LAUTER 1975 LausER ¢t coll  HERUNGER e coll 1977) and in the present
ﬂp?rl 1tis 10 per cent In the present series based on endoscopy possible erroncous

at end may have il the results In addition
the pa
copust had all the clinical and previous radiol i before the ‘g oy

In contrast to the radiologist ”

de::::s;lhc :ouble contrast method even minute mucosal abnormalities can be

romons ::{ti\ 1 contrast to the conventional banium examination e g early gastric

mthod u;mn& Tcuikawa 1974 Kooa et coll 1975) With the conventtonal

P :;z o e‘:; a;e not observed In the present senes polyps over 05 em n

e ::\:Z l}; 2 ::]:1:3:17]:2 ;mafxller(;;olyps were difficult to distinguish from

of antifoamin;

This can be avosded by adding extra simethicone Ii:ﬁ;;:::):fr it:rllr:rsx:a?l‘:!;ll;:

s
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Fig 1 Fig 2

1y, 1 Areac gastricae of the antrum well demonstrated as arc two polyps .
Fig 2 Postenior wall of the fornix sith mucosal folds comverging upon an ulcer scar Ml F
crostons in the lower part of the stomach (=)

findimgs 1s presented detarl in the Table According to the endoscopic [mdmfls
totl of 7 per cent false negatives and 3 per cent false positives were encountered!
the serses Identicnl results were obtuned on endoscopy and radiography 10 90 p
cent of the cases Thus the radologic deviation from endoscopy w1s 10 per cert
The false negatives were the following, One ulcer (malignant at biopsy) and
ulcer scars were not demonstrated with the double contrast method However at
retrospecttve eximination of the films the ulcer and one of the scars were lden"“:
they had been overlooked at the inunl reporting Of the 14 polyps found at ead
5 em in digmeter 11 were itially observed and the remainder Tet!

scopy over ¢ i
less than 0 5 cm n diameter 14 were found at endoscopy 30

spectively of those
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SUMMARY

The results of the double contrast examination of the stomach in a senies of 102 patients
=re compared with the findings at endoscopy Nasogastric intubation was sed to n
oduce the air into the stornach Hypotoma was achieved mataly with glucagon The radio-
gic errot rate was 10 per cent consisting of 7 per cent false negatine and 3 per cent false
sitive findings The diagnostic advantages of the doutle contrast technique over those of
\¢ conventional barium examunation are discussed

ZUSAMMENFASSUNG

Die Resultate von Doppelkontrast Untersuchungen des Magens wurden i einer Sene
on 102 Patenten it den Befunden der Endoskopre verghihen Eine nasogastrische In
ubatton wurde verwendet um Luft in den Magen cinzufuhren Hypotome wurde haupt
achlich mit Glukagon erreicht Die rontgenologische Fehlerrate betrug 10 Prozent be
tehend aus 7 Prozent falsch negativen und 3 Prozent falsch positiven Befunden Dic diagno-
tischen Vorteile der D Techmik ber denen der hnlichen Banium
Jntersuchung werden diskuliert

RESUME

Les auteurs ont comparé les résultats de ) examen en double contraste de 1 estomac sur
une série de 102 patients asec les résulfats de § endoscopie s ont utthise 1 intubation naso-
gastique pour introdurre 1 air dans I estomac Ils ont obtenu 1 hypotonie gastrique Je plus
souvent au moyen du glucagon Le taux d erreurs radiologiques a &té de 10 pourcent con
sistant en 7 pour-cent de faux négatils et 3 pour-cent de faux posifs Les avantages diagnos

tiques de fa techmgue en double contraste sur ceux de §examen baryté tradionnel sont
etudiés
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1s of grent importance, because some of them can be or become malignant (Rostn
& Noto 1966) A clear correlation between the size and the shape of polyps ar*
therr malignancy has also been noticed radrologically (SHIRANABE) Possible mahienan
features of the leston must be demonstrated both on profile and en face viens Wi
the double contrast method erosive gastriis may also be diagnosed (Fiz %) The
TRAGARDH ¢t coll (1978) demonstrated complete gastric erostons i 21 of 3o
with 1 time span of less than one month between radiography and gastroscopy and
1n 4 of 13 cases with a time span of 1 to 3 months On the other hand smallsuls
erostons not associated with surrounding mucosal swellng usually go uanoteed
Multiple, inear or rod shaped ulcers are well demonstrated by the double contvs
method (BLoos ct coll 1977 PorLach et coli 1977) Also postoperative stomacls
can be more accurately examned by this method than with the conventional banim
technique (GOLD & SEAMAN 1977) Acute upper gastromtestinal bleeding may bt
more precisely located by using the double contrast than the conventional bamt
technique (STEVENSON ct coll 1976}

Hypotoma 1n conjunction with the double contrast method has clear advaniae
(HCRLINGER et coll ) It prevents the contrast material from passtng 100 early to e
duodenum tnd 1 spism c1n be differentiated from 1 true wail lesion The drues o2
also reduce the gastric secretion The side effects of glucagon are few and therelor
1t can 2lso be used on out patients (MILLIR ¢t coll 1974) The amount of @’u‘““?
sufficient to produce gastric hypotonia ts somewhat less (0 25-0 50 mg) than ¢
amount used 1n the present sertes (MakeLa et coll 1978) e

The gaseous distension of the stomach must be in proportion to the size Ob‘w
stomach By sucking the contrast medium through a straw with holes cno\mm
may be carried with the medium mto the stomach (MoHAMMED & Hearous | 4
Powders or pills containing sodium brcarbonate release carbon dioxide whea M
1cid 15 used The amount of air in the stomach s best controlled by 2 nasogai(;’
tube LINTOTT et coll (1978) suggested the following measurements as mdnca\mﬂ
a good distenston  gastric fornix 10 cm corpus 7 cm and duodenum 4 cm Howed
the gastric volumes vary and the amount of ur must be 1dyusted mdnvnduﬂi)}'] W

The diagnostic accuracy of the double contrast examination of the stomac l’l,o\\
most authors supposed to be supertor to the conventional banium examination e
ever MONTAGNE et coll still recommend that both the conventional and the do\lbk
contrast exarunation should be performed It has been suggested that the dov
contrist method should be a primary examination even 1n rovtine work (HN\ht
AnprRson 1976) If necessary the eximination may be completed by gvmg o
patient thinner barum sulfate and thereafter exposing extra films Using 2 n?rm
gastric tube possible secretion can be removed from the stomach and the exam b
tion can be performcd under better control However c1rbon diowde relersing P
or powders 1re more convenient for the patient and less tme consuming
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INFLUENCE OF CONTRAST MEDIA OSMOLALITY
ON ISOLATED RABBIT HEART PERFORMANCE

S BonGran G Baim F Cucaint M ot Dovato and O Vistou

. Previowsly (Di Donato e coll 1978) the effect of contrast media an the cardiac
contractility in the dog has been reported Hyperosmolic contrast agents increased
the contractility This effect could be related either to the arculatorv disturbances
occurring after the tjection o to an intrinsic effect of these agents The increase 1n
contractile indsces {Vee max Vmax) strongly suggested that an effectne anerease in
contractile force occurred

The experiments now reported were carned out 1n 1solated rabbit hearts working
in 1sometric cond tod

whether the I eirculation had any in
fluence on the contractihity increase In order to evaluate the sigmlicance of hyper
osmelality on notropic fesponse two contrast media were compared the first
commonly used (Urografin 76 ) the second a new nontonic low osmolality
medium (fopamidol 370) Contrast media were also injected tn some hearts perfused

with Prapranolol and Cimetidine to evaluate the possble role of catecholamines and
histarmune release on an mnotropic effect

Matenial and Methods

Twelve 1solated rabbet hearts perfused by the Langerdorl techmaue were used

The rabbits weighing 2 to 3 kg were killed by a. sharp blow on the head Theirhearts

were rapidly removed mounted on a Langerdorf! petfusion apparatus and 1mme
Submitted for publication 15 September 1978

At R bgc D g 200979 Fase 5
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INFLUENCF OF CONTRAST MEDIA OSMOLALTY

Table (cont)

m

lucose solution same osmolahity as

Glucose solution same osmolality as

Jrografin 76% Topacudel 370
o
3asal 0-30s ® WS Rasal 20-0s 60903
alue value
439 3 67 433 390 471
=39 - 5 +44 *37 +3$ +39
184 0.9 1433 1316 1.7 1410
19 63 +98 +80 *66 9.
493 8 510 406 17 539
77 +3 ¢ +82 *77 +38 +87
00 3670 9603 6333 5617 Ie
2433 +733 +637 +413 +798 4502
57 340 661 527 463 87
27 6 +38 Eaki =23 47
991 0. 1283 e 87 1011
49 +104 +88 57 469 *70
Table 2

Diffe ences between the maximum changes induced by the various substances L} SP=left ventriculor

V2 systol ¢ pressure HR heart rate CPP~ coranary perfusionp essure F test

n s =not sgmficant

-p<005

*=p<00!

¢ Topamidol-~ Urografin glucose  Jopamidol-glucose
Urogralin solution with same  sotution with same
osmolahty osmotatity
Lysp Decrease 1143 47ns 372ns
Increase 1003 325ns 308ns
HR Decrease 115ns 107ns 139ns
. Tncrease 175ns 432ns 127ns
crp Decrease 435as 308ns 155ns
aP dt Decrease nn 453ns Tins
< Increase 1007 403ns 319ns
o Ve Decrease 1o 408ns 397ns
; Increase s 4.5ns 3%8ns
Venax Decrease o3 437ns 485
Increase nn 395ns
PR

275ns
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Table 1

Mean basal talues + SE and maximun changes obserted at 20 to 30 5 and at 60 to 90 s afur e 1y
Jor each substance and for each parameter LY SP=left ventricalar systohe presstre HR Far
CPP = coronary perfusion pressure Patred Student s f test *=p <005 **«p~001 *** p<id

Urografin 76° Topamudol 3/0
Basal 20 30s 60-90 s Basal 20-30s ©Ns
vatue value
Lvse 435 126 543 451 389 e
+32 +10%* 450 +40 138 49
HR 1138 1026 nry 1207 1051 1’73
+69 E5Te* +77% +76 68
crp 545 162 496 559 253 57;'
+71 1347+ +78% +78 1500 §
y
dr/dt 7457 2561 10036 6932 530 4. »7331'
+408 1110 7450 +421 +272 &
3]
Vee max 5717 216 734 558 456 !
+26 1210t +46°* +24 2200 -
- . - ]
Vimax 1004 376 1354 985 n6
+56 a5 +69* £53 £70 -

drately perfuscd through the aorta with the following solution (mmol/l) Nﬂg lg(:z
KCl 268 CaCl 2HO 17 MgCl 6H O 099 N2HCO, 393 NaH(P ‘d h
glucose 555 The perfuston flud was hept at 37 C and continuoustv per ;“‘ -
with O The solution had pH 74 Pcrfuston was provided by 1 penistatue P
(Watson Marlowe MHRE 22) at 2 ratc of 16 to 18 ml/mn ot
A fiwd filled balloon (FALLIN et coll 1967) was inserted mto the left ven o
chamber for pressure recording (on 2 Statham transducer P23Db) dunng 1sowS o
contriction Furthermore another pressure transducer (Statham P23Db) W S
nected to the side arm of the perfusing cnnula for coronary perfuston pre
momtoring o
Both pressures were recorded on * HP 7702 B The left ventricular pi
were then stored on an nalog tape recorder (HP 3960) for successive €on
P 2100 computer )
a":.llilesl:r':);;r}n{ (CoLra et coll 1974) provided on a plotter ind on a line pnnlf:u‘t“
following parameters heart rate, left ventricular diastolic pressure left vemrw
systalic pressure dp/dt and contractile indices (Vee max and Vmax from deve

e cunts
tnuovs

TESSUTe, 1
P The fillowmg substances were mnjected directly into the perfusing cannula

"
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Fig 1 (For kgend sce oppostte
24mn page)

—2030s ——— 60908 —

c

Statistical anabysis A paired Studentss t test was done 1n order to compare the
, changes between basal values and the maximum effect observed in all parameters
after each mjection (Table 1) and a vanance analysts was performed in order to
evaluate the sigmificance of the difference between the cardiovascular changes n

- duced by Ioparmidol Urografin and their 150 osmolal glucose solutions
Three different analyses were performed between the two contrast media and
between each contrast medium and its 1so-osmolal glucose solution For each analysis
a randomized block factonal design 2 x 2 was assumed  the substances as first factor
the base-effect association as second factor This analysis provided three F tests and

because of the equality of the basal values only the mteraction of the factors was con
s sidered {Table 2)

Results

s Theexamined parameters were not changed by the perfusion fluid {2ml) exceptfor

'¢ 3 ansient mcerease 1n coronary perfusion pressuse and for a small increase 1n left
v ventricular systolic pressure present only dunng the perfuston penod (20 s)
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+10 ATy, ol
= x
0 N
-y
~10 & =
Fig 1 Chinges m per cemt b

(mean values) at 20 10 30 s at
601090 sand at 3 (o 4 mm from

start of mjection a) Left ventrs 10
culr systolic pressure b) Heart
rate <) Coronary perfusion
pressurC d) First dervative of
kit veatricular pressure  ¢) ~204
Shortening veloaity of the con

tractile clement extrapolated to

zero loyd from developed pres 4
sure —  Urografin 76
Topanudol — — Glucose solu 60

tion with same osmolality as
Urografin - - Glucose solu
fion with same osmolality as
Jopamido? —20 30, 50 90s

¢

Jémn

volume of 2 ml (a) Urogrifin 76 ° (Schering Mitano Italy sodwum and m;g)ll;’jlf‘
dratrizoate) 370 mg I/m! viscosity 8 6 cp osmolality 1 770 mol/kg H O { ‘ m:u»
nudol (FLLDER et coll 1977) (Braceo Industria Chimica Milano Italy a0n7‘;6 it
water soluble contrast medium) 370 mg I/ml viscosity 8 6 cP osmolality el
kg HO (¢) Glucose solution having the same osmolality as Urografin anu\d
glucose solution having the same osmolahty as Topamtdol and () pcr!usw: nal

The solutions were neutralized 2t pH 7 4 with NaOH and myected m eich Ccp“
37 C 1o randomized order the time of 1njection was 20 s and the yections wer

n mterval of 20 mn

foﬁzds;vr::'el (;ose of the two contrast media was also 1dmunistered 1 3 h::lrlfsus;:)fn
fused with Propranolol (1 pg/ml) and 10 3 with Cimetrdine (1 png/mi) The pcrw“
of these substances was continuous nd the injections of contrast media were s

10 min after the onset of perfusion
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Fig 1 {For legend see opposite
I4émn page)

—200s

60905 ~
<

Stauspical analystis A paired Student's Liest was done tn order to compare the
chanees between basal vatues and the maximum effect observed s all parameters
- after each imjection (Table 1) and a vanance analysis was perfosmed n ordes to
evaluate the sigmificance of the difference between the cardiovascular changes i

4 duced by Joparudol Urografin and their 150 osmolal glucose solutions
¥ Three different analyses were performed beiween the two contrast media and
¢ between each contrast medium and its 1s0-osmolal glucose solution For each analysis
arandomized block factorial design 2 X2 was assumed the substances as hirst factor
the base-effect association as second factor This analysis provided three F tests and

¢ because of the equality of the basal values anly the mteraction of the factors was con
3 sidered (Table 2)

-~

Results

-

The examined parameters were not changed by the perfusion flud (2 ml) except for
# 8 iransient increase s coronary perfusion pressure and for a small increase n fefg
ventncular systolic pressure present only during the perfusion peniod (21 <}
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Sgu2 Example of the effects induced by the injection of the various substances a) Purfusion nma‘
b2 rografin 76 ¢} lopamidol 370 d) Glucose solution with same osmolality as Urogal ‘,
ucose solutton with same laiity a dol Left v lar systolic pressure {top) 3"
coronary perfusion pressure (bottom) Arrow indicates start of injection

The effects observed with the various substances appear in Figs 1and2 T
coronary perfuston pressure after an early transicnt increise due to the meciod
showed 2 marked decrease which reached a maximum 2t 20 to 30 s after the start
the injection Simultaneously the left ventricular systolic pressure decreased marke™y
both with Urografin and with 1ts 150 osmolal glucose solution, while i shuhtl¥
decreased with Tapanudol and with the glucose solution having the same osmoldlih
Small changes n heart rate but no changes in left ventricular drastolic pressure &
curred i 1ny of the experiments

A decrease in dP/dt 11 Vee max and in Vmix was also presen
lower with the Jow osmolihty substances (lopamrdol and its 150 osmo

¢ which was mi
fal gluot

solution Table 1) The coronary perfusion pressure tended to rcturn to contr?
tevels whereas all the other parmeters still incrcased with 4 maxumum at 6010903
(Ure

This increase was significantly higher with the higher osmolality substances
grafin and 1ts 150 osmolal glucose solution Table 2) The basal levels were alway
reached within 3 to 4 min The motropic stimulation mduced by contrast media w2
unaffected in the hearts perfused with Propanolol or Cumetidwme (Fig 3) The &l

ferences between the changes mduced by the two contrast media were statisticalh
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Fig 3 Changes indu~d by -
yecuon of Urografin 76 on
Ieft ventricular systolic pressure
and coronaty perlusion pres-
sure a) Before and b} dunng
T

puiGN ] perfusion with Cimendine 1 5 g/
N T e e
b

sigmficant whereas the differences between the changes induced by a single contrast

medivm and the respecinve plucose solution were not statistically significant (F test
Table 2)

Discussion

The results show that after the injection of contrast media or of hypertonic solutions
the same changes 1n cardiac contractihty were observed in isolated rabbit hearts as
had been shown n dogs

Following a depression of left ventricular function supported by the decrease of

indices a f h of cardiac force was ob
served HaiDu (1953) Kock WEsER (1963) BRowN et coll (1965) WILDENTHAL et
<ol {1969 a) and RoserTs & HuGHEs (1977) have found experimentally that changes

n plasma or perfusing fld osmolahty may nfluence the contractility erther in
creasing or decreasing 1t
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Kock WESIR reported that mcrcasing osmolality of the perfusate up to et
levels crused 1n merense of contractility ; night atrial strips of hittens buta fur
ncrease 1n osmolality was assocrated with a decline of tension WiLdenTHaL etol
(1969 b) reported similar results in papillary muscie from the right ventricle i thec.
and Roprrts & HUGHES tn spontancously beating rabbit atrra HAIDU desorbed 1
mcrease 1n tension following perfusion of hypertonic substances n & semt isometn
frog ventricle preparation

NAYLIR (1961) reported that the reduced amplitude of contractions oceurmns 0
perfusion of 1solated ventriculir muscle in Ringer s solution made hypestome by
addition of sucrose was rapidly followed by states of tetanus and of contractt™

In the present expertments only minimal changes 1n contractility occurred withth
lower osmollity agents lopamudo! having half of the osmolality of Uroerafn pr
duced a lower decrense 1nd 1 lower increase 1 contractility than Urografin Asirl
result was obtuned comprring the glucose solution tso osmolal with Iopaaude! il
the one having the same osmolahity as Urografin

The differences between the changes mduced by Iopardol and by Uromﬁnv\t;‘
statistically significant whereas the differences were not significant between 3 1%
contrast medium and the respectie tso osmolal glucose solutron

The results indicate that the observed changes in contractility are due to the by
tontcity of the substances employed even the changes i perfusion pressure seemtobt
caused by the hyperosmolality of the agents This effect suggests 2 rcduclwn:
coronary resistance and 1s 1n 1greement with the increse of coronary blood flow d
served 1 vivo by BassaN et coll (1975) and WILLERSON et coll (1975) after to "’J"[
tion of hypertonic solutions Since the effect was sumilar for alt the subsm“’:1
cannot be directly wfluenced either by the 1odine component of the contrast medi2
by Na+ jons which are present only m the Urografin molecule

At present the mechanism invohved in the enhancement n contractility obscr; .
not clear Many hypotheses hive been suggested such as (1) an increase 1n calu '
concentrition of the muscle fiber (hock Wrstr) (2) a release of Ca(euhahmn‘t;
within a certan range of osmolality (WiLpENTHAL ct coll 1969a) (3) 'xsnmulmot\i
H, histiminergte receptors which 1s known (BroapLry 1975) to produce a1 m:; o
wnotropic effect on 1solted rabbit heart Histanune 1s known to be n:le:ls:‘)1
chenmeal agents i contrast media (ROCKOTF et coll 1970 1971 Lutt et coll 1 .

In order to test the last two hypotheses the same dose of the two contrast media®
admimistered 1 hexrts perfused with Propranolol and with a chssical H recepto!
antagomst Cimetidine but the 1notropte sttmulation was unaffected

edn

Conclusion The observed changes m contractility following the mjection of con‘
trast media appear to be inked to hyperosmolahty The mechanism of action 1 “:‘
completely clear However the increase in contrictility ys probably not ducdd
catecholamines or histantine release future experiments will be performed i o
to elucidate the role of calcium 1 causing thes effect

1,
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- SUMMARY

— Alow osmolality contrast medium (topamidol) caused less cardrac disturbance on isolated
\bbat heast than a hugh osmolality medum (Urografin) The same effects were snduced by
1wcose solutions 1s0-osmolal with the two media After perfusion with Propranolo) (1 nel
1ty and Cimetidine (1 ¢ g/ml) the observed effect was unatiered

ZUSAMMENFASSUNG

-« B K 1 mut nedoiger Qamolalstat (| 1 hte genngere Verdnde
" ungen am isolierten Kamnchenherzen als das Mittel mit hohee Osmolalitit (Urografin)
" Jie glerchen Effekte wurden durch Glukoselosungen soosmolal mit diesen bexden Matteln

rervorgerufen Nach Perfusion mit Propranolol (1 7 g ml) und Cimendine (3 7 gimb) war
- fer beobachtete Effekt unverandert

RESUME

Un moyen de contraste 4 faible osmolalité (Topamidol) a causé momns de trouble cardiague
ur le cour i1sole de lapins qu un moyen de contraste A forte osmolalité (Uregrafin) Les
memes effets ont été produits par des solutions glucosées 1so-osmofaires avee ces deux

moyens de contraste Aprés perfusion par Propranalol (1 7 g/ml) et par Cimetidine {; g'ml)
“les etlets observés ont ét inchangés
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ANGIOGRAPHY, ULTRASOUND AND FINE NEEDLE
ASPIRATION BIOPSY IN THE LVALUATION OF
GYNECOLQGIC TUMORS

S KArLssov and P H Perssoy

Ovaran carcmoma 13 @ common mahignant disease affecting relatively young
women The 5 year survival rate of patients with ovarran carcinoma s discou

ragingly
low despite reftned operative techmiques and tmproved rrad and herap
1t 15 essentiaf to have a precise preoperative diagnosts 3f the survival rate is to be
tncreased Therefore a of d hy and fine needle

aspiration biopsy was used 1n an attempt to mncrease the exactness of the preoperative
diaenosis and the results are now reported

Material and Methods

During a 3 year period 63 women aged 29 to 76 without previous history of
gynecologic tumors were referred to the Department of Gynecalogy and Obstetrics
betawse of a palpable pehvic mass The presence of a tamor was confirmed by an

I and graphy was then 1 all patients

All patients were d with the d B scan techmque (Kretz Techme
Combison 11) with ther urmary bladders filled Transducers of [ 225 and 4 MHz
Were used The tumors were evaluated i respect of ther size shape nature (solid of
43¢} and site (utenne or extrantenine left or nghy sided) Auempts to ditierentrate
between malignant or benign tumors by means of yltrasound were not made

Subtmitted for publication 27 December 1978
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Fine needic aspiration biopsy of the tumors guided by ultrasound was perfors |
on 26 of the patients The cytologic examinations were done by a cytoloestande
rent cytologic criterit on malignancy were used

Lumbar 7ortography was performed with a pigtail catheter with six sid oy
OD/ID 2 2/t 45 mm The curve of the catheter was placed at the Jevel of the e’
lumbr vertebra to demonstrate the origin of the ovanan arteries and ghea !
view of the vascular supply of the tumors The contrast medum Isopaque Corer
was myected 1t a rate of 20 ml/s to a total of 30 ml The films were exposed 813
rate of 2 films/s for 3 s nd then [ film/s for 6 scconds If an ovarsan ateryonet
side was wide enough, re 1to 1 5 mm i drameter a selective cathetenzation oltit
artery was attempted with the technique previously reported (kauy & Fratis 19
FRATES 1969 NORDMARK 1977) The catheter had OD/ID 2 2/1 45 mm with the tp
tapered to the size of 1 guide wire of 0 635 mm (0 25 ch) m diameter The conlrd
meditm was 1nyected by hand using 4 to 7 ml depending on the size of the vesd
The films were exposed 1t a rate of | film/s for 12 seconds

Bilateral selective mternal thac angiography was then performed one senes wih
the ray direction 3° cramially and another with the ray directed 30 cqudally to albv
stereoscopy The catheters used had the same size as mentioned but without !J’Pﬂf"
tips The contrast medium was ingected via 1Y connection at a rate of 15 mlsli‘
total of 20 mi The films were exposed at 1 rate of 2 films/s for 2's 1 films fer 44
and then I film cvery other second for 8 seconds

Lumbar aortography and selective bilnteral internal ihac ngio,
formed 1n all 63 patients Selectnve catheterization of the ovanan artery W2 .
tempted late and in the present series only 4 selective ovarin angiogriphies a; !
cluded The tumors were considered malignant when pathologic vesscls were tm
onstrated 1¢ tregular vessels of different calibers not normally occurnng o
sites of the ovares £ the o

All patients were operated upon and the stze, shape site and ongin of th "
were established and correlated to the preoperitive cxammAations Al operd
spectmens were evanuned microscopiclly

graphy were p
y 2l

Results
e of women ™

The postopertve diagnoses are given m Table 1 The werage ag
sons 57and

malignant tumors w1s almost the same as for women with bemga fe:
years respectively »

Fibromy omas (18 patients median age S5 years) Ultrasound suggested an €N
ment of the uterus or 1 solid tumor in direct connection with the uterus 1t 150 )
pattents with myomas (Tble 2) The correct size nd shape were predicted ]ﬂLv
cases In 2 patients the origin of the solid tumors w1s not established and one stalk
mustaken for 1 solid ovieitn tumor

myomt w1s
y raphy the diagnosis of fibromyoma was made tn 17 of the 18 patiel

At anglogl
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13 1 Bilatoral soternal thac angiography a) Easly b) fate artenal phase Enlarged myomatous
werus Uterwae acteries (| latramural myomas (—}

Table 3 Fig 1) One patient had besides the diagnosed fibromyoma a fesion with

sathologic vessels at the site of the left ovary which was suggestive of an ovanan

arcmoma At operation this proved to be an old inflammatory lesion A large
* talked myoma was erroneously considered to be an ovanan carcinoma

Fine needle aspiration bropsy was performed on 3 patients and no malignant cells
“wtse observed {Table 4)

Bemgn ovarian cysts (17 patients median age 55 years) By ultrasound 14 cases of
simple cysts two endometrotd and one dermoid cyst were correctly diagnosed regard

Table 1
Postoperative diagnoses and 31 € of tumors
Final No of Largest diameter of tumor
diagnosis cases
<5cem 6-15cm 16-30cm
Fibromyomas 13 - 16 2
. Benign ovanan cysts 17 6 g 3
~ Qvaran caranomas e 3 11 6
Tomors of possible
malignancy 6 1 s —
Sactasalpuas, 2 1 1 —
Total 63 n 41 1
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My T o 1

¢

~ g ———
r o

i 2 Ulirassound transversal At
the top the extended unnary bladder
(B3} To the ryht of the uterus (U)
a4 cm simple ¢yst (C) On the left §
stde 1 normal ovary (O) &

g their size and shape (Fig 2) Two cysts were constdered to be solid tumors T
origin of two lirge cysts Nlling most of the tbdomen was not possible to delnmm:

Angiography determuned correctly the ongin of the cysts 1 all cases {Fu L
Pathologic vessels were demonstrated m only one patent where the wscu\am)‘m
gested malignncy i 1 small area 1t the site of the left ovary At operation
proved to be necrosis of fatty tissues (Table 3) -

Fine ncedlc aspirition biopsy was performed on 7 women (Table 4) The ma! i’
obtuned was not sufficient to allow a proper diagnosis m any of the cases
n 4 1t was possible to assume that the lesion wis bemign

cnoms
Otarian carcmomas (20 patients median age 57 years) In 4 pattents car

were present in both oviries
Table 2
Ultrasound refiabiity

Postoperative No of  Suuand  Correct diagnoses regarding
diagnoses cases shape —_—
uterine/  solid/ right/

extra cystic el

uterne suded

Fibromyomas 18 18 15 18 -
Bemgn ovaran cysts 17 17 17 15 5
Qvarian earcinomas 20 20 19 20 4
Tumors of posstble

malignancy 6 6 5 6 5
Sactosalpinx 2 2 2 2 2
Total 63 63 58 61 36

T
tuy
i
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Ay

! phase
12 3 Bemgn simple cyst 6 cm mn diameter at the site of the left ovary a) Early artenal pl

-eft uterme artery (+~) and its ovanan branch (—) supplying the tumor b) Capillary phase Size
d shape of the eyst visible due to accumulation of contrast medium i the wafl of the cyst

Table 3
Angographuc eeliabil ty
Suze No of Duagnosis
{em) cases
Correct  Erroneous
Fibromyomas
<5 — — -~
6-15 16 15 1
16-30 -
Total 18 17 1
Bemgn ocar an cysts
<5 6 6 -
6-15 8 7 1
16-30 3 3 —_
Total 17 16 1
Orarian car inomas
<5 3 2 1
6-15 un 10 1
16-30 5 1
Teotal 0 17 3
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Fig 4 Ultmisound transversal
Ovanan carcinoma on the npht
side The tumor consists of a
solid part (S) 1nd a cystic part
©)

Ultrasound suggested the correct stze shape and nature n all patients but ¢
where 1 solid ovarin tumor ws erroncously constdered to be 2 fibromyem “1
side of ongin could be deternuned m 14 patients (Fig 4) Carcinom?s i m:nm‘)
normnl stze were present 1 2 women with bilateral carcinomas and these smt
tumors were not observed o

At ingiography the ongin of the tumors was correctly dingnosed n 19 6a:¢s o
malignant tumors were crroncously considered to be bemgn since 10 pathe o
vessels were demonstrated In one woman the angiography was Iater rcl“'““d 2
this second time pathologic vessels were found (Table 3) §d

Fine needle 1sprration biopsy was performed on 12 patients (Table 4} In .
thesc the correct diagnosis of ovarian carcinoma was reached n 4 the draanoss ¥
cither benign or the mternl obtuned did not allow proper evaluation

d demonstrated 1<

Tumors of potcntial malinaney (6 patientsy)  Ultrisoun ered

tumors correctly concerming size shape and nature tn il women but on¢ »
solid ovarin tumor was constdered to be 1 fibromyom?

Table 4
Results of fine needle aspiration biopsy 1n 22 cases

No of Notcon Conclusne

cases clusive
Fibromyomas 3 3 _
Bemign ovarian cysts 7 3 a0
Ovarian carcnomas 12 4 8

* Benignancy established but not the exact type of tumor
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hy d d pathologic vessels in 2 of the cases while the other 4
¢ congidered to be bemgn
“ine needle aspiration biopsy was performed tn 4 patients and malignant tumor
s were found 1n 2 of them the same two women 1n whom angiography dem
Arated pathologic vessels The other two speaimens contained no tumor cells
wating mahgnancy At mucroscopy no obviously mahignant cells were found n
se cases

Inflammatory lesions (2 patients) Ultrasound demonstrated a cysuc tumor In 2
tents with sactosalpinx

Ansmography showed pathologic vessels at the site of the ovanesin these patients
t because of a remarkably rich vasculanty with accumulation of contrast medium
t previously observed tn caranomas these lesions were correctly considered to be
lammatory

Regarding all kinds of tumors taken together ultrasound could differentiate be
\een extra OF wtrautering tumors 1n 90 per cent of the cases Dilferentistion
atween cystic and sohid tumors was possible in 3 shghtly higher percentace and
etween right or Jeft sided tumors 1n 80 per cent of the patients (Table 2)
Angiography could determine the onigin of the tumors extra or intrauterine left

7 nght sided 1n 95 per cent of the A correct d betwern
aaliznant and bemgn tumors was obtained 1n 90 per cent if the two tumors with un
ertam p m which ang hy and fine needle aspiration
#opsy quoted mal are dered mal and the other 4 bensgn Attempts

© differentrate between cysbic and sohd tumors anpographically were not made ¥n
? cases the tumors were erroneously considered malignant and 1n 3 bemgn

Fine needle aspiration biopsy was performed on 26 patients Malignancy was cor
rectly diagnosed 1n abowt 60 per cent of the examinations wcluding the 6 cases with
tumors of potential mahgnancy

Two patients with bilateral ovarian had at op a
tumor on one side and on the other the ovary appeared to be normal but at mit.vo-
scopy carainoma cells were found Netther tumor nor pathologic vessels were dem

onstrated by ultrasound or angiography on the side of the macroscopically normal
ovary

Discussion

For confirmation and evaluation of the findings of bimanual pelvic examination
ultrasound has become a most vatuable mstrument Few other methods offer the
same amount of formation as safely quickly and rehably as ultrasonography The
i;;t::nc: or absence of a tumor can be determined with high accuracy (Sunpen
o KoBAvASHI 1976 Levi & DerLvar 1976} The correct descripion of a tumor

reference o its size shape site and nature (cystic or solid) can be achieved in

about 80 per cent of th
lorgy e cases {MORLEY & BARNETT 1970 Cocurane & THOWAS

501795333



786 $ RARLSSON AND P H PERSSON

Ultrasound per se cannot discr between malig and bent n proo s
(DoNALD ct coll 1958 Tuouisos et coll 1966 Rratocuwit 1970) althou ke,
complexity of the ultrasound appcarance correlates with the degree of malimamy
The demonstration of multilocular cysts with solid papilary everescences imeet.
or diffuse tumor capsules ascites etc, may ndcate a malignant process Hows~
1t should be emphasized that no specific proof of mahignancy can be made b
sound 1t the present ime Other hmutations also exsst it ts often difficulttoc’
ferentiate between vanous types of tumors although attempts have been mal b
evaluate the acoustic propertics of different tissues (TAcHtucH! et coll 197 1emd
KruraLz 1976) Even the origin of the tumor can sometimes be difficulrto b
Solid tumors 1n connection with the uterus are most often fibromyomas A oie®”
partly cystic tumor s probably of an ovanan ongim

When Iarge and non circumscribed tumors are present 1t may be difficult o de
mune the onigin of the tumor With the proper appreciations of these fimie >
ultrisound s still sers helpful i the preoperatine evaluation of pavie turon b
complementary methods for a correct final dingnosis are needed Fin needle aypit
tion bropsy may offer such 1 possibility (MJZLLGREN et coll 1968 1971) Thev?
of ths method c1n be increased if gurded by ultrasonography whereby the b ;‘
can be taken from destred parts of the tumors Thns method 15 hovever ot
ably hnmted by the fact that a negatne bropsy does not exclude maligaancy
druwbach mught be the risk of cell dissemmation wh=n cysts are punctured ¢

During the st two decades the accuracy of angrographic diagnosts has P 0“\
Improvement of the 1ngrographic technique such as superselectne cath tenzd l:m
pharmacoangrography and magmification has contrbuted to the proaress A‘:”
graphy stll phys 1 subordinate part 1s 1 dingnostic method 1n gynecoloaic disor ;
Up to the present time gynecologic tngtography has mostly been Timited to ca G
of the cervix and 1ts recurrence to the dingnosis and the result of treatme

tdiform mole 1nd the dingnosis of placenta praevia (BORELL €t coll !
BREIT 1967 LAathROr & FRATES 1970) The standard angiographic techm .
was aortography but the results were not too convincing {BORILL et colt N
1955 FrrwstROM 1955 BRom Ssiirir 1971) Bilateral selectnve angiography 0’6‘;
internal thac arteries hs improved the diignostic possibilities (ALTEMUS 1968 l91
The value of selective catheterizatton of the ovanan artery in patients with peb
tumor has 1lso been ponted out (hAUN & Fratrs Fratrs LATHROP & FRATIS)

In the present series 11 was possible to diffcrentiate angiogriphically betee
mahignant and bermign lestons to a high accuracy if the tumors excecded 410 Sem
diameter Two benign lesions were erroneously constdered to be mahgnant due
the presence of a concomitant inflammatory process In 20 patients witha M roseof
diagnosts of ovinan carcinoma pathologic vessels could not be demonstrated it
one of which had a severe atheromatosis the other 2 had normal yessels butt
vascular supply of the tuntors could not be demonstrated

The combination of ultrasound and angiography proved to be a most satuat

Anottt

nt of v
9 19
g U
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ocedute The evaluation of the size shape and nature of 3 tumor can cauly be
~monstrated with ultrasound but seldom at angiopraphy alone In patients with
nple cysts or an enlargement of the uterus due to fibromyoma ultrasound alone
1n most cases sufficent to exclude malignancy Angiography not only proved to
valuable 1 differentiating between malignant and bentgn tumors but was also
ry rehable in disenminating between myomas and ovanan tumors However none
+ the myomas in this serics was smaller than 5 em Fine needle aspiration biopsy
oved 10 be of additional value 1n the dragnosis of malignancy but was less helplul
hen the tumor was bemgn
| by the use of and fine needle
pieation biopsy the morphology and pathology of ovanian tumors can be deter
Ined 1n most cases and these tumors can be differentiated from other pelvic tumors

b d h

fn

SUMMARY

The comb of ! and fine necdle aspiration biopsy proved
3 be saluable in the preoperative €valuation of patients with a palpable mass Veith ultra

ound the size shape and or,in of tumors exceeding 4 to 5 ¢m in diameter were correctly
ruagnosed whereas angiography differentiated better betwcen malignant and benign tumors

ZUSAMMENFASSUNG

Die K von A hie 1

und Fein Nadel Aspurations-Biopsic
rwies sich als brau hbar bei der praoperatinen Beurteilung von Pattenten mut ctnem pal
~ablen Tumor Mit Ultraschall wurde der Sz, die Form und der Ursprung des Tumors
der 4 bis 5 cm n Drameter uberschreset korrekt diagnostiziert wahrend durch Angto-
zraphie besser zwischen maligren und bensgnen Tumoren differenziert werden kann

RESUME
L del de | et de la biopsie asprration avec
une atguille fine s est montree utile pour | etude pre-opératoire de malades ayant une masse
Palpable Les ultra sons de farre le carrect des d delaforme

e Lonigime des tumeurs dont le diametre dépasse 4 3 § cm alors que 1ang

10graphie a
¢ permss de mieux fawre difference entre tumenrs malignes et tumeurs bengnes wer
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RADIOLOGIC ASSESSMENT OF LARYNGEAL
CARCINOMA

. A chinico pathologic comparison based on whole organ
serial sections

J Otorsson and H S3RIER

For a correct classification of laryngeal carcinoma and to ensure the best planning
of the treatment carclul delineation of the tumour 15 essential The extent of the
tumour 15 assessed by chnical endoscoptc and rad h {uicc

11973

In a previous prospectne series of laryngeal carcinoma (Ororsson & SGnER

1977) the radtographic mlormation yielded by conventionat hilms tomography and lar

. Y1gography was compared with the findings at microlaryngoscopy It was concluded

3 that the sarious types of are 1!
4

“

E

p 'y and that radi hy 15 1n
for the and ¢l of Jaryngeal Lar h:
s #ith a gosive contrast mediam was found to be supertor to comventional fiims and
t for d )
Y

pl of th antertor commssure and for detecting
minor subglottic extension of the tumour to the infenior surfac of th= vocal cord

Radiographic techmigues apphed 10 the examunation of faryng=al carcinoma
were discuss d 1n the previous report and 1t will suifice here to recall a few of the
more sahent poats

Radiography was used by ScHEER (1899 1901-1902) 1o demonstrate osssfication
wziyﬂgcal cartilages THOST (1913) applied radiographic techmiques to laryngeal

Subtmitted for publication 14 December 1978
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pthology MaGuIRF (1966) troduced the high voltage techmque with hen
filtrition which represented an mmprovement of the comentional exammt)
Tomogriphy wis used 1n the late thirties by GussETT (1937) and Lesorgaz (19
Laryngography wis mtroduced by IGtaurr i 1926 and th technique was futh
devetoped ind its value confirmed by Powrrs et coll (1957 1961, 1963) Lasous
(1970) describ~d the techmques 1nd the applictions of hiryngouraphy and er
hiryngography Xerordiogs iphy depiets the soft tissuns of the larynx (D1 Guotidy
& Currumtno 1975 Savutr 1975) but ss inferior to Liryngogephy tn thisrep !
(HrwinassoN & Loty 1976) The ossified pacts of the lacyngeal cartilie sa
visible and any tumour 1y 1sion cn bz detected lthough 1t th risk of errore
evaluition of the imiges (NATHAN et coll 1977)

The microlryngoscopic techmique cvoled by RLEmsssstr (1968) has 01
widely rdopted ind his 2 vanety of applicitions (KLIINSASSLR 1976)

Whole organ sert il scctioming enables a determmation of th= growth of atu
within the hirynx and of the diffcrent modes of cartilige myasion and tumod &
outside the Itrynx (O101ssoN & vAN NosTRAND 1973)

Few compansens of ridioge tphic 1nd nucroscopre {indings in larynz al carem
have been reported At the M D Andersson Hosprtal topographic compansom
hve been performed between tomogriphic appe wrane~s ind obsers itrons of \\hoi7
orgn hryng~1l sections (FTETCHLR ot coll 1954, MicCous & TuTCuR 1987

HoLtz et coll (1963) compared the findings 1t Jaryngography with the ¢
pathologic findings n surgicl specimens 1n 1 sinular retrospeing analyss Jrom
the sme centre (St Louts) 1n asscssment was mde of the tccuricy of inn &
graphy for selecting patients with carcinom of the supriglottic Iirynx and of th
pharynx for conscry itive surgery (Poriz et coll 1968) 4

Compnison of riudiogriplic ind nucroscopic findings using who! organ $ ®
sectionmg was mde by OLOFSSON ef coll (1973 1 1975) and by HoyvricH {18

The previous report (OLOISSON & SOKILR) Ins now been supplement dwith?
compinson between the preaperitive chmci) issessment on tha basis of rﬂdl:
graphy nd hryngoscopy and the findings w Liryngectomy specimiens using ¢
techmque of whole organ sectiomng

s

mf

i

Materral and Methods

" opnraltd

The present prospective series comprised il 33 pitients who have beel D ot
osp!

upon with partal or totil laryngectomy for laryngeal erranom 1t this
over a 6 year pertod from I'ebruary 1972 to Janurry 1978

ettt

Defimtions The regrons of the larynx were defined in nccordance with the ¢ '
5 Wli

adopted by the Union Intermitionate Contre le Cancer (UICC 1973) The region
the sies recognized are 1S Tollows
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Regions Sites

(1) Supraglottis
Epilasynx including margmal Postertor surface of supra hyoid epiclot
2008 us including the tp
Anyemglotuc fold
Arytenoid
Supraglotts excluding eprlarynx Infra hyord epiglotis
Ventricular bands ([alse cords)
Ventnicular cavities

(2) Glottis Vocat cord
Anterjor commissure

Posterior commissure
{3) Subslotus

The delimior's agree with those Tormulated by the Amencan Jomt Commuttee
LAJC 1972) and with the agreements Teached at the Centenmal Conference on
Laryn eal Cancer held 1w Toronto (1974) the ghottic region was defined as embracing
the free margin and the horizontal sutface of the vocal cords and the antertor and
posterior commissures

All the were classified ding to the UICC and A J C definitions
The mamour (T) classificaion may be summanzed as (ollows

T1 Tumour limited to one region normal moblity

T2 Tumour invohing more than one region no evidence of deep invasion
T3 Tumour lumited to the larynx fixatton for instance of the vocal cord
T4 Tumour extending 1nto cartilage or beyond the larynx

These deliunons apply to a chmcal evaluation before treatment In the
microscopie appratsal the conus elasticus was taken as the boundary b tween the
glottie and subglottic regtons a horizontal Line through the lower lateral angle of
the ventnicles was taken as the border between the glottic and supraglottic regions
(OLoFssON & vAN NoSTRAND OLOFSso et coll 1973 b Fig 1)

All but one of the 33 patents comprising the matenal were men The age range
was from 43 to 76 years

For all the T1 and for most of the T2 tumours the pumary form of treatment
%as wradiation surgery bemng reserved for recurrent or restdual tumours Of the
glote tumours 2 were removed by parual vertical laryngectomy and one by an
anterior commussure techmque For one T1 supraglotte tumour {the female patient)
Preoperative 1rradsation was given before 13! h

lary
For most of the T3 and T4 tumours combined therapy was used Ppreoperative
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pathology MaGuirt (1966) wntroduced the high voltage techmque wih b1

fitratton  which represented an improvement of the comventronal evammt

Tomogriphy was used in the late thirties by GUASETT (1937) and LEsorGre (19 |
Laryngogriphy was introduced by IGLAUER mn 1926 and the technique nas furb

develop~d and tts value confirmed by Powers et call (1957 1961 1964) Loaw
(1970) describrd the techniques and the applications of larynzography ando

hryngogriphy Xeroridiography depicts the soft trssus of the larynx (D1Guu mv
& Chirumno 1975 Swiuir 1975) but s wfenor to ltrvngography t thi gt
(Hrsmingsson & Lorrorit 1976) The ossificd parts of the larynseal cartlaest
visible and 2ny tumour invasion ¢an bz datected although at th sk of enor

cvaluttion of the 1images (NATIAN et coll 1977)

The microliryngoscopic technigue cvolied by kriississrr (1968 has b7
widely adopted ind his 1 vanety of applications (KLeNsasser 1976)

Whole orgn senal sectiomng enables 1 determimation of th growth of 2 um
within the lrynx and of the diffcrent modes of cirtilage rvaston nd temed gl
outside the lrynx (OLoIssON & van NOSTRAND 1973)

Tew compansons of ridiographic 1nd microscopic findings m hiryne af caromt
hive been reported At the M D Andersson Hosputal topograplic compirs™
have been performed between tomographic appearancas ind obseriattons 0 whe
orgn tiryngenl sections (FLETCHLR et coll 1954 MicCoup & FLrvchi® 196

HoL17 ct coll (1963) compired the findings at Iryngogsiphy with the &7
pthologic hindings 1n surgrcll specimens In 2 stmular retrosp ctive analyss fre
the sume centre (St Lours) n assessment wis made of the accuracy of ]-‘UY"":
graphy for sclecting patients with carcinoma of the supraglottic laryn¥ ang /¢
pharyny for conservative surgery (PLrrz et coll 1968) d

Comparison of radiogriphic ind mucroscopic findings using whol mmnsﬂ‘
sectioming was made by OLoISsoN et coll (19731 1975) and by HO““ER’C"“W

The previous report (OLOISSON & SORILR) has now bren supplemented i
comparison between the preoperative cliucil issessment on the basis of 13 [f
graphy and Taryngoscopy, and the findings 1 laryngectomy spectmens usint !
technique of whole organ sectionng,

U

Material and Methods
The present prospective sertes compnsed 1l 33 ptients who hive been op ra':;
upon with ptial or total laryngectomy for laryngenl carcmoms at this hosp

aver 1 6 year period from February 1972 to January 1978

Defuntions The regions of the l1rynx werc defined 1n accordance with the enter*
adopted by the Umon Internationale Contre le Cancer (UICC 1973) The regions anc
the sttes recognized are as foliows
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Table 1
Type of wmour ond sreatment

Ppmary Combined Recurrent
surgery therapy tymour

Glors SAET0om 4
Supraglotuc caréinoma

9 10

7 3

_ Lunear fomography was carried out with the patient n the supine posinon The
cposure anole was 30 and the exposure time 0325 A mult section tassetie and
t tube potential of 70 to 90 KV were used Exposures were made dunng quiet
spiration and duning phonation

Laryngography was petlormed by the method describ=d by Lanpuay The contrast
\nedium was aqueous Dionosil The exposure data were the same as for she
‘\on\enuonal itms and exposures were made during the same respiratory Mmanoeuvres

i

¥ Birect laryngoscopy was performed using \hie op pe as d bed
9y KLensasser  For sunveying the valleculae pinform sinuses postcricoid region
wd larynx an ordmary laryagascape (Reeckee) was used The subglotte region
and the rentncles were also mspected wah a 90 optical instrument

Bhole organ serial sectiomng The surgical specimen was cut open posteriorly
‘and photographed and the extent of the tutnour was recorded The specumen was
then processed and senal sections werte cut paraliel 1o one of the thres planes of
the body chosen as offéring the best possibility of determining the tumour growth
and for compatison with the radiographuc findings

Compartson The mucsoscopic findings were used as a basis for asezstaming the
wents of o and lar m g laryngeal All
Preoperative chmeal data required for the companson were recorded without
knawledge of the microscopic findings

The follawing dered to be of

for classil an
prognosis were chosen namely the anterior commussure the subglotte region nng
the laryn.eal ventncles the oropharynx (vallecula= and base of tongue) and the
taryngeal cartilages The smplcations of vocal cord fixation were agprais~d and
acompanison was made between the classification based on the laryngoscopic finds
alone and that based on the b o e

of lary py ang

Results

The results are presented i Tabl
es 2 10 8 The values include def
probable fimdimgs the fatter are placed m parentheses fine and
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Fig 1 Laryngeal regions as defined mycroscopreally Coronal
sccron Mavimum extent of a tumour confined to the
glottic regron (hatched area) Supragiottic extenston {cross
hatched aret) Subglottic extension below the conus elasticus
(stippled area) C«cricord cartilage T = thyroid cartilage

irradiation (40-46 Gy} followed 4 wecks later by surgery In 4 patients the prioary
treatment was surgery (Table 1) "

In 13 patents i operition was carried out followng farlure of arradiue
within onc year in 8 patie its while in 5 patients the mtervenng pertod ranged fo®
14 months to 8 yeurs

Exanunation procedure

Following 1 tentative dingnosis of laryngeal carcinoma based ©of yuerel
laryngoscopy, radiologic examinations were performed before the microlaryngoscopy
and biopsy 1n order to avoud interfering ocdemn disturbing the evaluatton of prims?
abrormahties

Contentional flms A high voltage techmque (135-150 kV) with | mm Cu filtration
was employed Exposures were made duning quret mspiration phonation, ispiraio?
phonation and the Valsalva manocuvre (expiration against closed lips and nost)
One lateral view was exposed at 70 KV i order to examune the ossified parts o

the laryngeal cartilages
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_Fig 2 (For legend se opposite page }
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Table 2

Imoliement of the anterior comnussure

Insolvement demonstrated Correct
Con Laryngo  Micro-  assessment
ventional graphy  laryngo  (radwography
films scopy micro-
Taryngoscopy)
Demonstrated in
whole orgn sections 19 6(1)* @ 16 18
Glottic carcmoma 17 6(N* 1303)* 15 17
Supraelottic ¢carcinoma 2 1 1 !
Not demonstrated in
whole organ sections 14 1% 2 12
Glottic carctnom 6 jhdd pisd 4
Supraglottic carcinoma 8 3

* Patients with probable mvolvement that are included m the preceding figure
** Onc patient had mvolvement of the anterior commussure before irradiation no residual b
was present at this location at surgery

umour

Anterior comnussure woliement (Table 2 Figs 3, 4,5 7,8 10 1) can best be
evaluited At Inryngography (o some cxtent also on conventional films but not at
1p tomography The normal Inter 1l laryngographic view exposed durtng mspuration
usually depicts a shight dorsal bulging of the soft tissues within and below the
anterior commussure When the anterior commussure was mvolved by the tumout the
bulge was more promment and the mucosa usually irregular

Anterior commussure mvolvement was mrcroscopically evident 1n 19 farynge
spectmens It was found before operation in 18 patients 1n 14 at radiography andn
16 t mucrolaryngoscopy The involvement was demonstrated at laryngography 1
14 patients 1n 6 of these lirge tumours with nterior subglottic extenston of
conventional films In 2 patients with tumour growth bencath an ntact overlying
mucost the antertor commussure involvement was assessed at laryngography but
not at microlaryngoscopy

ctom)

Fig 2 Large tumour of the left hemilarynx confined to the larynx no cartilage mvasion (P::,
mary surgery ) Arrows indicate tumour a) T y ap view b) Lary hy pa "‘m
<) Laryngectomy specimen opencd posteriorly The exophytic tumour smvolves the left vocal cdop
with supraglottic and marked subglottic extenston d) Coronal section through the nuddle thr &
the vocal cords The tumour 1s approaching but has not mvaded the thyrord (T) or the cricord
cartitage THY =Thyrord gland
Comment The lower border of the tumour 1s cloarly indicated m the films but what inf;'rhs
border 1s 10 fact normal tissue that has been displaced by the tumour Althoug

e upper
:gcb(cu;:ourpl?ns produced distortion of the Ieft piriform sinus no evidence of mucosal mvolvement
was found at microscopy
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Table 3
St bglottic dmolcement
Iavolsement demonstrated Correct
Con Tomo- Lanyngo- Micro-  assessment
ventional graphy graphy  lanngo-  (radiography +
films. wopy  mkro-
Taryngoscopy)
Demonstrated in
Atiole organ sections 0 17 17 13 18 20
Glotti, carcinoma 19 16 16 17 17 19
Supraglottic carcinoma 1 1 1 1 n 1
Not demonstrated in
whole-organ sections 13 30) 1 4@ 8
Glotuc carcinoma 4 0 i 3@ 0
Supraglotuc carcinoma 9 1 1 8

Patients with probable involvement that are included 1n the preceding figure
Tomography was not performed n one patient
Tomography was not performed in $ paticats

tadiologic methods In one of these pateents the subplottic extension occurred

b neath an intact mucosa and at lary bl oedema was J
while the other patient had a subglottic extension of only a few millimeters

In 4 patients with glottic and without P d
of subslottse 1o a1 the rad h

. d such an involve
ment In 2 of these the d

hlms and lar e
Probable involvement as did tomography 1n the third patient Laryngography alone
indicated subglottic mvolvement 1 the fourth patient in whom previous 1rradia

ton had resutted m subglottic asymmetry which accounts for the erroneous rmter
Pretation

Inolcement of the larvngeal ventricles (Table 4 Figs2 4 5 8) In assessment made
on conventional films and tomograms the ventricles that were partly and symmetr
cally filled with air were considered to be unaffected by tumour Asymmetric partial
filling was taken as evidence of mvasion Bilateral absence of ajr filling was recorded
3 probable involvement (Table 4

At microscopy evidence of

ventnicular 1nvolvement was found
all cases 1t was d d

1n 20 specimens In
ly m 18 lar imvolvement was
observed at laryngoscopy and 1n the 2 others 3t was demonstrated by all the
radilogic methods However these fadled to dus

sclose a small supraglotty

C extension
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Ty 3 Earge tumour with extensive destruction of cartilage and spread outside the Iar{,’;‘czcr:rﬂ‘
tined therapy ) a) Conventronal film lateral view Destruction of the thyrotd C“"‘k‘g“ e tumour
section of the laryngectomy specimen close to the antertor commissure. Arrows i %-mchw
Only remnants of the thyroid ale{ T} are visible C~cricoid cartilge E =epiglotus

stoma

No involvement of the mterior commussure by tumour was found in 14 cases a;
microscopy At mucroliryngoscopy nvolvement wis crroncously recorded H: .
cises The tumour of one of these patients crossed the anterror commissure buour
regressed from preoperative teradition The other patient had an exophytic IU;nc !
which, while advancing 1s fas 1s the anterior commissure did not actu Wy involv

Subglottic mtoltement (Table 3 Figs 2-5 7 8, 10-13) Involvement of 1h:u;l::
glottic region was found 1n 20 cases il conflirmed preoperatively One larbcd "
glottic tumour involved the subglottic region (g, 3) and this w1s ndicate ({szd
the methods of examnation used Subglottic circinoma w1s correctly dmgr’ln i
preoperatively in il 19 cases of glottic carcitnoma with subglottic extenston o
patients with marked subglottic extension all the examinitions dcmonslra!f .
volvement In one patient with nunor subglottic extension involvemen et
found at microlaryngoscopy and vt laryngogriphy (Figs 12 13) and m anomls
2. both of them with a smail subglottic extension below the antertor com .
sl,lre at mucrolryngoscopy alone While microlryngoscopy fauled to show”s:hc
glottic invasion In 2 patients such mvolvement wis demonstrated 1t 2
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Table 3

Subglotnc invaliement

Tavalsement demonstrated Correct
e e e rmemmn. PICOPETALNE
Con Tomo. Laryngo- Miro-  assessownt
ventional graphy graphy  lanego- {racwography +
(iims. <opy mKro-
Ny ngow oY)
Demonstrated 1a
whole-organ sections 0 iy 4 13 131D 0
Glotuie carcinoma 19 1% 16 v 17 19
Supraghetic carnoma 1 1 1 1 Hn* 1
Mot demonstrated it
whofe-Organ seclions. 3 3 Hn 4y 3
Glotue carctnoma 4 20) W 30 o
Supraglettic carcinorna 9 1 1 8

Patients with probabtz involsement that are inctuded 1n the preceding figure
Tomography was not performed mn one patient
Tomography was not performed in § patients

radiologic methods In one of these patients the subglotin, extension occurred
b neath an mtact mucosa and at laryngoscopy subglottic oedema was sug: ested
while the other patient had a subglottic extension of only a few mulimeters

la 4 patents with glottic and without d
o' subglotti [ t the radi h
meat In 2 of these the t

p nat d such an mvohe
1 films and Jar 2 ds d
probible mvohement as did tomography m the thied patrent Laryngography alone
wdicated subglottic mvolvement in the fourth pat a1 mn whom previows wradia

ton had resulted 1 sublatue asymmetry which accounts for the erroneous inter
prefation

Imoliement of the lary ngeal tentricl.s (Table 4 Fig»2 4 5 8) In assessment made
on fitms and the

that were partly and syrametey
cally Diled with air were considered fo be ynalfected by tumour Asymmetric partial

Tlling was taken as evidence of invasion Bilateral absence of air filiing was recorded
45 probable mvolvement (Table 4)

A1 mcroscopy evidence of ventricular involvement was found 20 specimens In
all cases 1t was d 4 preop i IR ¥ lar 1ol t wag
?;Y;tl"\ed at laryngoscopy and n the 2 otvers it was demonstrated by all the

lologic methads Howeves these faied 1o distiose @ smalt supraglottic extension
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mrulryn¥ wilh
de the fany
te tumour 4

« { Fig 4 Tumour of the right hes
« | cartilge dustruction spread outst
é (Primary surgery } Arrows indical
Conventional film Interal view sussesting "‘d
vasion of the anterior part of the thyrot
cartilage b) L aryngography pa View Shallct‘a
pinform sinus €) Microlaryngoscopy Ulcerat
tumour of the right vocal cord which was fred
Subglottic bulging and the nght false cord et
hard on palpation with the suction tube
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i

Fig § Same case as in Fig 4 Coronal
sections of the laryngectomy specimen
through the antersor commussure (a)
through the rddie third of the vocal cords
(b} and through the anytenoid region {c)
The wmour 1s growing for the most part
submscosally and mnvading the thyroid (T)
and crnicowd (C) cartilazes with spread out
4ide the farynx through the thyroid cartrlage

DV SN i

antenorly {a) and through the ert othyroxd d s} c y‘ -
1

proaches the thyroid gland (THY) The M

wmour surrounds the nght prntorm sinus

(PS) beneath the intact mucosa and 1
vadin, the cricothyrord joint (¢} A

v -
¢
space laterally (b} where the tumour ap
~
antenoid carblage E - epiglottss 3

’ -
3
e 2 B
<
Comment to Frgs 4 and 5 The radiographic examintation yielded valuable information regarding

both the deep invaston and the vertical extent which was difficult to assess at laryngoscopy because
of the ma nly submucosal growth of this tumour

above the anterior commssute 1 one patient but this was demonstrated at laryngo-
1 scopy

Preoperative exammation of the laryngeal ventricles yielded an erroneous evalua
# 10nn 6 patients with glotue carcinoma In one of them mvolyement of the
* venthicles was at all m one at laryng P:

7 and laryngography m one at all the radtologic exammations 11 on
v

¢l ¥
e at both tomo-
graphy and on conventonal films i one eack at tomography and on cenven
o+ tional (ilms
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Fiy, 6 Supraglottic tumour with oro and hypopharyngeal spread (Recurrent tumour after
th Targe cavity thioss

previous irradiation ) a) Larynpography lateral view Ulcerated tumour wi 4
the cpiglottis into the valiccula and base of the tongue (~—) One aryeprglotti fold has been
stroyed by the tumour (+>) Both arytenord regions enlarged b) Sagittal section orlhelmﬂsm&ri
spectmen to the left of the midline Arrows indicate tumour 1nvading the base of the tongue 3! i
the hyord bone (H) extending along the aryepiglottic fold and surrounding the [Lft arsieoot
cartilage (A) Cw=crcord T=~thyroid cartilages

Comment The tumour cavity at the base of the tongue was not ol
information yiclded by the radiologic exammations prompted a more ex

bserved at endoscopy Tt
tensive surgical procedur

In one supraglottic carcinoma ventrscular myolvement was suggested at Jaryne
a second patert

scopy comentional film examination and laryngography and m
at laryngography alone n neither case did microscopy provide confrrmation

Oropharyngeal extenston (Trble 5 Figs 6 9) was present m 5 of 10 supraglott
crcinomas It was demonstrated in all cases on Iateral conventional fiims a0
lateral laryngograms and 1n 3 patients at laryngoscopy Of the 2 patients where the
extension was found at radiography only one had an extension to the yalteculs
beneath an intact mucost and the other had a decp tumour ulceratton 1nto the bast
of the tongue (F1g 6)

Cartilage i asion (Table 6 Figs 3-5 7 9-11) On a lateral film the antenor part
of an ossified thvroid cartilage forms a figure of 8 and distortion of this 15
suggestive of mvasion by tumour (BAcLESSE 1960)
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Fig 7 Antenor glatec and subglotuc catcinoma
with invasion of the thyrosd cartitage and spread
ousit the farynx through the cricothyraid
membrage  (Recurrent tumour alter iradia
hon ) a) Conventional fm Tateral view Ab-
senke 0 the ypper po teror part of the figure
ol & configuration of the thyrod cartilage
SuREests destruction by the tumows { =) by
Laryngography laeral wiew Tumoue at and
below the antenor commssure (=) <) Sagitta

1eNor commissure with MVASION (UPPRS BTTONY
of the thyroid cartilace (T) and spread through
e e11co Hyrord membrane (lower arrow) €

e cartilage € ~epigiotss H o hyoid bone.

Coriment  Cartilay
sugeested by the radiologic appearances

51793831

LARYDGEAL CARCINOMA

§01

gz destryction but not the spread through the cncotiyroid membrane ss
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Table 4

Intoliement of the tentricles

Involvement demonstrated Correct
preaperata¢
Con Tomo Laryngo Mucro-  assessment
sentional graphy graphy  laryngo-  (radiography
films scopy micro-
Laryngoscop}
Demonstrated tn
whole organ sections 20 19 (3)* 16(2)* 19¢1)* 18 K
Glottic carcinoma 19 4@ 13 MmO B 15
Supraglottie carcinomn Lidad 5 3 5 5 N
Not demonstrated i
whole organ sections 13 LY (0N s s 3 5
Glottic carcinoma 8o 4Dt 5 3 2 2
Supraglottic carctnom sreer 2(0* i 3

* Patients with probable imvolsement that are included 1n the preceding figure
** Tomography was not performed in one patient
*** Tomography was not performed m 2 patients
#%*¢ Tomography was not performed 1 3 patients

The thyroid and cricoid cartilages were myaded i 15 carcinomas The Ih)f"’:
cirtilage was mvaded by 10 glottic and 3 supraglottic tumours In 8 cases sﬂfc
mvolvement was suggested by lateral low voltage conventional films In 2 of lh‘;
paticnts with major destruction of the thyroid alae invasion was suggested by tom

raph
g IE (:/nc casc of supraglottic carcinomn the left major cornu of the hvoid bore \‘;‘5
destroyed by the tumour as was demonstrated in 1 Iteral conventional frim (FS .

Tomography was indicative of probable snvaston of the thyrord alae in3 patierl ’
but 1 none of these was microscopic confirmation obtamed In no case did frndin
of cartilage 1nvolvement on conventional films prove fabe

ynt
Fig 8 Exophytic glotic sub and supralottic_carcinoma mvolving both stdes of !hca;:a"’ .
(Primary surgery ) Arrows indicate tumour a) Conventeonal film pa view b) Lannsogsh,
lateral view c¢) Laryngectomy specimen opened posteriorly Exophytic tumour occupy™@ of the
and night glottic and subslottic regions and the base of the epiglots d) Coronal sccucmdS o
laryngectomy specimen close to the anterior comnussure Invalvement of both vocal Cvf‘h s
extensron subglottrally (arrows) Right lower arrow vascular mvasion outside the ¢rico! Y
membrane !
Comment The vertical extension of the tumour is demonstrated on the films but not the bilate
tumour mnvolvement nor the spread outside the larynx
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s Fiz.8 (Forlegend see opposite page )
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iy, 9 Supraglottic carcinoma with de:
sctruction of the hyard bone (Combined therpy) 2) Cerr
ventional film lateral view One major cornu of the h)ozd bone has been destroyed b} C“”n":)
hyord bon (1)

section of the laryngectomy specimen at the middle

part of the vocal cord The
on the Ift side 1s surrounded and invaded by tumour as 1s also the upper part of the 1ot thyredd
hyroid gland

ala (T} C-cnicod cartilage [ ~eprglottis $G =submandibular gland THY =t

Mucroscopie findmgs in tocal cord frvation (Table 7). Fixation of the vocal cordp

important clinieal mdication of deep tumour invision It was recorded m 14 patien’s
with glottic ctreinomis In 8 1t was the thyroid cartilage that was 1nvolved and
one of them 1lso the cricoid cartilage tlus cartilage lone was mvaded 1 anothet
2 cases The arytenord cartilage 1lone was mvaded 1n 2 cases Five glottic carcino™
with vocil cord fixation spread outside the Inryngeal cartiages

In the case of 3 patients with supraglottic ¢arcinoma the vocal ¢
2 of them with thyroid cartilage insasion

Table 5
Oropharyngeal extunsion 10 supraglottic carcinomas

ord was ed

Involvement demonstrated Correct
pmopcramc
Con Laryngo  Muro assessment
ventional graphv  laryngo (radrography *
films scopy micro-
Jaryngoscopy)
Demonstrated i whole organ
sections 5 5 5 3 5
Not demonstrated 1n whole organ
5

sections
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Table 6

Inasion of cartiloge 15 corcinomas demonstrated in whole-organ sections

tmvasion demonsteated Correct
—— ————————  preoperatne
! < T n
(lateral view 65 kV)
Tottic eatCInOma. v 6 :
Thyroud cartilage © 6
Anteriorly 4 3 3
Alae 2z
Antenaly +alae 4 3 ] 3
Cricosd cartilage 2 .
supraglottic carcioma 3 2
Thyrod carilage 3 - 1 2
Myoud bone 1 1 t

Tomography was nat performed n 2 patients

Companson bemween climcal assessmemt and microscopic findings (Table )
According to the UICC a tumour classification should b~ made b fore any kind of
treatment 1s undertaken Thus was 10 (act performed although st 1s not immediately
evident from Table 8 as for this compatison tumours recurning after irradiation
were re-classified before surgery so as to enable meanmngful companison with the
microscopic appearance In 5 of the 13 patents with recurrence this entaded a
chan.e 1n the onginal f 3 T1 glottic and one Tottic
were reclassihed as T3 tumours One glottic subglottie T2 carctnoma was re
dassified a5 T1 the recurrence being Jocahized 10 one vocat cord

No glotue tumour was classified as T4 solely on the microlaryngoscopsc findings

but radwgraphic evidence of cartilage destruction changed the classiftcation to T4
w 6 patients

On the basis of laryngoscopy 8 glottic carcinomas were assigned as T2 tumours
2 of these had an antentor glogtic subglotie extenston and 1n both of them radio-
eraphy cotrectly demonstrated anienior thyrotd cartilage destrucnon changing the
classification 10 T4 Fourteen glotue tumours were classified as T3 1n 4 of these the
radiographtc appearances were correctly suggested 10 be caused by cartilage
destruction In 6 glattc carcinomas all with vacal cord {iation 1o radwographe
indicatton of cartilage destruction existed but microscopic examrnation shawed that
2 bad imaded the cricond cartilage and 4 the thyroid cartilage Three of them also
spread outside the lasynx ly through the ¢ricothyrod or lateralt

through the ericothyroid space o
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Fig 10 Glottic subglottic carcinoma with
cartilage destruction and spread outside the
larynx (Combined therapy ) Arrows mdi
cate tumour a) Conventional film Jateral
view suggesting invaston of the antenior
part of the thyroid cartilage b) Tomo
graphy ap wew Section through the
postertor part of the thyroid flae Absence
of the internal Jamina of the thyroid ala
(+>) mot conclustve of tumour mvaston
¢) Laryngography pa view The tumourts
elevating but not obliterating the laryngeal

vensricle

L
%

N e €5,
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LV [N
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Fig 11 Same case as in big 10 a) Micro- hSEN o - X
|laryngoscopy Granulated fumoue embracing | £ T N s /;, (T,
| the full length of the left vocal cord and With Y ) = s
I subglottie extension b) Coronal section of 1 u‘ A J4
Ithe laryngectomy specimen through the 1t [
antertor comnussure The tumour has m‘;'ad;d 0 -~
the thyroud cartilage (T) spread outside the - ~ N .
larynx and invaded the muscles ¢) Coronal ~ ".x‘,// ‘ 4 e i
section through the anterior third of the vocal L3 PR 11
U cords The tumour has imvaded the thyro-  © trc\ - PR N
1 arytenoid muscle and the thyroid ala and has H [ O oS
1 extended subglattically below the conus elas N 1 ¢ TN
1 tcus C=cncod cartilage —— Al da Sew

Comment 1o Figs 10 and 11 The surface extension and invaston of cartilage was assessed before
surgery but not the spread outside the tarynx

{ On the basis of the 9 were
classified as T4 5 of these were correctly classified at laryngoscopy In a further 2
cases the classif; was improved by rad

In one of these mvasion
of the thyroid cartlage was at rad and was 1l

ti confirmed and in the other submucosal extension to the vallecula was found
J

Discussion
The results confirmed the

role of rad phy 11 the di of
laryngeal carcinoma but 1t also uncovered shortcomings of current methods of
examnation
Involvement of the anteror commussure with the attendant serous nisk of
cartilage 1vasion (Orofsson et coll 1972 Ororsson & van NoSTRAND) was
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b
Ig 12 Glote carcinoma with mmor subglottic extension amenable to partial surgery (Rewdud
tumou

after irradiation } Arrows indrcate tumour a) Taryneography pa view before irada
b) Laryngography pa vicw 3 months after irradiation " Obliteration of the Lt ventricle

demonstrited before surgery 1n all but one of the 19 patients with such mvolement
W infe involvement of the wnterior comnussure w1s not detected by microlaryncoscp
1t was jndicited by hryngography 1n 2 of the patents with submucosal growth I
IS mmportant to wdentfy the lower margm of a supraglottic carcinoma ¢sp calb
when contemplating horizontal supraglottic laryngectomy (Fig 14) The laenl
laryngographic view 1s the most informative concerning the conditton of the lod

part of the epiglottis and the anterior comnussure These parts my be difficult 1o
assess 1t endoscopy espectally 1n the case of an exophvtic tumour

Table 7

Mucroscopic findings in 14 glotne carcinomas with vacal cord fication

Microscopy No of cises  Diagnosed
preoperatnvely

Tnvasion of cartilage 12 4

Thyrowd 8 Fi

Cncord 3¢

Arytenoid 4
Spread outstde the larynx 5

* One tumour invaded both the thyroid and the ericord cartilage




RADIOLOGIC ASSISSMENT OF LARYNGEAL CARCINOMA 809

P e
vy d

? i £
N & ¥ 4
u f I ‘ % §
: |
i ! i
i
LI
5 !
¢ 40
{ vl
| i
, -
a b € ’

Fig 13 Same casc as m Fig 12 a) Microlaryngoscopy Ul-crated tumour extending over the full
length of the left vocal cord Hyperplasia but no atypra n the small lesion on the night vocal cord
b) Microlarynzoscopy 3 months alter yrradiation Slight bulging beneath the intact mucosa anterior
10 the left voval process Biapsy revealed residual carcinoma ¢) Hemilaryngectomy specimen
1Residual nests of tumour beneath an intact mucosa

In all 20 patients with subglottic extension 1t was correctly diagnosed Major sub-
rglottic extension blunting the subgl angle was d by all the radio-
graphic methods As would be expected laryngography yielded additional informa
tion on one carcinoma with a small subglottic extension to the inferior surface of the
vocal cord {OLoFssoNn & Somier) Radiography often prowvides a mare exact de

Table §

Comparison bet een ¢l meal assessment and mucroscopy

Tumour classtfication

_
T1 T2 T3 T4

Glottic carcnoma 23

Microlaryngoscopy 1 8 14
Micrelaryngoscopy =
radiography 1 6 10 6
Mucroscopy 1 6 + 2
Supraglotuc carcinoma 10
Microlaryngoscopy 2 1 2 5
Microfaryngoscopy +
radiography 1 1 1 7
Microscopy 1 9

Cassified a5 T3 bosause the vocal cord was fixed before surgory
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theramh
Fig 14 Cpiplotic to ) horizontal lar (Combx’;fe"“ﬂmppm
Arrows indicate tumour a) Laryngography lteral view The irregular tumour (;nnu,harlli‘"”‘
surface of the epiglottis has not involved the anterior commussure (++) b) Supraglo rvsbe s’
larvngectomy specimen mcluding the mucosa of the night pinform simus No ‘“mo;xd the st
preoperitive irradintion but only an excavation (arrows) Horizontal line = the luvel S
i ¢ ¢} Honizontal sectton indicated in b Residurl tumour nests beneath the intact
epiglottis FC = false vocal cord H ~hyoid bone T — thyroid cartilage

hincation of the lower border of the tumour which mav be growing beneath :
intact mucosa (Figs 4 5) or may be exophytic 1nd therefore difficult to asses> ¢!
with 90° optical instruments 1t ts thus clear that the lryngoscoptc md radioge?)
ex 1ons often compl, one another "
The erroncous radiographic suggestions of subglottic tumour (nvolvement
occurred tn patients with recurrent tumour after previous radiation therapy .
Involvement of the ventricles was correctly diagnosed preoperatively 1 3 W
patients but by laryngoscopy alone mn only 13 Also in these cases mdmgmpm
provided supplementary information but suggestion of false 1nvolvement was @

phic

mon
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An accurate dragnosts of the involvement of the laryngeal ventnel s1s crucial to the
anning of | | supragl laryng It would appear that mn doubttul
s+ this must b done dunng the op=ration

A reliable ass ssment of any oropharyngeal extension 1s also important for correct
catment planning The bas= of the tongue and valleculae should always be
Wpated preferably at laryngoscopy with the patient rlaxed und r general
ta=sthesia but even then such an extenston may be undiagnos d In 2 patents
teral 1 Gilms and laryng hy provided add ! formation
31 6) In no case did a radographic finding of oropharyngeal extenston prove to
e fals

When invasion of the laryngeal [ramework occurs 1t 15 usually the ossifi d parts
at are mvolved (OGURA 1955 KIRCHNER 1969 OLOFSSON & vAN NOSTRAND)
lecaus of the irregular ossification of the laryng al cartilag s destruction 1s difficult
o evaluate (WORNNG 1934) Howeser in men of more than %0 years the antertor
sart of the thyroid cartifage 1s usually ossified (Bactesse) and 1 lateral low voltage

1 film may be di Carulage IS most at this

iite (O10es50N & VAN NosTRAND) Moreover m Sweden laryng al carcinoma ts 10
1mes more frequent sn males than in femal s (The Swedish Cancer Registry 1973)
Ulcerat d supraglottic carctnomas may extend down across the anterior commussure
and then a tugh risk of wnvasion of the anterior part of the thyroud carulage exists
(Kirchner & Som 1971) This occurred 1n 2 such tumours in the present series

No erroneous findings of cartilage involvement were recorded on the lateral low
voltag* conventsonal films depicting the anterior part of the thyroid cartilage This
suggests that 1n men above the age of 50 a finding of cartilage involv ment 1s reliable
a conclugion that 1s consistent with the view express~d by BacLEsse who also stated
that 1 women the process of ossification occurs later and 15 more erratic Th= only

waman in the present senies had a supraglottic carmnoma with no cartilage invasion
Obviously no rad p d of does not rul - out the possibihity
of such invasion

Fixation of the vocal cord constitutes an important chncal evidence of deep
tumour invasion with a great sk of cartilage mvasion and spread outsid= the
larynx (Ororssov et coll 1973 B) ths 1s also exemplhft d 1 the pr sent s°ries 10 of
the 14 glottic carcinomas with vocal cord fixation w re found to have invad=d the
thyrad or the cricord carulage and 5 spread outside the larynx It has been stated
that supraglottic temours rarely 1nvade the glottic region (Bocca et coll 1963) but

n the present series 3 s
uch tumours extended dow
Txation m into the vocal cord and caused

‘aln the case of smaller tumours the complementary information yielded by the
crr::us diagnostic methods mught be of critical importance For exampie for one
© supraglotuic tumours the radiographic evidence of oropharyngeal extenston

l‘)':?l:lpled a change 1n the classificatton from T1 to T4 In major carcinomas th
ence of the radiographuc examination on the classification was most marked. where\
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the films indicated cartilge destruction The detailed mapping of the surface extn
sion by ridiography usually did not cause a chinge m the classification The muces!
extension can be farly accurately deterrmined before operation the honzorid
extenston by laryngoscopy and the vertical extenston by radiography Honeser Pt
methods of examination used 1n the present sertes are insufficient for detection d
deep tumour invaston and sprend outside the larynx

Conclusions

(1) In the classification of hirynge 1l carcinoma radiography should imanably b
relied upon 2s 1 supplementary source of mformation

(2) Liryngography 1s 1 more mformatine source of formation coneer N
mucosal extension of the tumour than are the other radiographic methods used

(3) Low voltage Itertl films can provide additional information resardin &
struction of nterior part of the thyrotd cartilge

(4) The examination methods used do not enable 1 correct assessmy
tumour 1mvasion to be made

ent of def
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SUMMARY

In 33 patients with laryngeal carcinonta operated upon wit
has been made of the findings yielded by radiography a
mucroscopic exanunation using whole organ serial sectioning Th
tions were conventional films tomography and laryngography Radiography supple! e
the mucrolaryngoscopy with information of clintcal rmportance Surface extension ¢ o
tumour was fairly accurately assessed preoperatively whereas deep mfiltraton was ‘
Mayor destruction of the anterior part of the thyroid cartilage was correctly diagno

n
h laryngectomy 2 comparisof

)
nd microlaryngoscopy an

nd
adiographic e
e radiograp o el

ZUSAMMENFASSUNG

Bet 33 Patienten mtt einem Karzinom des Larynx dre mit Laryng
worden waren wurden Vergleiche zwischen den Befunden bet Rontgenunter

cktomte behandet
suctunt
e

Mikrolaryngoskopie und rukroskopischer  Untersuchung  von Gesamtorgan Se:u.,n

Schmitte angestellt Die 1 logrschen Untersuchungen bestanden aus konventior o

R hungen Tt hie und Lary. hte Dre R tersuchung
oberflactt

ganzte dic Mukrolaryngoskopte mit Information von kluuschem Wert Der o
Umfang des Tumors wurde relatry gut praoperatty festgestellt wahrend die Toefenafl ?
tron nicht feststellbar war Wesentliche Destruktionen des vorderen Teiles des Thyreo
Knorpels wurden korreht Testgestelit
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RESUME

Sur 33 malades attemnts de carcinome du larynx et operés par laryngectonue les auteurs
nt compare les resultats de la radographee de la mucrolaryngoscopre et d¢ 1evamen
croscopique utihisant les coupes serides de L organe entier Les examens radiographiques

nt ete les hies simples Ia hie et la hie La radioaraphic a
ompleté la microlary en des d intéret chinique L ex
nsion en syrfzce de la tumeur a été assez avant 1 alors

{ue ] nftranon en profondeur ne 1a pas eté Les destructions importantes de la partie
intérieure du cartilage thyroide ont é1¢ diagnoshiquées correciement
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INFLUENCE OF MICROSCOPIC MOTTLE ON THE
DEFINITION OF SMALL IMAGE DETAILS

K Seu~ and S REICHWANN

In an excellent monograph Rose (1973) stressed that the resolution of an imazing
system 1n certain cases depends on  the limitations 1mposed by a fimte number of
photons rather than on the less fundamental imitations imposed by the finite geo
metnc response of the system  ROSE was mainly concerned with conventtonal TV
systems However accumulatmg evidence appean to indicate that w clinical radio
graphy the ultimate it for recording small details of low contrast may be set by
the background noise caused by the fmite number of roentgen photons necessary for
a proper exposure of a given film or scteen film combination (STERNGLASS et coll
1975) When the speed of a screen film system 1s increased fewer roentgen photons
usually contribute to the image and at least for a high speed system 1t might well be
questioned whether the number of rmage forming photons 1s so low as to yield a
noise imiting resolution as descrihed by Rose Certam observatans tndicate that thus

« may actually be the case (REICHMANN et coll 1978 HArDSTEDT 1978) Thus the

+ depiction resulting from a high speed screen combrned with a film of low sensitivity
may be just as good as that obtamed with a slower screen and a high speed film

. espennally chosen to make the two systems have the same sensitivity despite the fact
that the faster screen produces a more unsharp image as measured by the modula
tien transfer funcuon (MTF) In this case noise seemed to be the hmiting factor
—

Submitted for publication 29 November 1978

AR IgcabDag o 0(1979) Fasc 5
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Fig 1 Images obtaned after contact printing
and micnification of films of 2 gnd (44 kad
barsfem) 2} Nen screen industrial film b) High
speed screen {Agfa Gevaert MR 600) Curix RP
1 film ¢ Hich defmiion sereen (Rodik X
omatic Finc) Curnix hilm (1) represents an al
most de1l depretion of the kad bars (dark
bands) In (b) an extreme fragmentrtton of the
dark binds while 1n {¢) these bands are well
defined (b} and (c) are referred to as type I nd
type 11 delinition respectnely

are usually considered
the films as denlt
o small as to &

rather than MTF even for imaging of such small details 1s
be sharpness dependent Part of this noise appears directly 1
fluctuations but density vanations may also appear that are s
detection by the unaided eye

A technique for evaluation of this microscopic noise has been desc
(StLIN & RIICHMANN 1979) A secondiry ray gnid (44 lead bars/em)
the resulting 1mage being copied and magmfied x32 In this magnift s
lead bars were represented by dark parallel bands In n ideal depiction these 2 "
would be sharply depicted (Fig 1 1) Any deviation from this ideal image wilt
following be called lack of defimitton  Two different appearances with regard 10 5““
Inck of definttion were suggested One implied dark bands having a wavy outlir dam
a more or less obvious frigmentation (Fig 1 b) the other a homogeneously fﬂf "
blackentng towards the bright zones m the mmage (Fig I c¢) In the follomnz\“‘
two categortes will be referred to 1s type I and type 11 respectrvely /\PP:“"“Il
notse has a greater influence on definstion mn type I than m type Il Conseque ’n
1t might be expected that type I would be encountered abose il with mdﬂmM
obtamned at high KV recorded by high speed screen film combrmations 1f s0 1t shO“l
also be expected that the use of 1 low speed film would 1mply a drift tonards bF ]
defimition even if high speed screens were used The present myestigation W
designed to confirm or reject these assumptions

nibed prcuousl»
was expo ¢t
ed M the
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“ Table 2

« fame rofiavon doses required fa gie a film density of 09 to 1 G for tfe screens tube porenttals and
ded filtrations used The screens are in order of decreasing sensinaiy (af 90 k4 ) A relatice dose of
 equals por speed (=1 mR =0 26 yCikg) Curre RP I fifm was used with the exceptions mentioned

reen Phosphor  Refatne dose

45 kY 0 kV 170 %Y
2mam Al 2mmCu 2mmCu 05mmPb

L EGnaen MR 60 LoB 72 19 18
remens Titan LOB 61 20 17
AL Alfa 8 (green sensiuzed film) GOs 13 24 38

thilips Massior Azuray §b BFC I8 25 18
odak Lanes (green ssnshized flm)  GLOS 17 27 24

pefa Gevaert MR 400 108 83 AL 22

1Hord rare earth {conventionat

il wiih speed hall that of Cusrey  LOB 16 38 33

Kyokko LH 11 T 16 39 28

Philips-Massiot Azuray WL BEC 1 39 32

B Alfa-t {green sensitized €dent GOS 2 50 43

‘gt Gevaert MR 400 LOB 16 50 37
Xodak X-ommatic Regular BSS &5 61 50

S emens Satir cr % 10 52

Kyokko LT 1 T 25 11 54
Adfa Geyaert MR 50 Log 57 13 13

Stemens Rubin [} 51 bl 14
Siemens Rubiss Super cT 136 47 33
Kadak X omatic Fine aLs 133 6 39
LOB-lanthasum  oxyb Gos BFC-b h

GLOS gadolmmum lanthanum owsulphide €T caloum tungseate  BSS—barium strontium
suphate BLS  banium lead sulphate

Expeniments

The fechmque was based on after treatment of films depicting an ordinary se
condary ray grid (44 lead barsfem ratio 1 10) This after treatment consisted w
contact copying the double-emulsioned ongnal film onto 2 single-emulsioned fine
gram tim (kodalth Ortho Type 3) In flus capying most of the granulanty of the

otemal film 15 fost the mottle still being preserved {SELN & RErchvany 1979
The el of the L wakes eval

casier The contact copy was fied 32 by ph The
p) grap P
npemeat weluding tube gnd cassette and devices for measurement of (:‘l":

potental and (relative) incident radsation d
Rexcusans (1979) iatian dose appeats in Fig 2 p 554 Stuv &

of the mowtle derably

A T hosphors were aty.
number of sereens with different phosphoss were tested at 2nous tube potentials
2nd added filtrauons (Table 1) Green sensmzed Idms we e
d added §; T f re used for the green
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Table 2
Relante des (comparable 10 the talues in Table 1) required for a selection of screens
combuned with Medichrome fm dereloped at 355 C and 385 C The higler temr eratme
mereases the filn speed by a factor *5 Tube potential 90 RV ad Ied filtranon * nm G
(Same abbreviations as i Toble 1)

Screen Phosphor Development  Relatne do
0
Philips Massiot Azueay H Brc 355 67
385 29
Agfa Gevaert MR 400 LoB 355 73
385 79
Philips Massiot Azuray 111 BFC 355 1
385 44
Kyokkho LU U cT 355 13
385 44
Kodak \ omtic Regular BSS 355 0
385 88
Asfy Gevaert MR S0 Lon 355 ki
385 r
hodak \ omtn Fine BLS 35S 189
385 8

emutting screens (Lanex Alfr 4 and Alfr 8) and for the HHford rare earth soreen®
film having bout half the speed of that of Cunix was used s recommended by “‘q
manufacterer The films were exposed to yreld 1n average density 1 the mnmﬂ‘
to 10 Some screens (Table 2) were also tested at different dose levels for 2 vt
tube potenti il (90 KV) In order to mumimize the wfluence of the film the Medichrent
film was used the speed of which may ensily be changed by varying the developi
s cxcellent recording properties stull being retaned (SELIN & REICIMANY Wi
REICHMANN ¢t coll )

Even 1f the disturbing influence of the granularity of the origml film was ¢
mimshed by the copytng 1t was considered of mterest to find out1f any spectlic back
ground in the radiographic film stsell extsted Thus the Curr< wnd Medichrome fiT>
were exposed by diffuse screcn fight from two X omatic Regular screens situated 18
a cassette 3 cm from cach stde of the films The films Wwere then treated like the gnd
films

Finally 2n expeniment w1s performed to find out if the microscopic mottle N ﬂ";
magnified grid 1mages could be reproduced to any sigmificant dearee so that rcr’“::S

exposures would lead to more or less 1dentical distributions of density fluctuat
[ the screet

1f so the mottle must to 2 high extent depend on the wrystal structure 0

Thus several gnd images of the same re of 1 pair of screens were made The magat



MICROSCOPIC MOTTLE AND DEFINITION OF SMALL 1MAGE DETAILS 819

Fig * Gnd images from lanthanum oxybromide screens Tube potental 90 kV ) Agfa Gevaert
MR 50 Curit him b) MR 400 (7 times aster than MR 40} Cune (dm ¢) MR 400 Medichrome
Jilm developed at 35 5 C d) MR 400 Medichrome film developed at 38 5 C yielding an increase in
tibim speed by 2 lactor 2 5 as compared to (c) increased screen sensitvity (same phosphor) 1mphes
42 shift from type 11 to type [ defimtion ¢f (a) and (b} Even for a given screen film combination 2
Toss of delimition occurs if the sensitvity of the system 15 increased < {€) and (d)

fied images were superimposed and rotated 1n search of moire patterns which would
« tndicate similanity of the mottles Different types of screens were tested n this way

Results

. Repardless of tube potentral and screen phosphor increasing sensitvity rmplied
2 shilt from type 11 to type I defimtion (Fig 22 b) At the same time the general
contrast of the lead bar images decreased with increasing speed Since vontrast was

not ) f at the devel this factor was not analysed system
ucally However when a given patr of screens was combimed with differently
developed Medichrome films yielding a change in screen film speed by z tactor 2 B}
an increasing loss of defimition (type 1) was observed 1n combination with decreasing
£xposure (Fig 2¢ d) Increasing tube potential nduced a shift towards type I defim

' o regardless of screen sensitivity (Fig 3) For the 90 kV exposure type I definy
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xphors
Fig 3 Influence of tube potential on the definmion of grid 1mages from dlffc«n;ssc{:\fllgg"‘%u
) and b) Barium fleorochlonde screens (Plulips Masstot Azurav HI) exposed at Shy ard {04
respectively ©) and d) Lanthanum oxybromide sereens (Agfa Gevaert MR 50) 4 gt ndces 2
respectively The speed of Azuray 1s 4 times that of MR 50 Increastg tobe P""“km consE¥
stuft towards type [ defimtion regardless of screen sensitivity If tube potenteal 1
increased screen sensitivity imphies loss of defmttion

tron began to be of significance at par speed, gunimg further importance for system
of higher sensitvity -

The photographic emulsion nself displayed a cert un mottle even after the 7l .
graphte process used (Fig 4) This background was less disturbing m Med\ch\'ﬂSm
film In nerther of the films was 1t considercd to be of great importance The c:’) "
structure of the mtensifving screens tested s to repraductbility of the mottle dr ?{lc
appear to have any significant influence Thus apart from the ilm motile the Mo
recorded displayed the properties of an unbrsed quantum mottle

Discussion

n

Tradittonally two aspects of image quality impairment have been recogmacd 1,‘
dignostic rdiogriphy viz unsharpness wnd mottle (Rossmann 1969) Un‘hﬁ'f‘”“
Iimutttion h1s been considered 1bove ail for objects of high contrast and small exter
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d
4 The background mottle 1o a) Curx RP 1 and b) Medichrome The two fidms weere exposes
o‘!dﬂhg: scr:engl:gsl“ an‘:i\ then treated like the gnd films The mottle 1s more prominent in (a) as
ompared 1o (B3 but 1 nexther of the two fUms w appeated to be significant

mthe him plane A pure mottle hnutation has been expected manly [or larger objects
of fow contrast Surprismgly hittle effort has been devoted to establishing the inter
action between these two types of imtations As a matter of fact the crucial type of
mage detail ;m chimcal radiography 15 nesther of the two ones mentioned but 15
repre ented by small detanls of Jow contrast since decreasing object dimenstons and
4 b it lly go together
A specaal case of interaction between unsharpness and noise hmitation was ana
lysed 1nsofar as a high contrast object of small dimensions has been recorded by a
series of screen film combinations yielding different degrees of unsharpness and
mottle ding to the pred opinion on rad hic imaginge
s reen (ilm sensitivaty 1n this case would imply blurning of contours and lowenng of
tontrast the contours st beng straight although sncreasingly unsharp (type 11
def nition) However decreasing exposute gises rise to an mcreasing quantum mottle
The wisual impression gained 15 that 1 high speed radiography the quality of the
£ndyma.e 1s mottle limuted (type I) besides the unsharpness iimitation known from
Previous investigations The mottle 1 question 1s manly mcroscapic s siluence
on the quality of the unmagnified original fifm can hardly be expected to appear like
the mottle ltmitation introduced by a coarser directly visible mottle when large object
de1anls of low contrast are mspected Instead the mottle should affect sharpness and
tesolution 10 the samre w ay as has been considered for other imaging systems by Rose
The object exposed grves mise to a square wave spatal frequency of about 4 hines!
mm of extreme contrast In the 90 kY recerdings of the gnid the type I definttion
?:‘l;:r‘f;i:;owl:’c::lmsil‘an;(:cancc at pa: speed of tc}:je screen film system ganing m
frequency used par s, : c:‘:rs:\ns;:‘:‘ ':sd “::!t o hThls frcans that for the spatial
Smtnn degmvb r\:u : ¢! Dp:) rzh \ogrhap y will aiways be himited to a
* of biologic slrucluris ne\,o o e 16 he e e harpness [mage detwts
er give nse 1o the same contrast as detarls of m tal grids
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with equal spatnl frequencies It should be expected (RosE) that decreasing contrat
would make type I defimition increasingly important as compared with type Il defw
tion Thus for biologic objects type I defimtion may be operating even at loner
sensitivity than par speed or lower spatial frequencies than 4 lines/mm or lower tubs
potential than 90 AV
Basically type I definitron appears in high speed systems where the MTF s éb
comparitively unfivourable It nught be asked whether this type of definton s
sust 1 reflection of the MTF so that cvaluation of the MTF will ndrrectly, gue
informatton 1bout microscopic mottle as well The mter relationship between the
fctors determining type of definition may be considered as follows
Regardless of screen speed the surface crystals of the fluorescent layer will always
have the ¢ 1pacity to give nise to n image of low unsharpness provided the protecit
layer 1s constant If 1 considerable portion of the total light emusston from the scrett
dernves from this surf1ce lyer then the image will be of low unsharpness Let ke
assumed that the surface crystal layer, having the potentrl to create 2 sharp 1mae
has 1 constant depth regardless of the total thickness of the fluorescent Jayer of the
screen The part of the fluorescent conting situated beyond the surface crystal l-\\:;
may be called the background crystal Inyer Thus 1t 1s mplied that signaby of:!b
spatial frequency ansing from the background Inyer will be so much diffused b
their passage through the surface layer as to become neghgible
The MTF measured from the screen 1s a whole will be a function result
the mteractton of the MTF of the surface and the background layers respec
This interaction will in turn be determined not only by the geometric spread 0 from
from the two Iyers but also by the relative lummosities of the light outputs mm
these Inyers A thick screen cotting will make the brekground crystal hght 9‘““;'““
predomnate over that of the surface crystals The sharp image created by the suf "
crystuls will then be recorded with low contrast On the other hand 1n 2 sereen N"
a thin conting the diffuse Iight from the background will be of munor lmporlt\rnm
so that the surfice Inyer will give 2 sharp imnge of high contrast The latter 5
1s generlly pt to have 1 lower speed than the former Thus if both screens 3r¢ “5“1
1n conyunctron with constant film sensittvity, high sharpness and heavy exposure ‘11:
go together This means different noise conditions mn the whole roenteen 1"1 y
absorbed by the screens However the pornt 1s that the norse of the roente? "‘ﬂ
recorded by the surface crystal layer will change to an even greater degrev, 35 ma
be illustrated by the following hypothetical example
At 90 KV the exposure required by the slowest lanthanum oxybrom!
(Agfa Gevaert MR 50) was about 10 times greater than that required by t w
screen of the same type (Agfa Gevaert MR 600) Let 1t be assumed that the contr l
tion from the surface crystal Iayer of the MR 50 screen amounts to 1/4 of th lo“c
light output the corresponding figure for the fast screen being 1/16 The microscopX
mottle which denives from the surface layer alone and severely disintegrates the ﬂ”r
1mage when the faster screen 1s used should then be correlated to an exposuré facto

ine from
tvely
f heht

de screef
he fastest
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Fig § Grid toages from two high speed tanthanum oxybromude screens a) Agfa Gevaert MR 600
h;gSmmr:‘s TIL’I“ng Tu(bc po(cnlmgl 90NkV The two screens have the same speed and identical MTF
Difference 1 gnd image defintion due to different microscopic mottles

of 40 when compared with the gnd smage created by the slower screen Thus if the
Iight output from the background crystal Jayer 1s increased 1n order to yield higher
.speed unsharpness increases and the relative exposure of the surface crystal layer
decreases Increased unsharpness and mereased microscopsc mottle will thus generally
£0 together However there 1s no reason to expect them 1o be very closely Iinked to
each other This statement 1s llustrated by Fig 5 where tao lanthanum oxybromide
screens of 1dentical extremely high speed yield a difference 10 gnid image definitron
Still the szme screens displayed rdentical MTF as measured with the Odeta MTF
Amalyzer (Oude Delft Holland)
The microscopic mottle and the unsharpness caused by the spread of hight can 1o
a certain extent be changed 1ndependently of each other if the film speed 1s altered
The MTF then remams constant while 1t 1s demonstrated that the mottle changes
(Fiz 2c d) Tn cases where type 1 deltmtion predominates a high speed screen
with a low speed film may be expected to yteld an image quality comparable to that
of a low speed screen with a hioh speed film screen film sensitivity bemng kept
constant Low speed films have obvious advamages over high speed ones mainly
due 10 smaller gram size A given amount of siher bromide per square metre of
film area gives rise to a greater total amount of siver halide grams when the film
$peed 15 low and the grain size 1s small The number of grams per umit area appears
to deterrune the information storage capacity of the il (Stumetcoll 1975 Seuw &
REICHMANN 1977 RrrchvANN ct coll ROSE STERNGLASS et coll DAINTY & SHaw
1974) The fact that the recording of small details 1n high speed radrography seems
to be largely nosse lumited offers an explanation for the chmcal observation that
radiography with tugh speed screen and low speed film appears more useful than
W"“"ld rc evpected from MTF data alone (HARDSTEDT REICHWANN et coll )
of the radmnoris(it::s'\at‘:yv 196; ';hw i Jant ofthe spectesl ditbuton
MTF 15 determumed N’ ) This 15 to be expected 1n svations where the
mainly by the diffusion of light enutted by the screen However
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1 reabsorption of secondary radiation emitted by the screen stself also occrs wheh
has been demonstrated to contribute to blurring (RiEHL & ZIMMER 1937, harisoy
1978) This contribution depends on the tube potential but requires monohromate
rdiation to be quanuttively evaluated The statement by STAPLETON (1976) tha
unsharpness 1s only shghtly affected by the quality of the radiation the visible eflt
of increased tube potential being munly attributed to a change in contrast apps
widely nccepted However the present results provide further reason to questis
this traditional standpoint that resolution and unsharpness should be mdependet
of tube potentinl and other fictors influencing the spectral distributton of the rada
tion Stnce noise factors seem to be of decistve importance for resolution eapadty
besides the spread of information described by the MTF  the resultant effect 52
direct influence of the wave length of the radiation on resolution capacity
The modulation transfer function 1s 1 well defined parameter which may be mee
ured with great rebability and expressed in the form of 1 comprehensive frequen
response curve The nfluence of nose factors on image quahty are not so0 easy 1o
mesure and to express This discrepancy implies that it 1s easy to overestimate the
MTF so that it 1s applied n situattons where it 15 not valid with regard to the con
clustons drawn Many radiographic components are marketed with a quality declart
tion munly based on the MTF this applies tbove ll to intensifying screens The
general radiologist m 1y become so impressed by the advanced techmque undeﬂ)":
the MTF evaluation that he forgets to look 1t the actual tmages produced by th
screens he 1s offered to purchase The opinion 1s often heard that the MTF represend
the objective nformation while inspection 1s subjective True the MTF yields objee
tive informntion but only about one factor influencing image quality, toan unknm\:
degree while inspection although being subjective provides 1n estimate concvm;ﬂ
all the factors determining ridiographic information capacity A great deal of furt t:
research 1s necessary before the interaction between the MTF and the dxﬂeﬂﬂ‘
kinds of notse giving nise to type I may be quantititively assessed Until then—-20
probably even afterwards—an inspection technique 15 needed where the subjull\t‘
element ts reduced ns far as possible The after treatment of films used i the I’““”‘
tests (contact copymg with subsequent enlargement on hard working film) 13
entical details well above the thresholds of vision thus making tspection ™
reliable In this clinic this procedure has been used 1n comparisons between Il
obtained n prictice from the same object with different radiographic techniques At
enlargement of 1bout 5 times then 2ppears useful That mspection may "‘d'mi
preference for a screen which has not the best MTF was demonstrated by HOLE
Svatn (1974) who recorded the MTF for a great vanety of screens Films produc®
with the same screens were demonstrated without enlargement or any other aftef
treatment to a group of inspectors composed of radiologists and jaymen One screen
film combinatton 1n the high speed class was clearly preferred although the MTEf0
the screen 1n question did not emerge as especially favourable The imtial conclusto!
drawn by many readers of the report was that it proved mspection to be infenior 1



MICROSCOPIC MOTTLE AND DEFINITION OF SMALL IMAGE DETAILS 825

shjective quality tests However the ds 1n the present 2 that
microscopic mostie may influence delimttion 1n @ way not previously realized offers
i alternat) pl for the d pancy between the two methods of quality
~valuation

SUMMARY

By a special technique of enlarging lms a microscopic mottle caused by quantum fluc
tuations was demonstrated Tt was found to affect depiction of small detals tn such a way

3510 suggest that 1t souid be of for capacity especially
1 high speed radiography Thus the medulation transfer function appears not to be the
only factor hi { The of hgh speed screens may

te improsed 1f the Tilm speed 1s reduced which leads 10 a diminushed microscopic mottle

ZUSAMMENFASSUNG

Durch ewe spezielle Technk von F wurde ein Flum
memn hervorgerufen durch Quanten Fluktuationen nachgewtesen Es wurde gefunden
dass dieses die Abtildung von klemen Details in emner solchen Weise beeinflusst dass ver
mutet wesden kann dass dieses von fur die der paziat
15t besonders ber Radiographie mit schnellen Verstarkerfolien Somit scheint die Modula
uvons-Transfer Funktion nicht der einzige Faktor zy semn der die rontgenologische Autlo-

i sung besttmmt Die Auflosung von schnellen Schirmen kann verbessert werden wenn die

Filmgeschwindigkent herzbgesetzt wird was zu etner Yermmderung des mikroskopischen
Fhmmerns fuhrt

RESUME

Grace a une techique speciale d agrandissement des films les auteurs ont mis en évi
dence un gran micr causé par la Les auteurs ont constaté
Aue ce grain influz & tel posnt sur ba représentation de petits détants qu it leur paran impor
fant pour determiner la capacite de resoll en en 4 grande w1
:s‘;en»‘\;nsn la fonction de transfert de modulation ne parait pas etre le seul facteur deter
T ;icso)uuon radiographique La resolution d ecran raprde peut etre amelioree s1 Ja

Pidité du film est reduste ce qui akoutit & une dimmution du grain microscopique
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a reabsorption of secondary radiation emitted by the screen stself also occors wh
has been demonstrated to contribute to blurnng (Rizit & Zimier 1937 Rastsos
1978) This contribution depends on the tube potentral but ruqurres monochtomss
rudrtion to be quantitatnely evaluated The statement by STAPLETON {ly/6) tr)
unsharpness 1s only shghtly affected by the quality of the radiation the visibleeliat
of mereased tube potental bemng maindy attributed to a change in contrast g
widely 1ecepted However the present results provide Further reason to qusir
this traditional standpoint that resolution and unsharpness should be ind pen'ed
of tube potentil and other [1ctors influencing the spectral distribution of the rad:
tion Since noise fictors seem to be of decisive importance for resolution capsh
bestdes the spread of information described by the MTF the resultant effect ¢
direct influence of the wave length of the radiation on resolution capactty
The modulition transfer function 1s 1 well defined parameter which may beme
ured with great reabibity and expressed 1n the form of a comprehensive frequenc
response curve The influence of nowse factors on image quality are not s0 casv:
measure ind to express This discrepincy implies that 1t 15 easy to overestime
MTF so that 1t 1s applied n situations where 1t 1s not vald with regard to the cor
clusions drwwn Many radiogeupluc componeats are marketed wath a qualiy dedar
tion munly based on the MTF this 1pplies above all fo mtensifying screens
general radiologist may become so impressed by the advanced technique Undcrlu?
the MTE ev duation that he forgets to look 1t the actual mmages produced by *
screens he 1s offered to purchase The opiton rs often heard that the MTF repre a
the objective information while inspection s subjective True the MTFE ytelds obe
trve mnformation but only about one factor influencing image quality ton unhro!
degree while mspection although being subjective provides an estimate conccﬂ‘:
all the Ictors deternnning radiographic information capacity A great deal of fur
research 1s necessary before the internction between the MTE and the &ff ¢
kinds of nose grving rise to type I my be quantitatinely 1ssessed Untif (h:n—nfy
probably even alterwards—an inspection techmque 1s needed where the subjest
clement 1s reduced 1s far ns possible The after tre itment of films used in the pr* ¢
tests (contact copying with subsequent enlargement on frird working fulm} 1
critical details well above the thresholds of vision thus makmg mspection 10
rehable In this chime this procedure has been uscd n comparisons betwet® fdn
obtaned 1n practice from the same object with different radiographte technigues ©
enlargement of 1bout 5 times then 1ppears wseful That spectron My ndic
preference for 1 screen which has not the best MTT was demonstrated by HOUF
SvauN (1974) who recorded the MTF for  great variety of screens Films produc
with the swme screens were demonstrated without enlargement or any other aﬁt‘
trentment to 1 group of inspectors composed of radiologists and liymen One scree
film combination 1 the high speed class was clearly preferred although the MTF U
the screen 1 question did not emerge as especially favourable The imtral conclusit
drawn by many readers of the report was that it proved mspection to be inferor ¢
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OPTIMISED TOMOGRAPHY FOR CLINICAL USE

Kk AstraND and S RrtcHMANN

Tomography has been practised chmeally for about fifty years Duning that time
several philosophses have been developed about the proper construction of the tomo-
eraphic movement and about how to measure and express the influence of varnious
1 pl on d (ZIEDSES DES PLANTES 1932
BARTELIVK 1933 Grosswann 19352 b EDhoLM 1960 WESTRA 1966 MATTSsON
1972 Haus et coll 1973 Haroing & Day 1976) The present authors (REICHWANY
1972 Astranp & Rercuman~ 1974 HELANDER et coll 1977) have described and
tested a new principle for g ds Optimum d
Were established by analysing the blurning of a sharp edge situated outside the tomo
graphe plane The intention was to reach a state where the zone of blurring was
Visually appreciated as smooth so that 1 fact a real blurnng occurred without any
Spunious contours appeanng It was found that the larger the attenuation difference

1905 a5 well as xerographic plates as recording medium
yeld excellent tomogra;

phic depiction with an opt; d t pl
whereas the same Plates tended to yield such a disturbmg depiction of ¢
—_—

he spunous
Submitted for publication 2 March 1979
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Table

Surres of the dhgfevent sumslated spueals fested composed of 4 or S revolunions
e o e, - —

Four revolutions Fnve revolutions
—_— e —
Relaine ‘Exposurefrevolution Relatne Exposuretveralution
radis ————  radwy —_—
Freed Vatiable Freed Variable
100 075 L] 100 070 010
073 075 L)) L o0 0
048 0z5 031 639 0.20 030
0 025 018 038 020 02s
017 0.0 010
whieh i prinople wilt lead to mose 1 ol the h
blurnng The 4 types of of d tested are p d n the Table

The nuddle and wnner ear of a skull phantom embedded 1n plastic was exposed
at 120 kV no additional filtratton being used The movements presented in the
Table all had o tomographuc angle of 20 They were compared with circular tomo
graphy of the same tomographic angle and with optimused tomography of 20 using
2 of 10 ot s 3} d to yield perfect tomography

~ In addinon hypocycloid tomography of 48 was carnied out The 7 types of tomo
graplic movement mentioned were all carried out 1n 4 cut section planes through
~ different levels of the ear The Rank Xerox plates were charged and developed as
~before Furthermore the same number of movements and section pfanes were ob
tamed by means of screen Tm radiography using Kodak X omatic Regular screens
< and Asfa Gevaert Cunx RP 1 fiim Tube potentral m this case was 60 kV The

”~ e planes of eraphy &d nok comende with those of sereen him
1 tomography owing to differences in the construction of the cassettes
As expected h hy displayed the dulf

w blurning caused
2n did screen film
fomoeraphy The 4 different simulated spirals of 4 or 5 revolutions gave a clear
\mprosement in blurnng as compared with circular tomography (Figure) However
the quality of blurring was still somew hat smperfect for the movements of 4 revolu

tions whereas the 5 t with a variable expi rate
Ene nise 10 a blurning which did not sigmsficantly dewiate from that of the 1deahised
mavement of 10 revolutions (Fig ¢ &)

» by the different tomographic movements much more clearly th
B

Dhscussion

The aim of the present experiments was to design a tomographic movement
yelding 38 good a blurming as possible in ordinary chmcal tomography Obviousl:
this aim Presupposes a compromise between what 15 to be gamed from an mcrcasc’c’i
number of i of the P and what 15 1o be fost m the

2
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contours 1lw1ys appeaning in circular tomography as to be of hittle use i thi tye
of tomography In fact the xerogriphic plates 1 conjunction with the optimed
tomographic movement were found to permit a nearly perfect tomograph depe
tion purtly duc to the contrast levelling inherent  the xeroradiographic prnogk
(Boac 1973)

Technically, it appears impossible to construct a tomograph capable of 10 rewle
tions within an acceptable exposure time without sts stability bemne jeopardael
However, the optimisation procedure lading to this complex type of mosener
path was based on tomography of a sharp edge of such a great attenuation differenc
1s 1s only rrely encountered n clinical radiography Therefore 1t appeared reason
able to 2ssume that the same type of tomographic depiction would be obtainable
for ordin iry clinical objeets with 1 movement path of fewer revolutions This theon
has been tested nd the results are now reported Optimisation was performed for
the middle and inner car and ~nce xerographic plates were prevously found lobtl
the most sensitine recording medium with regard to appetrance and ehmmatord
spurtous contours the tomogr ims were mainly recorded on plates of this kand

Fxpeniments
fous ste

Tomogriphy wns performed by means of 4 Polytome with a nomnal St

of 06 mm>06 mm The different spiril movements were simatated by 1 )
a series of concentric circular movements obtuned with the zonogriphy ﬂl“’l”"‘Jdc
making possible any tomographic angle between 0 and 20 Recording was M
on Rank Xcrox radiographie plates Before the exposure the plates were 8
highest charge nd development was arringed to give 1 posttive 1mage
Previous (unpublished) results indicated that tomographic movements
revoluttons should be sufficient for optimum demction of the er Bel ¢
tomogriphy was mtinted 1 number of sharp edge tomograms with a metd
were ctrried out 1n order 10 estiblish 1 reisonably small number of different § "
griphic movements for the finil test Diffurent movements of 3 4 md 5 revolst "
were caleulnted according to AstrAND & Riicrviann and were apphed (0 tOU:M
graphy of the sharp edge The metal plate giving nise to this edge wis <Janted a!-';'m
the tomographic plne comciding with this plane at one end so thit in onc an s
same tomogram the depiction of the sharp edge within the tomographic plane co;,c
be comprred with the blurring of the edge at dufferent dist inces from the tomoaraP "
plne The met1l phite was exposed 4t 110 AV using | 4 mm 1dditronal Cu fitrat 0“‘
This series of tomograms indicited tht there 1s 1 great difference between 10“‘0-
graphic movements of 3 revolutions and more complex movements In skull m::t
graphy therefore only movements of 4 and 5 revolutions were tested These ™ p
ments were of two hinds In one type the same exposure rite was used for "
revolutions the geometric conditions of the movements bemng arranged 50 15 10 Eld
the best depiction possible In the other type 2 varble exposure rate was introduc

nen tht

of dor’
fore skul
plate
om0
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+new type of equipment catled Opuplammat this company has succeeded in con
tructing a graph p 5 masshorta time as 5s tomographic
mgled$ without stabihity being Jeopardized (Geraurr 1978 Utsricur 1978) Thus
1 revoluttons can actually be performed Since this number was found to yield
tptimum performance m ear tomography  there seems to be no reason to recommend
omoeraphic movements of fewer revolutions A difference between the recommended
omographic movement and stmpler ones ts more dufficult to discern in screen film
b

hy than 1n hy which more directly reflects the
sctual difference 1nherent 1n the radiation relief However it may be expected that
cording media working \f ly with the graphic medium bat having

“etter sensitiysty will be obtamed 1n the near future When tomographs are con
tructed foday 1t seems advisable that the movement path should be given such a
ugh degree of refl that el h ding systems may be used

| SUMMARY

l A technique elaborated by the present authors (1974) for the establishment of opumum
omoeraphic movements was applied to ear tomography in order to design a movement
#hat 1s not too complex but yielding good tomographic depiction Such a mosement was
'sound to consist of a spiral of 5 revolutions Modern engineering appears to allow such

?omp!u morements ta be carried out with satisfactory stability within a reasonable exposure
ime

ZUSAMMENFASSUNG

'ToEme Technik wurde von den beiden Verfassern (1974) zur Feststellung von optimalen
A brsnc:‘;raphue Bewegungen ausgearbettet und ber der Ohren Tomographie verwendet in der

icht eine Bewegung hervorzurufen die nicht zu komplex 1st jedoch emwe gute tomo-
‘8raphische Bilddarstetlung erzielt Ewme solche Bewegung wurde bet einer Spirale von §

Drehungen gefunden Dre tech: E i
i der A tur erlaubt es sok
Plexe B ot zufr Stabihuat und Ex olehe kom
RESUME

Wp':;': ]\ec‘;mqu: ?ahom par les auteurs (1974) pour établir un mouvement tomographigue

a €te apphquée i la tomographie de | oreille def

pas ‘pour defimir un mouvement

SISICtmp complexe mats qu donne une bonne 1mage tomographigue Ce mouvemi:: n::‘

mem:"c une 'sp.rale a 5 revolutions L ingeneering moderne permet de produire des mucve
omplexes de ce type avec .

ety ype avee une stabiité sausfaisante €4 un temps d €XPOSItION rason-
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o e e Tr——— g e

m embedded P

Xerographic tomography of the same plane through the ear of a skull phanto
path was circular

1n (1) {¢) and (d) the tomograpiuc angle was 20 i (b} 48 Th
2 ¢ moyvement
2«,”;":3'?“(1 (b) simulated spiral of 4 revolutions coysst)ant exposure rate (&) nd qmulated sr'r\"
the Ian‘;‘;’mm "‘j“blc exposure rate (d} The supenor margin of prs petrosa 1> sttuat m;w'
rc!crp . ut 1s still depicted by sharp contours (=) n (a) (b) and (€) Ouher spurioss ot
ting 1o structures outside the tomograpluc pline also appear bung ‘ehmnated 10 (&

stability of the tomographic movement when its complexty 1s increased A1
object the middle and inner ear was chosen since demands on tomographic 7%
quality are especially high for this organ Furthermore xerogriphte plates were uk
being particulrly well suited to demonstrate defects tn blurning quality Such pl¢
are not suitable for tomography 1t present owing to their low sensitvity Howestt
it may be expected that stmelar recording mediy will be constructed htviok wott
favourible properttes Under the prevailing conditions it was found that @ tamo
graphic movement of 5 revolutions yields such 1 good blurring that more complét
moverents are superfluous The exposure rate of the tube was not constant Hov
ever, variable exposure 1s esy to accomplish and does not mterfere with the puc(xw'
problem of the stability of the tomogriph

A spiral movement of 5 revolutions withun a reasonible expost
obtarable m most present day tomographs The present experiments
ried out 1n some cooperation with Siemens (Erlingen West Germany) In desren

re time 15 7!

have been &
tud
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new type of equip called Optipl. this has succeeded 1n con
ucting a tomograph performing 5 revolutions 1 as shortatime as $s tomographic
t le45 without stability being jeopardized (GEBAUER 1978 ULBRICHT 1978) Thus
{revolutions can actually be performed Since this number was found to yield
stimum performance 1 ear tomography there seems to be no reason to recommend
of fewer Tut A diff between the recommended
‘imograpluic movement and simpler ones 1s more difficult 10 discern 1n screen fitm
1mography than 1n xerographic tomography which more directly reflects the
¥ wal d wherent m the rad relief However 1t may be expected that
Icordmg media working il ly with the xer phic medium but having
 tter sensitivity will be obtamed i the near future When tomographs are con
ructed today it seems advisable that the movement path should be grven such a
1 h degree of ref; that el hic recording systems may be used

SUMMARY

1 A technique elaborated by the present authors (1974) for the establishment of optimum
wmographic movements was applied to ear tomography in order to design 2 movement
hat 15 not too complex but yielding good tomographic depiction Such a movement was
sund to conssst of a spiral of 5 revolutions Modern engineering appears to allow such

tomplex movements to be carmed out with satisfactory stability within a reasonable exposure
ime

ZUSAMMENFASSUNG

:rEme Technik wurde von den beiden Verfassern (1974) zur Feststellung von optimalen
! crographic Bewegungen apsgearbeitet und ber der Ohren Yomographie verwendet in der
Absicht ene Bewegung henorzurufen die nicht zu komplex 1st Jedoch eine gute tomo-
f’mvhlsthe Bilddarstellung erztelt Eine solche Bewegung wurde beir eier Spirale von 5
]rthungen gefunden Die technische Entwicklung der Appacatur erlaubt es solche kom
Plexe B mit Stabilutat und E;

RESUME

Uni
opum; Ilec:mque €laborée par les auteurs (1974) pour établir un mowement tornographique
ot 4 €t¢ apphquée A la tomographte de | oreille pour deflimr un mouvement qui n est
b mv camplexe mass g donne une bonne 1mage tomographique Ce mouvement con
> ot c:r:cpls:‘ualz 4 5 révolutions L tngeneering moderne permet de produire des mouve
es de
bl e type avec une stabilite satisfaisante et un temps d €xposition raison
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new type of eq) called Optipl this pany has ded 1n con
“ucting a tomograph performing 5 revolutions n as shorta time as5s tomographic
\gle 45 without stability being jeopardized {GEnauER 1978 UtsricuT 1978) Thus
frevolutions can actually be performed Since thts number was found to yield
*stmum performance 1 ear tomography there seems to be 1o reason to recommend

tmo_raphic ts of fewer 1 A between the recommended
1mographic movement and simpler ones 1s more difficult to discern in screen film
hy than tm graph hy which more directly reflects the

¥ tual diff inkerent 1 the rad relief However 1t may be expected that
cording media working anal ly wath the graphic medwm but having

* tter sensitnvity will be obtaned m the near future When tomographs are con
Tacted today 1t seems advisable that the movement path should be given such a
1h depree of rel! that elec: tic recording systems may be used

SUMMARY

4 A technique elaborated by the present authors (1974) for the establishment of optimum
omographic movements was applied to ear tomography in order to design a movement
hat 15 not too complex but yielding good tomographic depiction Such 2 movement was

und to consist of a spiral of 5 revolutions Modern engweening appears to allow such
Jomplex movements to be carried out with satisfactory stability within a reasonable exposure

ime
4

ZUSAMMENFASSUNG
"rEme Techm‘l; wutde von den beiden Verf: {1974) zur F { von

N P! und ber der Ohren Tomographie vernend
Absicht eme Bewegung hervorzurufen die nicht zu komplex lstgjcdoch eme gulc: :::\I:
?&Tsche Bilddarstellung erzielt Eine solche Bewegung wurde ber emer Spirale von 5
o :gen gefunden Die techmische Entwicklung der Apparatur erlaubt es solche kom
mit Stabilitat und
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0M THE DEPARTMENT OF DIAGNOSTIC RADIOLOGY Tt (DIRECTOR  DOCENT C G
HELANDER) SAHLGRENSKA SIURHUSET § 411 32 GOTTHENBURG 5W EDEN

TOMOGRAPHIC LOCALIZATION OF MOTION AXES

ANNE HENNNG 2nd SVEN REICHMANN

In every synovial Joint at least one motion aus eusts even if the movement 18
translatory although 1n that case at an infimite chstance In chinical treatment of
disorders of the locomotory system precise knowledge as to the position of different
motion axes may be of great importance This 15 Wustrated by RoLanpir s {1966)
mestigation of how the positton of motion axes 1n the Iumbar spine was affected
by postenor fusion He could then outline principles for more effective immobiliza
tion of unstable segments of the lumbar spine The position of the motton axes can
be determined 1n postmortem specimens as well as in ving subjects In both cases
a radtographic techmque may be used Generally an m vivo techmque 35 to be
preferred smce 1t may be difficult to imtate the natural muscular actwity by means
of external forces applied to 2 bone and Jont specimen Radiography as a rule
offers the only feasible method 1n humans

i mieht be expected that fitms exposed at the beg, 2 and end of the t
would be sufficient for determination of the posttion of the motion aus However
with a conventional techmique the joint motion mevitably leads to changed radio
graphic projectian and so the mages obtained are not directly comparable Thus
the difference between the 1mages does not only define the motson around the aus

1o be localized 1t veflects projection differences as well Since these two factors can
ot be evaluated the 1s not satisF:

oren y The influence
changed projection may be established by means of roentgen stereophotogram

Submitted for publication 3 January 1979
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OM THE DEPARTMENT OF DIAGNOSTIC RADIOLOGY Ml (DIRECTOR DOCENT € G
HELANDER) SAHLGRENSAA SJUKHUSET S-411 32 GOTTHENBURG SWEDEN

TOMOGRAPHIC LOCALIZATION OF MOTION AXES

ANNE HENNING and SVEN REICHVANY

In every synovial joint at least one motion aus exists even If the movement )s
translatory although 1n that case at an mfinite distance In clinical treatment of
disorders of the locomotory system precise knowledge as to the position of different
motion axes may be of great importance Thts 1s illustrated by ROLANDER s (1966)
investigation of how the positton of motton axes 1n the lumbar spine was affected
by posterior fusion He could then outline principles for more effective 1mmobihiza
tion of unstable segments of the lumbar spine The position of the motion axes can
be det d 1n postmortem as well as in living subjects In both cases
2 radiographic technique may be used Generally an 1n vivo techmique 1s to be
prefecred since 1t may be difficult to imutate the natural muscular activity by means
of external forces applied to a bone and joint specimen Radiography as a rule
offers the only feasible method 1n humans

It rmight be expected that films ex
would

erence between the tmages does not only d
tobe localized 1t reflects

projection differences as well Since these two factors can
n?lbe:valua(ed ly the 15 Not satsf; Y Thenfluence
of changed projection may be established by means of roentgen stereophotogram
—_—
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Fig 1 a) A test object with two

independent motion axes by Localt

zation of the resultant movon axs

when the object in {a) has been

mosed around both of 1ts motion

@ axes The object stself appears 1

—~  one end position of the movement

In locabizing the aus positton It 15

assumed that the lid has been moved

while tke box iself has not When

the two tomograms describing the

motion were supenimposed WO

pomts of the id were found to

have moved from A 1o A and B

. to B respectively Lines were

drawn between these points The

bisecting normals to these lines

cross at the site of the resulung

motion aus (C) Since the motion

has taken place around two axes

simultaneously the posstion of the

resultant aws does mot cowncide
with erther of them

Yorating both of them with a thin needle At least two such corresponding pomnts

are needed These petforations do not have to be made through the tmage of the

:uptnmposed object deta) They may be placed far outude 1t and yet be used

X :d:scnbc the reciprocal orientation of the object detail 1n the two 1mages In this

3y one moving component has been localized by means of corresponding smage

f:m(s n two films The supertmposition procedure 15 then performed for the other
™Ponent as well When the films are reoriented for this secondary superimpost
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metry (HALLIRT 1970) Tlus technique implies that two images are exposed wiha
known and standardized projection difference before and after the movem ¢
forming stereoscopic image purs Unfortunately this techmque has cetamm
portint disidvintiges A detuled analysis of the difficulttes and sources of emor
inherent n rocntgen stereoscopy wis carried out by WrstrA (1966) In rocaia
stercoscopy the stercoscopic information 1s obtamed only from imaee confours h
stereoscopy of consentional photographs, on the other hand informanen of
depth may be obtuned from every pomnt in the rmage This peculiar quahty maks
roentgen stercoscopy more difficult to employ bt not ymposstble Howeser fr
photogrammetric measurcments  considerable problems are involved When the
displicement of projection leiding to stercoscopic 1mage pair formaton s 1t
troduced different surfaces within the obyect will give nise to the contours Thereh
to 1 hirge extent these contours do not refer to identical pomts m the objeut W2
may preclude metsurements This problem may be circumyented 1f measurmad
are restricted to very small object detuls (HoLLINDIR 1964 OLIN ¢t coll 1961
Insofar as ntural reference pomts of such 2 kmd do not appéar in the oty
smll markers of mettl mry be mserted before rocntgen stereophotozrammelty
(Olsson ¢t coll 1976) However, this cannot be adopted as a standard proceler
for eximmation of jownt function This applies especrally to deeply sitvated jot
and jomt ssstems with several differently moving components

Previously 1 alternative method for determination of mo
prescated by Rriciingann et coll (1972} Instend of two stercoscopic 1mage ‘
1 tomogram was exposed before and after subject motton usmg multdirection:
tomogriphy with 1 Inrge tomographic angle It wis assumed that wthin et
fumts determined by the movement path of the focus the object might perfer
trnshtory movements between the two recordings without ffectin the I
image The differences in the tomograms were therefore considered to be related 01
to object motion round the 1us to be determined However this hypotliess *
not tested experimentally This his now been done nd the results ¢ present
this communicition

fron aves has
Pﬁ\\"

Methods

g One s tab
ame 1o
onto

Two tomograms, describing the motion of the object tre issume
i the mitinl 1nd the other i the final position They represent the s
graphic plne through the object One tomogrim 1s confact—copted
which 1s developed to a gnmma value of 10 Provided the (wo origm tonogF
pave the sume contrist the copy thus obtaned may be superimposed on the ot
tomogram, 1n such a way 15 to extmgush the 1mage of some components nt
moving system In those image parts which are thus extinguished each poet
oue fitm 15 directly projected onto the corresponding pomt in the othef Su
corresponding points may thercfore be marked in the superimposed m By ¥
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Polytome was used tube potentsal 54 kV fitration 12 mmCu Hypocyclord
wement 43 was used exept 1n certamn cases Recording was made on Cunx RP 1
0 (Agfa Gevacrt) with Kodak X omatic Regular screens
In the first expeniment the model was translated 13 em sideways between the
posures describing the movement around the motion aus The position of the
stion aws was determined and compared with valtues obtained 1 the same way
thout any translatory movement as well as with the model uself The reproduc:
bty of the ph hic method was d d From one motion recording
#0 tomograms) 10 separate aus posttion determinations were carned out In
o Ginal Glems the distance between the centee of the movwg vertical column and
1e aus was measured the values obtained being corrected for the constant magnt
sation of the Polytome (1 34 umes) The expenments resulted m a distance of
37437 mm the actual value was 136 mm Thus the techmque was useful n spite
f the transfatory movement of the object When 1t was attempted to determine the
sotion axis posttion from conventional films the same translatory movement was
>und to make the fitms ding the rotary pletely parabl
n other words tomography was indispensable
In a second expertment the rectangular columns of the test phantom were replaced
’ cylndrical ones but the experiment was otherwise performed 1n the same way
Jowever the lilms could not be evaluated since the two images of one column coutd
‘over each other in many different ways The two films could be rotated against
'ach other around an axis comnciding with the cylinder axss of the column 1n which
“ase no corresponding tmage pomts could be defined Thus object details giving
15 to completely eircular 1mages in the tomogram may render evaluation of the
tilms ympossible and the present technique thus cannot be used In a third experiment
fectangular columns were used again but one of the columns was not vertically
fositioned but slanted (Fig 2b) Tomograpinc recordings were made without the
model bemg moved 1n the honizontal plane between the exposures Instead the
phaatom was moved verucally so that the tomographic plane passed through the
phantom at one Tevel before the rotation was started and through another level
::‘::el:g‘,‘::g::;;?:‘; ‘ asn,:c:(’ ;}l\: ;:z(cclumns were not paralle] this displacement
pected to give nise to a source of error in the
localization of the motion axis posttton The distance from the centre of the MovIng
:";‘Xmﬂ to the motion axrs was shown to be 158+17 mm Thus the experiment
P e Toton of e ok ovs vt b omogpisly s
pendicular to the tomographic lan:ydun thy vy n @ dirction per
Durimg certam rotatgu::; mpthc hvmngsu: ’::thenl 19 by analysed
slmull.m:ously Therefore two separate egx mfc 1: Soveral motion ases Operate
periormed Tn the first of these the test ph: o :I:hs:}:nulallng such & case were
paralle} w, e two gular columns
T of ith each other was used A mosement was ingtated around the vertical
ol one column At the same time the whole phantom was rotated aroundaa
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-4

5a-2:21 tac?

S

Ot
Fig 2 Test phantom with two vertical columns having a quadrangular cross seution a?:m:;""
of the columns may be rotated along a vertical axis (=) b) The movable column is not
slanted

tron the perforations first made will be separated from each other i 3 2/ dert
mined by the object motion The displacement of each pair of correspondint pois
1s marked by a straight hine on one hilm Thus two such lines arc obtawmed bAsctU:l
normals being constructed The intersection potnt of these normals hies \shml:
motion xis passes through the tomographic plane The procedure 1S Mustrated ¥
Fig 1 The object was a wooden box with a moving cover (Fig 1) The first suPeh:
mposition concerned the 1mages of the cover, resultmg m two perforations Th:
images of the box were then superimposed the perforattons bemg separated alon l‘
straight lines The bisecting normals of these lines comncide at the place of ¢
motion axis

Experiments

ur tests
sestu®
"
reat

The method mentioned w1s tested i a scries of expenments In the first fo
a simple object was used (Fig 2a) consisting of two vertical columns €ach
on a horizontal arm One arm was turnable together with 1its vertieal cold
around an axs near its base The tomographic plane passed through the vert
columns 1n such a way as to make the site of the motion axis invisible Ot ‘:"
tomograms Instead when the location of the motion asts was determined rroml:
tomograms 1t could be compared with the actual site 1n order to test the vahd\‘)
of the method Tomography was carried out under varying condittons particular’y
under condttrons 1n which the method was expected to give erroneous informatio®
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determmed The object must not be lated m a d perpendicular to the
~tomographic plane during the movement Preferably the object should not rotate
around an aws parallel to the tomographic plane However very small rotations of
~this kind do not seem to give rise to any important source of error Furthermore an
otber disadvantage not touched upon earher 1s the fact that the tomographic image 1§
not perfectly sharp Thus superimposing two tomograms so as to make the images
cover each other completely 1s a procedure with a certaim degree of inexactness Thiss
imost obvious when the moving structures are smail gving rise to low contrast
This complication can be overcome 10 a certan extent by means of repeated examuina
tions of the oniginal images In those cases where roentgen stereophotogrammetry
canbe carned out a plete three d \ of the geometry of the
whole object 1s obtarmed The present method primanly grves information onlv about
«the movement 1 the tomographic plane This shertcomung can be counteracted by
means of 1 hy This tech implies the use
of several screen film combinations on top of each other recording different tomo
graphic planes n the object these planes bemg parallel with each other This has

. o advantages Furst 1t must often be expected that the object moves not only

the tomographic plane but also m a direction perpendicular to it Thus 1if only one
tomographtc plane 15 recorded the techmque will be unreliable However of muln
section tomography 1s used 1t appears possible to compare the same level within
the object before and after the movement even 1f this level 1s represented by different
tomographic planes within the multisectton cassette Secondly 1t 1s not necessary
for the motion awis to be determyned to pass through the tomographic plane at a
ught angle I the localizaton of the moton aus 1s carned out at different levels

within the object 1t 15 possible to find out whether the axs 1s perpendicular to the
tomographic planes or not

SUMMARY

““l‘.c;cyzh"zlauon oll motion axes within Jomnts and junctures 1n ving humans has been carnied

b :alns t; roentgen stereophotogrammetry Another technique 1s presented here 1n

apphahon?ca I‘Z:hon of the axis 1s carnied out by means of tomography The field of

oy e ]or dns techiigue has been examined 1n a seties of phantom expenments It

No oty Ep loyed in certain situations where roentgen stereophotogrammetry 1s not useful
quipment 1s needed than a pl; h

Toom facilities o and ol dark

ZUSAMMENFASSUNG
Die Lokaly

sation der Bewegungsaxen 1n d
::::s:hm Raon der Bewe g5 len Gelenken und Verbmd:l;%;: vué lebenden
m‘;lv‘\d::edTghmk vorgestellt bei der die Lokalisation der Axe muttels Ton:‘ogmw):nrdfhm
“W‘mmr‘ er Umfang der Verwendung dieser Technik 1t 10 emner Sene von ls}\ ctm
en ausgeprobt worden Diese kann in gewrssen Situationen wo die Roa:t;n '
ern
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horizontal 1xis parallel with the tomographic plane Thus the columas were ertid
n one exposure slanted n the other Since the prolongation of the columns bl
to pass the plane of the focus withm the path of the tomogriphic motion te
obyect could not be slanted more than 20° against the perpendicular Greater shntng
would hive made the columns incompletely depicted, so that no evaluation vl
have been possible Consequently the source of error was found to be comparatneh
small The distance to the motion 1xis from the centre of the movine column #3s
m this cise determined to be 131438 mm This figure was obtamed from fne
separate deternuntions The expertment demonstrates that small rotations along an
axis paralel with the tomographic plane will not usually give fise to great disphee
ments of the motion 1xts However such rotations constitute a pclcnllﬂl source of
error 1ts effect his to be estimated from case to €1s¢

In the Iast experiment another phantom was used (Fig 17) The two mout®
components could rotate simultancously tlong two parallel motion axes both of
perpendiculir to the tomographuc plane The object was exposed 1 seseral posttions
(Mg 1b) For each image pur 1 motion XIS w1s deternuned as of there had mxt
been only one avis In spite of the motion along two 1¥es it was found possible
Al c1ses to define 1 resuling motion 1xs which fully described the combined MO
ment of the two components This motion s did not comerde with either of the
two tctuql motion 1xes On the contrary 1t Ww1s 10 many €ases sitated far away from
them Thus 1f the movement tahes place rround several axes simultaneously thes
axes cannot be defined separately In all cases however, a resultimg motton 3%
may be defined

Discussion

ts of the locomotor!
upon anatormt
ery as well &

The posttion of different motion 1xes 1n the different par
apparatus 1s described 1n textbooks has to 1 Irge extent been based
investigations of autopsy specrmens Reconstructive orthopedic Surg
physiotherapy 1s partly based on such descriptions For Inck of suit 1ble techmdss
nformation on these 1xes has not usually been obtunable from lving humans
health or disease The method presented here by no means offers 1 final solu":“
to the problems since several sources of error may influence the evaluatons M ‘l
However 1n certam situttrons it may yreld information where othet techniques

The present technique has one muyor advantage since 1t can be employed "}
many cases 1 which stercophotogrimmetry cannot be used without msertion ¢
small metallic indicators  Furthermore the technique 15 simple, demandmg 10
spectal equipment for the exammation of the images 1s 1s the case in s\ercovhomc
grammetry The tomograph with plunidirecttonnl movement ts available m most larfle
radiography departments However the method also hns certan drawbachs T
moving structures must not give nse to crcular configurations 1n the tomogram®
since n such 1 €15¢ the internal orientation between the image pars cannot

Fl
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IMAGE ENHANCEMENT BY DIGITAL-ANALOG
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11l Experiences with bone metastases

A Hemunessoy B Junc H Lunpquist and A STROMLID

The conventional roentgenogram is rich in detarl and sometimes the large amount

f may render the difficult This 1s true forexample
1n the dragnosis of bone metastases where disturbing structures of spongy bone are
supenmposed upon the metastasis and reduce s percephibihity

Reduced d of the bone with contour and contrast
of the metastases 1s therefore desirable This should be possible to achieve by frequ
ency filtration as spongy bone has ugher spatial frequencies than round soft tissue
Sl;mcimes (Rossuany 1968 KUNDEL et coll 1969 1972 RossvanN & MoseLey

9 Ziskiv et colt 1971 Rockorr 1972 HEMMINGSSON et coll 1972) In the present

feport the result of frequency fil erlool
tratton of films with ov
. q overlooked bone metastases 1s

-of

Matenal and Methods

Fls
- 1:\3 of 10 patients 1n whom bone metastases were overlooked at the first radio-
ml': ’y were frequency fltered In all cases the metastases were difficult to perceive
v N retrospect with assess 1o films taken 2 to 6 months after the primary examna

Supported tinancially
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stercophotogrammetnie nicht moghch st verwendet werden Es wird heine andere As
rustung gebraucht als e plurrdicektionaler Tomograph und gewohnliche Dunkesa =
Ausstattuneen

RESUME
L1 locahsation des axes de mouvements dans Jes articulations et les jomtures chez és
humains yvinants a été effectuée par stéréoph éee radiot Les autcurs pre

sentent sc1 une autre techmque dans laquelle fa Jocalisation de Taxe est effex tue par tome-
graphie Ils ont cxaniné le chtmp d application de cette techmique sur une stned ey v
sur fantomes Cette techmque peut ctre utthsde dans certames situations ol la stérdopho
grammétrie ridolomque nest pas uhile Ll ne néeessite pas d autre equipement ¢ v
tomographie multidirectionnel et les wstallations d une chambre nomre traditronnelle
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Il Expeniences with bone metastases

A Hesungsson B June H LUNDQuIST and A STROMLID

The comventional foentgenogram 1s rich n detai! and sometrmes the large amount
of mformation presented may render the evaluation daffscult This s true for example
m the dianosis of bonte metastases where disturbing structures of spongy bone are
Supenmposed uparn the metastasis and reduce its percepuibility

Reduced Teproduction of the bone trabeculae with Temaning contour and contrast
of the metastases 15 therefore desirable This should be possible to achreve by frequ
ency filtration ag spangy bone has higher spatial frequencies than round soft tissue
steuetures (Rossviany 1968 Kusper, ct coll 1969 1972 Rossvanvy & Moserey
1969 Zikevet coll 197; RochoFF 1972 HEMMINGSSON et coll 1972) In the present

‘;P:"b?: fesult of frequency Iitration of fims with overlooked bone metastases 15
eser)

Material and Methods

s of 10 patients 1n whom bone me
Pere frequency filtered In all cas
fetrospect with assess to films tak

Film:
Sraphy
Svenpm

tastases were overlooked at the first radio
o5 the metastases were dafficult to percene
€n 2 t0 6 months after the Pprimary examina
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MTF
e
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aa
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Fig, 1 The modultion transfer function
of the filter used "
- | 2 3 4

SPRATIAL FREGUENCY
C1/¢MATRIX SIDEY)

tion for comparison Eight of the patients had predomnantly osteolytic lcsxons‘:‘?‘
them ansing from carcinomn of the breast and one from an Ewing sareom” “f
cases of sclerotic metastases arose from carcinoma of the prostate In 8 of the Pﬂ“‘";
the ovcrlooked metastases were 1 the pelvis or the proxtmal part of the femur I
1n the other 2 in the skull

The device for image enhancement with a digrtal filter describ d o
LUND et coll 1979) wis used The filter has low pass charactersstics with aﬂ;:ﬂ)}
Irequency of about 1 mm-! which previously (Part II HIvsinGssoN et calt “
had been found to give promising experimental results The modulation lran;“
function of the fterappears in Fig | The Ditered m was recorded on the g7
Irght sensitive film Trimax XM (3M)

The original film and the filtered fiim were 1lso superimpo!
improve the perceptibility of the metastases The superimposed film was rec L
direct copying on the positive duplicate [iIlm RP/X omat (kodak) with g grzldtcnmS
11 0ona BXR MK II (Bluray Inc) automatic copymng michine 1nd the filn
developed m a 90 s automatic developing machine

Microdensitometry of the orignal and the Niltered film 1 a Jin
metastases was also performed with the mcrodensitometer Mark
Locbl)

1n Past 1 (CEDis

sed 1n order (0 funhes
orded by
'

e crosst ¢
11 €S (o

Results

than ©
d on the
125tases

In all cascs the metastases were more clearly visible on the filtered film
the onginal (Figs 2 4) and 1n some cases additronal metastases were obserse
filtered film When the filtered and the origmal film were superimposed  the me <
appeared even more distinctly due to the increas~d difference 1n contrast (Fiz ot

Microdensitometry of the ilms revealed that the contrast of the smalt spongy

g
structures was constderably lower on the filtered film while that of the more extend
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A Fig 2 a) Oignal film with overlooked sclerotic
bone metastases b) Same film after filtration
e —meee A €) ADpearance 4 months Jater
¢
. 0

Fig 3 a)Samecaseasm Frg 2.
Microdensitometry of the ongt
nal llm Scan hine mndicated by
arrows m Fig 2a b) Micro-
densitometry of the same film
after filtraton Scan line snde
cated by arrows n Fig 2b

metastasis was essentially unchanged after filtration (Figs 3 5) Microdensitometry
of the superimposed film copy showed that on this copy the contrast of the metastasts
%25 about twice as great as on the onginal film (F1, 5)

Discussion

The better perceptibihity of the metastatic lesion on the filtered film than on the
:\Dmmﬂ one s due to the lact that the high frequ ncy disturbance by the spongy
" 15 largely elminated after the filtration procedure IF the tmage of the spongy
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1

e s

c
d

Fig 4 a) Ongmal film with
c) Copy of the supmmposcdﬂc::-lcs,l‘r:z:llo:ﬁ:kclgdf ?s!eolyuc bone metastases b) Same i, afiet i
major 3 months later diered films d) Metastasis m the area of the trochan®
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¢ Frg § Same case as in Fig 4
\ N a) Mirodensitometry of the ort

genal film Scan lme indscated by
w0 arrows n Fig 4a b) Mro-
i " densitometry of the same film
i W\, after fitration Scan fine wndt

| . -
\
i
'

A , cated by arrows 1n Fig 4b ¢
i} s \\ o \\-. Microdensitometry of the super

L) \  imposed onginal and filtered

Y\ him copy Scan kine indicated by

arrows 1n Fig 4¢

1

a b <

ne 15 regarded as nosse and the difference in contrast between the metastasis and
surrounding area as a signal of the metastasis then the signal to noise ratio 18
ger in the filtered hilm than n the onginal due to a reduction of the interference
the spongy bone This rat10 can also be rais=d by increasing the signal of the meta
1s1s which 1s achieved on the sup nmposed film copy by linear addition of the
ntrast differences 1n the two films (MILLER 1975) The more than doubling of the
ntrast of the metastasis was due to the fact that the copying film us~d had a gradient

i1 An effect sumlar to that obtained on supenmp can b produced by
‘ocessing with the present device In order to ncrease the signal to nos~ ratto 50
i toamprove the p rceptibility of the metastasts 1t 1s necessary to degrade the image
" the spongy bone by for example frequency filtration

The results support the previously presented hypothests that low pass filtering can
nprove the diagnostic possibility 1n cases of bone metastasis (HEMMINGSSON et coll
972) It should be noted that only 2 rough attempt was made to wdealize the pro-
' tties of the filter 1n relation to the task at hand The long scanning tim.—about
ne hour for a 24 em x 30 cm film—means that th= device 1s of limited applicability
OF routing use n its present form However 1t can b+ made considerably faster An
lternative 1s to use 2 TV tech que 1n the image enh proc=dure or to carty
>ut the filtering already in the intensifying screens

SUMMARY

Frequency filtration of films w.
1th overlooked bone metastasis 1n [0 pat
the percepuibility of the metastases priients improved

ZUSAMMENFASSUNG

Ewe Frequenz Filtrierun;

von Filme
Uenten verbeserss e Dmg en ber ubersehenen knochenmetastasen bey 10 Pa

tellung von Metastasen
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RESUME

La filtration de fréquences de radiogriphies sur Jesquells des métastases osus
étaent passées impergues chez 10 malades 2 amélioré la perceptibilité des métastises
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HE MEDIASTINUM RADIOLOGIC CORRELATION "WITH ANATOMY AND PATHOLOGY By E R
_ feitzman C 'V Mosby Company St Lowis 1977

e Monographs dealtng with the radtology of the mediastinum are scarce This book the
ompameon volume of the well known The lung Radiologic pathologic correlations by
= same author ss a most welcome contribution Enclosed between the lungs made out of
wsuss with attenuation properties very close 1o each other and covered partly by the spme
he mediastinum 15 notoriously difficult to evaluate by convenyional radiography Ab-
~ormalities must first attain a size which dictorts the contours  either bulging into the fungs

¢ displacing the gas an D to this rule

The author of the present book has used anatomic preparations e cadaver sections
~onventional films linear tomograms and CT images stde by stde to convey to the reader a
botough understanding of the anatomy of the medastinum as demonstrated by radio-

_ "maphy A number of normal structures or vanants are described and the way 1n which they
appear on the film 1s explained In this respect the book fills an obvious need and 1s useful
1150 by bringing 10gether the essence of wadely scatiered investigations reported in the
interature While not a comprehensive textbook 1n the sense that every major fact of anatomy

o every important lesion s to be found it 1t the volume treats a great many of them in

svmle detall The text 1s easily readable and most of the numerous ustrations are of high
squality

In the first chapter the author advocates a new system of anatomic subdiviston of the
medzastnum 1n which the aortic and azygos arches play an important role as demarcating
Ies The classtc posterior compartment-—the statistically most frequent site of neurogenic

rtumours—unfortunately disappears The author 15 aware of this drawback but believes
that the advantages of the new system overweigh the disadsantages
P For a crtical reviewer however 1t 15 not difficult to find points on which to disagree It
ishorest (0 say that t most cases the divergences 1n opinton probably reflect differences in
,;radluon between radiologic schools or con ern matters of judgement As 1n most literature
ef:ff:?fnh Amerna lomography‘ls heavily overvalued This techmique 1s recommended
i o ot hrtha( an (or lesion 1s sttuated within the lung (or
e al bronchus) and not 1n the mediastinum proper In the experience of the
B can 1n most cases f not all be arrived at on conventional films provided that
e ot ‘s are nr::luded and the exposures are correct It 15 certainly legrtimate to explore
Horma tes and hmitations of CT at the appropriate institutrons of medical research
those ey Wsl:dquei:onable whether such generous indications for CT 1n routine wock as
erobleme e hm 15 book can be justificd The CT ume ought to be saved for mteicate
The Scandmc cannot be solved by conventional methods
hat ﬁdlc]og]ca",:n rleader should also be prepared for the fact that the author conforms to
varions bouss rssc ’m; which uses metaphors such as lines and stripes when referning to
e of the lung and atso sometimes uses overly vivid expressions such as the
Such enlarg::%: or medial closure of the aortic window when meanng stmple things
anery o e, Iungymus or normal lung area just above the entrance of the left pulmonary

ese
and |smc:}‘.]::| remarks refer to some details In most other respects the book 15 excellent
e reading by all those who w everyday work have to evatuate the mediastinum

Alfred § amos:
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CERFIRAL RADIONUCHIDE ANGIOCRAT 1ty By Frank H Deland W B Saunders Phie'dphs
1976

The book t» confined almost exclusinely to radionuclide angrogriphy with verter e
Jection nd shis must be regarded 1s a shortcoming The opening chapters conta 8 con
prehensive historical sursey and a short but well sflustrated account of the vascalat 2ndm
although the chapter on embryology Tacks connecting fmks with the fo"owmrg sectians. T
strength of the book lies 1 1ts abundance of illustrations

A Inrge number of chinse 1l cases are described ging a good 1dea of the diagnostu e
teristics in different types of diseases As the findings are in most £ases corrclatel edvuh
clectroencephalography, cchocncephilography nd the clnical history and not with o
puter tomogriphy and angiogriphy some doubts are felt on many pornts resardy g
evalutions that re made A more exhaustine documentation of the dugaeste aoum
of the method would hive been of vilue The rocntgenologic tlustrations which art
very numerous arc unsatisfactory In the final chapter the apphations of datap \W‘:f
of recorded actinity are described n clewr and simple language The book 1 hardly st

for reccommendation to expericnced neuroridiolopists
| ’ Tomas Hntnrsh
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COMPUTER TOMOGRAPHY AS THE PRIMARY
RADIOLOGIC PROCEDURE IN ACUTE
SUBARACHNOID HEMORRHAGE

JAN BRISMAR

Cerebral angiography especrally when performed as a four vessel examination
for the evaluation of a subarachnoid hemorrhage 1s 2 ime-consuming and expensive
procedure causing discomfort to the patient and carrying a slight but significant
sk of sertous c Computer hy permuts the direct demonstra
tion of blood 1n the subarachnord space the vi lar system or the brain paren
thyma Sesveral recent reports have demonstrated that this capability of computer
tomography may be used for the localization of the bleeding source as well as 1n
predicing the underlying pathology n cases with a subarachnoid hemorrhage
(DAvis et coll 1976 KeEnDaLL et colt 1976 LiLiequist et coll 1977 Scottt et call
1977 Computer ¢ has th been advocated as the primary procedure

P
M n acute subarachnoid hemorrhage (LiLtequist et coll Scort et coll)

This statement has been questioned by ALMAANI & RICHARDSON (1978) on the
basts that an,

glography must still be performed Two recent reports (BAnr &
HODGES 1978 LaRsow et coll 1978) state that the aggregate costs for radiologic
proceduces s she evatuation of cerebrovascular lesions had increased 1n their
departments after di of p without any
HMPTOvement 1n patient care
el“e Present analysis was performed to evaluate to what extent the routine use
comput,
‘#r tomography a» the primary radiologic procedure in cases with acyte
From the Section of Ne D
gY of D
$185 Lund Sueden Sabmitted Tor patemeer s Tanuaey 1973 O1°8Y Unisersity Hospuat

ANR I I flaDag o % (979 Fas 6 849
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CERERRAL RADIONUCLIDE ANGIOGRAPHY By Frank 1 DeLand W B Szunders Phist's
1976

The book 1s confined almost exclusnely to radionuclide angiopraphy with vertes pr-
section and this must be regarded as a shortcoruag The opeang chapters contaragr
prehensise hustorical sursey and a short but well dlustrated account of the vascular anatony
although the chapter on embryology lacks connetng Iinks with the Tollowing sections. Pt
strength of the book hes i s abundance of illustrations

A large number of clinical cases are described givinga good 1dca of the diaeno e
tersstics e different types of discases As the findings are i most cases correlared ety b
clectr phalography ect b hy and the chnicat story and rotwhﬂ:
puter tomography and angiography some doubts are felt on many pot 1§ et “‘
cvaluations that are made A more exhaustive documentation of the draaosti m:’&ql
of the method would have been of salue The rocntgenologic ilustrations which & :r:
very numerous are unsatistactory In the final chapter, the apphications of daﬂ'{rm;w
of recorded actinty are described mn cloar and simple language The book 1 hardly sul
for recommendation to expericnced neuroradiologists

Tomas Hudmarsh
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Fig 2 149 patients with acute
subarachnord hemorrhage angd
{ achinical history combpatible with
i the tupture of an intracranial
’_E artenal aneurysm Age and sex
-
3

P
H [y di tribution of material divided
[ mto final diagnoses [T ane
P e urysm [ hemorrhage no
ol etiology {——T.crebral hemor
Ffafatan rhage arteriovenous
9 s0 50 malformatien £ muxed

subarachnoid hemorrhage could obwate the need for or umi

t the extent of a
subsequent phy The undisputed value of P! tomogeraphy for the
later managemont of the patients with respect to the deveolpment of 1schema
infarcts repeat ble dinys hydr and I

e will not
iscussed  nether will the therapeutic implications of a disclosure of ap
nirasentricular hemorrhage

Material and Methods

“as routnely performed on the day of admission as the

ocedure In a few cases predominantly early in the serses T
5ons not performed until after angiography n single cases atter
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n 95 n 18 n 10 n 10 n8 n 10 4
)
5
~ -
Z
z 2z
-, Z""'
X “
iz Z ZRERYZ A1
SAIVIP  SAIVIP  SAIVIP SA iv p Salv P BANEF
#9days

1 day 2dsye 3 days 4-5days  6-8aays
Fig I CT findings m 149 patients examined for acute subarachnoid hemorrhage relation o
Interval between bleeding and CT Left column 1 day denotes examination pcr[ormtd whate
day after the hemorrhage n=number of patients in each group SA [Vand ]Pdgnolzb!mh“
subarachnord ntraventricular and intraparenchymatous spaces respectnely For S4 2 !
lower darker part indicates much blood upper hghter part ‘small amount of blood D2 kuet
arex denotes fractron of cxamunattons without abnormality

Table 1
Extent of angiography both Jor the entire material and for those cases ¢ cammed with CTwitht ’&‘w
aftr subarachnowd I ditrded mto categories of final diagnosis Fignres sohun paren fe )
denote mumber of examinations whore @ bilateral carond eramunation Was obrared b 37 B
infections and contralateral carotid conpressiont
Dilateral carotid angrography  Umilateral carotid No arac- Toul
L graphy
Biht Unilat  No -—_
vert vert vert Untit  No
vert vert
Subarachnoid hemorrhage — no etiology
CT<2d 13 6 sy _ _ 2 "‘
Total 21 () o () 7() . _ 2 »
Aneurysm
CT-2d 15 0 19 (6) _ 6 53
Tota! 3 15() 236 . 8 6§
Cercbral hemorrhage
cr<d 3 —~ 202 1 6 10 2
Total am = 1 1 6 12 K
Attentavenous malformations
cT<d - 3 2 ! 1 - ?
- 4 2 ! t — 8

Total
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Fig 6 Patient with acute sub-
arachnoid hemorrhage Much
subarachnoid blood ( + ~ ) the
suprasellac (=) ambient (+)
and pontine (#>) cisterns as well
as i the Sylvian (#+) and inter
hemispheric () hissures  Also
hemorrhage in the bramstem
and blood m the lateral ven
tricles

v artery 23 of the antenor communicating artery 3 of the basilar artery one of the
postersor 1nferior cerebellar artery and 5 of other locations Primary intracerebral
bemorrhage was found 1n 27 patients arteriovenous malformation 1n 8 bram
tumor tn 4 (one probable) trauma in 3 and probable infarct 1n one patient In 39
<ases no etiology for the hemorrhage could be demonstrated The age and sex
distribution of the entire matertal split imnto the different diagnostic categonies 1s
Presented 1n Fig 2 If no ettology was found 1n spite of bilateral carotid and unr or

bilateral vertebral angiography the case was classifted as hemorrhage—no etiology
U a less extensive b

grap had been perf the cases were
Tegistered as incomplete exammations
‘hFodr tach diagnostic category the CT examinations were evaluated with respect to
e d
of an

Qo (Fig 3) or an tcular (Figs

emorthage as well as to the presence and distnbution of blood w the
Xzbarachnmd space (Figs 6 7) For the subarachnoid and mtraventrcular spaces
ke amount of blood was classified as + + (much blood) or + (small amount of
blood) Blood was considered to be present

~ m the cisterns only when these had
Y21on values well above those mn the surroundmg bramn tissue
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hage chnically presrd

Tig 3 Lehsided superficinl pareto-occipital mtreay hy mato
as acute subarachnoid hemorrhage

e
Fiy, 4 Panent with acute subarichnoid hemorrhage Much blood (+ +) in the ventrietlt 3

Fig 5 Patient with acute sub
arachnord  hemorrhage  Small
amount of blood (4 ) mn the oc
aipital horns (—)

an iaterval of several days The miterval between the hemorrhage 20¢ ““ES;
examinition ppers m Fig 1 All CT cxammations were performed or 8 0“
1010 head scanner usmg 10 mm shce thickness normal aceuracy and dchmIN
modc and 240 revolution Intravenous contrist medum was guen only 1t a«\h
paticnts on special mdications re findings on the not enhanced scan sugsesiie
presence of a tumor or an “rtertovenous malformatron

Routme techniques were used for angiography The ngiogriphy was !
cases plnned and restricted with consideration to the fndings 1t CT The exk
the angrography for the different categories of final dragnosis 1s given t T8

The total nformation wvailble from the history CT examunation, angiof "
and, 1 some cases also surgery or autopsy was used to establish the final dl:jm:‘:o"
In 67 patents 90 aneurysms were found one ancurysm in 51 210 12 an o
than 2 ancurysms 1 4 patients The focation of the ancurysms was as [ollowcm
of the mternal carotid—posterior communicating artery 25 of the muddle cer

1 mam
ent

bk 1
rapht
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Fig 6 Patient with acute sub-
arachnoid hemorrhage Much
subarachnoid blood (+ +)mthe
suprasellar (=) ambient (+>)
and pontine (#>) aisterns as well
as in the Sylvian (#> ) and inter
hemisphenic (>—>) hissures Also
hemorrhage m the bratnstem
and bleod 1n the lateral ven
tricles

sartery 23 of the antertor communicating artery 3 of the basilar artery one of the
f

Posterior inferior cerebellar artery and 5 of other locations Primary intracerebral
hemorrhage was found m 27 patients arteriovenous malformation 1n 8 bram
tumor

N 4 (one probable) trauma n 3 and probable infarct 1n one patient In 39
€ases no etiology for the hemorrhage could be demonstrated The age and sex
distnbution of the entire matental spht into the different dragnostic categories 15
Presented 1n Fig 2 1f o etiology was found 1n sprte of bilateral carotid and um1 or
bilateral vertebral angiography the case was classified as hemorrhage—no etiology
2 tess euensive angiographic examinatron had been performed the cases were
fegistered as Incomplete exammations

xh:F:r ¢ach diapnostic category the CT exammations were evaluated with respect to
P : : (Fig 3) or an mtraventricular (Figs
b ge as well as to the prcse:ace aLnd distribution of blood 1n the
ihe amouns rspac: (Figs 6 7) For the and int spaces
ooy By ;l blood was classified as ++ (much blood) or + (small amount of
oot :v Was considered to be present in the cisterns only when these had
alues well above those m the surrounding bram tissue
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g 3 Fig 4
Fig 3 Leftsided supcrficial panieta occiputal intraparenchymatous hemorrhaze chimically prest §
as acute subarichnord hemorrhage -
Iig 4 Pauent with acute subarachnoid hemorrhage Much blood (++) in the sentricular s

Fig 5 Patient with acute sub
arachnord  hemorrhage  Small
amount of blood (+) m the oc
caipital horns (—=)

he (1
an mterval of several days The miterval between the hemorrhge and a‘“ e

exammation appears 1 Fig 1 All CT exanunations were performed on "
1010 head scanner using 10 mm shice thickness pormal tccuracy and dchmm
mode and 240° revolution Intrwvenous contrast medm was guven only It ﬂ«w
patients on special mdications 1e findings on the not enhanced scan supzesh
presence of 1 tumor or 1n Arteriovenous malformation any
Routine technrques were used for angiography The nagiogriphy was n ol
cases plinned and restricted with constderation to the findings 1t CT The c“;k‘
the angrography for the different categorics of finl diagnosts 1s given 10 Tal "
The total mform1tion wulable from the history CT examunation, anmogrﬂl’sb
and, 1n some cases also surgery or autopsy w1 used to establish the final d‘::}":j\rt
In 67 patients 90 ancurysms werc found one ancurysm n 51, 2 m 12 "y
than 2 aneurysms in 4 patients The location of the aneurysms was as follow o
of the mnternal carotid—posterior communicating artery, 25 of the middle cetc
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Fig. 6 Patient wath acute sub-
arachnod hemorrhage Much
subara hnowd blood (~ +)inthe
suprasellar ( *) ambent (&>}
and pontine (#>) cisterns as well
as1n the Sylvian (#+) and inter
henuspheric {—) fissures Also
hemorthage m the bramstem
and blood m the lateral ven
ticles

Jariery 23 of the anterior communicating artery 3 of the bastlar artery one of the
pastersor infersor cerebellar artery and 5 of other locations Primary intracerebral
bemorrhage was found m 27 patwents arteniovefous malformaton in 8 bran
tumor sm 4 {one probable) trauma i 3 and probable wnfarct 1 one patient In 39
” “ases 00 etiology for the b h could be d d The age and sex
7 distrbytion of the entire matenial spht nto the different dragnostic categones 15
3 Presested i Fig 2 If no etiology was found in spite of bilateral carotid and um or

lateral sertebrat angiography the case was «lassifted as hemorrhage~no etioJogy

A
» o aess extensive angiographic examunation had been performed the cases were
e 15tered 35 mcomplete examinations

oE lhfi( €ach diagnostic category the CT exarminations were evaluated wath Tespect 1o

4 5) hcmnnha 3 oaf . 1t : (Flg 3) stabaton : <Flgs
% s :; - ;F:\ge’ 6.197 )tor:’t:c‘ ::c::;:u and distnbution of blood mn the
L e rachnoid and intraventrcular spaces
b3 o ;nwn! of blood was classified as + + (much blood) or + (small amount of
’ R m° } Blood was considered to be present in the asterns only when these had
» enustion values well abase those in the sussounding bram tissue
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Iig 7 Patient with acute sub
arachnord  hemorrhage  Small
amount of blood (+) n the
nght Syhian (—) and in the
mterhemispheric (++) fissures

Results

The correlation between the presence and amount of demonstrable blood 1 t*
different compartments and the final dragnosts 1s presented Table 2 N

The percentape of positne findings 1n relation to the time Japre betweent \
hemorrhage and the CT extmunation appears m Fig 1 The percentat of MTL
findings was highest during the first 2 days followsne the blecding (day of blcedlrnﬂ
day 0) and thercafter successively decreased Only one of 10 eximinations pcrf(:! "
more than 8 days after the hemorrhage w1s positive—a small amount of bloo ;
demonstrated m one of the Iateral ventricles on the tnelith day Howews the po
stbility of 1 repeat bleeding cannot be excluded i this case i

In order to evalunte the diagnostic value of a CT examnation perform -
acute stage of subarichnoid hemorrhage pattents with 1 CT cxamunation eIt T
duning the first 2 days following the hemorrhage were wnalysed separatehy s
materral thus reduced amounted to 113 patients 53 ancurysms 7 anerm\cm
mallormations 22 sntracerebral hemorrhages 3 tumors 2 trauma cases 13 "
arichnowd hemorrhages—no etiology and 7 cases classified as icomplete cmmm
tion The percentage of ncgatne examunations as well as the frequency "{[;:“ﬂ
parenchymatous mtriventriculir and subarachnord hemorrhage for the dlcc o
groups of final diagnosis 1s given m Fig 8 Blood 1n the subarachnotd Spd o
observed m more than 90 per cent of the ancurysm group m about half of the "
with arteriovenous malformations or hemorrhage—no etiology and m on¢ foud&
of the cases with intraccrebral hemorrhage Intraventricular hemorrhage W3¢ o
monstrated 1n two thirds of the artertovenous maiformations and mlrutﬂ'fm
hemorrhages 1n one third of the aneurysms and hemorrhige—no etiology N‘ ;
Furthermore the patients wn the first two groups often had much blood ;nvn
ventricles patients 1n the latter two groups usually only a small amount ndm
parenchymatous hemorrhage was found 1n 40 per cent of the aneurysm mscsdan“m
6 of 7 malformations The CT examumations was considered normal in one third © M
patients n the hemorriage—no etrology group in one of 7 in the malformations

—
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e malformation no etiology hemorrhage
~ 22 %
| 53 n7 n 719 n ] % 00

1

SA IV 1P SA IV 1P SA v ap SA v Ip
Fig 8 CT findings for each dia; ostic category All CT examinations performed with 2 days after
e subarach:mcfs hem;rrhngc N Patients cassilied as subarachnoid hemorrhage no etiology
dound at vertebral and byfateral carotid angiography n=number of patients in each group SA IV
and IP denote blood in the sybs 1t lar and Spaces yespec
bvely For SA and IV fower darker part mdicates much blood upper lighter part small amount of
blood Dark upper arca denotes fraction of examinations without abnormahty

ok}

188 per cent of the aneu
artery ancurysms)
The correlation between the | !

blood 1 the subarachnosd space and the loc:
aneurysm cases that we

Tysm group (4 cases 1 anterior and 3 posterior commumcating

of h

p bleeding and
ation of the ruptured aneurysm for all
re examimned within 2 days after the bleeding 15 presented
™ Table 3 In all 12 cases with a ruptured mrddle cerebral artery ancurysm the side
"o the hemorrhage was ndicated by the CT while 1n 7 of 20 cases w
ommunicating artery aneurysm CT was non informative and 1n
Misleadmg In 9 of 15 cases with an aj
2mount of blood was found on both sides
Totally of 37 patients with a ruptured migh
Bymmetne distibution of the blood
2neurysms were 4 and 29 respectively (
healthy side)

The detarfeq distibution of blood
o mteas entracular and intraparenchy;
UTYsm appegr g Table 4 The dis
ebral ariery aneurysm hag

ith a posterior
one case even
urysm the same
5 cases more blood on one side
ne aneurysm 11 had symmetric and §
the corresponding figures for 36 lateral
of these one case had most blood on the

nterior communicating artery ane

m the subarachnoid space and the presence
matous blood in relation to locatron of the

tnbution of blood 1n all cases with a ruptured

’ d the same appearance much blood in the
P'steral Sytyian fissure (Fig 9) often also an Intraparenchymatous hematoma
distnbution of blood was usually evidently asymmetnc and 1n most cases no
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Table 2

Dustribution of extravasated blood at CT correlated to final diagnosts in 149 pancnts wi hsibrak ¢

hemarrhage and climeally possible ruptured itracramal ancurysm s p f =sirk pa bl i

+ = wpmuch blood Ao ctiokogy =no explanation for hemorrhage wnspic of vertebral ¢ L
carotid angrographies Incompl te =less extensive evaluation performed

Blood Cere  Aneu  Arteno  Subarachnod  Trauma Turer ™
bral nsm  ‘enous  hemorrhaee
hemor malfor
rhage mation  No Incom
ctioloey plete
Inteaparenchymatous 27 21 6 —_ 1 2 * A
Intrapirenchymatous
spf o - - - - 1 =1
Intraventricular 16 21 5 7 5 - ? :6
Intraventricutar + - 12 4 5 1 2 - 1 s
Inteaventricular spf — 2 — 2 2 - - b
Jntraventricular + + ,
spt — — - 1 1 -,
Subarachnoid space 5 53 3 14 5 — - §
Subarachnodd space ++ 5 46 1 10 4 - - 63
Subarachnoid space spf  — 23 — 10 1 - -
Subarachnord sprce + + 5
spf — 16 - 8 1 - -
Table 3

el
Correlation betncen aneury sm location and laterahisanon features of CT cxaminnons 5350
examincd with CT within 2 davs after acute subarachnord hemorrha ¢

At com Post com Mddh Dastar  Ober T
artery artery cercbral  artety Jowations
Hematoma locahsmng ,
aneurysm Ki 5 8 0 3 t
More blood on side of
aneurysm — 7 4 _ 0 It
Symmetric distribution
of blood s 4 0 a 0 n
Asymmetnc dstribution of
blood muditne aneutysm 5 - . 0 _ 5
More blood on healthy side —_ 1 o _ o 1
No abnormahty 1 3 o 0 P I3
blood or only a small ppeared n the ambrent cisterns In the grovp®
antertor communmcating artery ancurysms most blood was found mn the nterkrals
pheric fissure relatively much blood n the Sylvian fissure and hitle of any b"’m:":n
unicd

the ambrent cisterns (Fig 10) In patients with a ruptured postertor comm
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Table 4

Jstnbuton of Blood at CT 0 10 2 days after subarachnoud hemorrhage corvelated 1o location of
newrysm -+ = small amount of blood + + =puch blood \ = more blood than on contralatcral side

upra Syhvian fissure Ambent cistern Interhem  Intra Intra
ellar

fissure ventr parench
Tpsilat Contralat  Ipsifat Contralat

‘osterior communicating artery

- - - +* - -
- at - T+ * -
- ) + Al T o T B
- + - * ’
-~ - -+ A
- - - =T o
-t +r - T o -
N -- - + - - T ) -
.~ e 4 +0
- + + v T
+ - N
. . + - - T T
Antertor communicating artery
- + - + et -
+ + + -
- - + 4 * -
- ¥ - - ~-
) P + -+
e -
N ) Tt + +
- - - + 4 +
. 4 s
R - +
- + + - s -
Middle cerebrat artery
- ++
- +
" + + +
- !
. +4 + + :
+
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Table 4 (cont )

Supra Sylvian fissure Ambient cistern Interhem  Intra Inin

seliar fissure  aentr parench
Ipsilat Contralat  Ipstiat Contralat

- +* o+ + v + 4+ ++ -

+ & + + M

+ + 4 - + + -

++ + + + + +
++ + + + *
-+ + +

+ + o+ ++ ++ + - +

artery 1neurysm, blood was usually more evenly distributed m the basal cste’
(Fig 11) Blood 1n the ambrent cisterns was a much more common finding 30 s
group than for other ancurysm locations In most cases no evident lateralzaion t.(
the blood in the group with posterior commumnicating artery aneurysms was oot
1n contrast to the findings with middle cerebral artery aneurysms

Discusston

erebrospinal fud 83

Subarachnord hemorthage 1¢ presence of blood m the ¢
of lesions Rept

non specific finding that may be caused by a varety
aneurysms trauma spontancous itracerebral hemorrhages :1rtenoven0u>m“‘“""f‘1
tions and malignant tumors are common wauses The ‘physician s task 1s 10 asses ‘b
bhelthood that the cruse of the hemorrhage 1s 2 remedinl lesion and, therefore ‘:
need for intracrantal mvestigations (Editorral Bnt med J 1978) Previousty?
clnican has been forced to make ths assessment solely on the basis of choi
fustory and chnical findings 1n a few cases supplemented with informanon
mudline shift from skull films or ultrasound The mntroduction of CT has prové
the physicran with @ much more potent diagnostic tool permitttng the durect deme®
stratton of infarcts and tumors, mtraparenchymatous and ntraventrcular hemorthd
ges and even blood mn the subarachnoid space In this department CT disclosed 38
with post traumatic abnormahities one mfarct and 4 tumor cases (1 equivocdt
among 149 patients with chnical suggestion of a ruptured intracranial aneurys™
n establishing the cause of a subarachnord hemorrhage 1t 15 often diffrcult to it
ferentiate between a primary ntracerebral hemorrhage and an aneurysmal ruptuf

Partlcularly when the latter 1s associated with an intracerebral hematoma The
differentiation can now be made with high accuracy from the CT findings )
hen usif

Havwarp & O REILLY (1976) reported 90 per cent correct dragnosis ¥
the location and appearance at CT 1 predicting the underlying pathology 1 1

cases with non fraumatic intracerebral hematoma The identificiation of spontaneo?
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Fig. 9 Subarachnoid hemorrhage after rupture of 2 nghtsided rmddl]e oirebmrll;;t‘e‘r% :f;ugr;:h
4Much blood (+ ~) 1 the suprasellar cisterns (—) and the ipsilateral Syl v-:n"c Tsare Gy
amount (~) 1n the contralateral ambient cistern (#+) and the interhemisphe:

Fig 10 Subarachnod hemor
rhage following tupture of an
antetior communicatmg artery
aneurysm  Much blood (- +)
m the intethemispheric {~)and
both Sylvian fissures ()
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unicating arfery ancunsm
erns (=)

Tig 11 Subarachnoid hemorrhage followng rupture of a posterior comm
Small amount of blood (+} in the suprascllar () and both ambrent cist

fhiemorrhage was successful also in the present material As evident from Table 5 @
ble hemorrhact

ntraparenchymatous hemorrhage 1f not assoctated with a demonstra
1n the subarichnord space constituted a primary hemorrhage n 17 of 21 cases and
i only one case was it due to a ruptured aneurysm On the other hand an i3
prenchymatous hemorrhage, when assoctated with demonstrable hemorrhare 1M
the subarachnoid space 11 20 of 29 cases was caused by an aneurysm rupture ande
only 5 cases constituted a primry hemorrhage Four of the latter 5 cases had ‘h;
typical CT appearance of a central spontaneous intracerebral hemorthage the hhr
was 1 hemorrhage in the brain stem (Fig 6) The capabiity of CT 10 1denh§
tumors, triumt and spontaneous hemorrhages—a group amounting {0 34d “d
cases in the present material—and 1n 1 majonty of these cases to obviate the 0¢
for extensive angiography 1s probably sufficient to economcally motivate the 1%
une use of CT as the primary examuation 1n cases with subarachnoid hcmt‘m'h”d
However this 1s not the only capability of CT in the evaluation of subamchnﬂ;
hemorthage In cases with a ruptured mntracramal aneurysm CT often indicates e
side of the Ieston by demonstrating an intricerebral hematoma of an uneven distriby
tion of the blood n the subarichnoid space KenpaLr et coll found Tateralising
features 1n 86 per cent of their aneurysm cases when CT was performed withi
days after the bleeding ScoTTI ct coll found blood m the subarachnoid space nd
42 pattents examined within 7 days of the bleeding and predicted that CT wovt
prove to be reliable 1n 100 per cent and obviate the need for Jumbar purcl®
provided the examination was performed within 5 to 7 days after the bleedin?
On the other hand ALMAANI & RICHARDSOV though able to locate the aneurysm A
all their cases with an abnormal CT scan could demonstrate blood 1n the sob-
arachnoid space m only 29 of 58 patients and thereforc ussessed the technique 3 ¢
Jimuted value However they did not report the time imterval between the bleedin?
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Table 8
ompargmental distribution of blood in relation to final diagnosis w113 patients examuned with CT
ufin 2 doys after subarachnowd hemorrhage  No etology group consists of patients examined with
wtebral o5 mell as caronid angiography Incomplete group conssts of patients subjected to less
extensite h and no expla of. h

Total Aneu  Arterio- Subarachnod Cerebral

Tysm  venous  hemorhage hemor
maltor thage
mation  No Incom

etiology plete
wmor trauma infarction 5
nizaparenchymatous blood 1n some
also subarachnoid or intraventricular 50
Also subarachaoid blood 2 -0 3 o 1 s
No subarachinosd blood 1 1 3 0 0 n
0 1otraparenchymiatous blood sub-
aiachnoid blood possibly also intra
ventricutar 42
More blood on one side 21 17 0 3 1 o
Symmetric distribution 21 n 4 7 3 0
Inly mtraventnicular blood 3 - 0 2 1 0
Normal examunation 13 4 1 7 ! °

:so:':(grmmxmdem from the present matertal (Fig 1) as well as from other
ot QUIST et coll  ScoTH et coll KenbaLL et coll) blood i the sub
Pace 13 demonstrated with 2 high frequency only duning the first few

da3s followmg the bleeding -
cm:::‘i:;abxm{ of CT to locate the ruptured aneurysm s of main significance 1n
st 1‘mu :ple aneurysms  where difficuities m identifying the aneurysm
i or the bleeding sometimes occur KheNDALL et coll reported absence of

te angiograptuc localizing features 1n 43 per cent of ther cases
::ltuc of‘;larlmg the angiographie examinauons with the proper vessel 1s
s ‘:: neks“rrgmal policy regarding multiple aneurysms If i order 1o
ineidenty g sk of future hemorrhages (HEISKANEN & MARTTILA 1970) also
rerlormes murzsms are operated upon complete four vessel examination must be
evenmg the Iale) case and the value 15 imited However KEwDALL et coll  after
ancuysres mldra;u;c and analysing a personal material of 100 cases with multiple
15wl nl uded that the incidence of hemorrhage from incidental aneurysms
theretone y:ool“ to justfy not interfering with the majonity of them and
tecemly ruplurch:m angography to that necessary for proper treatment of the
 vang OF ) m:eurysms If thus polrey 15 accepted large savings will be gamed
1 the prestns primary exammation i cases with subarachnord hemorrhage
o the g ““: enal (Tabl» 3) an angiography starting with the carotid attery
most blood would catch the feeding vessel of 3 lateralised

depend,
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osterior cummunicating artery
and both ambient cistems.

Fig 12 8

arsutsm llk;::alm&;léldhcmorrhagc following rupture of rightsided p

In sprte of mhtondod I(+ + ) in both Sylvian fissures mn the suprasellar
ocation of aneurysm most blood in the left ambrent cistera

¢ demonstration o2
1n the wrong vesst
tid artery vould
sm (4 of wheh
ning 6 cases
t contribute

aneur:
mld[[:::l;:uiss: 34 Z“CS tn 5 cases would be adequate for th
Among 5 cases w 'tllr: n only one case would be performed
be adequate 1n 9 cals 1 symmetric distribution of bloed any caro
were clearly mdtc'ltcjstl\rmh an anterior communicating artery ancury
as well as n 4 cases with rough a localized hematoma) while n the remat
to the evaluation no abnormality at CT this examination would no
A related qu
if CT clcarl)?l:tsctll'gll:sl:s‘:::lrer or not to pursue a complete four vessel angiosih?
angiogriphy In none of th esion and no abnormaty s found at 2 proper carote!
source of the hemorrha, ee}fases in the materal of krNpay et coll 1 which
complete angiography deri ad not been found near the CT abrormality did?
1n one patient (Fig 12) i ‘gnstrale a relevant leston elsewhere On the othef hand
arachnord space on the nor: plresent materral more blood was observed It the sub
a wise philosophy would m;:) side than on the side of the aneurysm At presert
angiography on the side of t:;oc-zll-b]) be when no abnormahty IS found at carote
graphy only 1n cases with clearl abnormality to avoid a complete four yessel angi®
lobe hematomas only pmwde:r y located hemntoma at CT 1n c1ses with tempord
An additional value of CT 15 the posterior communicating arery s well &PELe
aneurysm projections 1s prima glf“""d 1n cses where ngiography ustog the Foult
cases a blood distribution at Cl;‘y constdered to be without abnormality I suck
o~ laation of the films if neces clearly localising the lesion should motnate 8 ¢
a repeat anmography This smsary supplementary projections and probably abe
mddle cerebral and anterior czmme;:, 1s valid particularly for aneurysms of the
e il snd ner commtog sy wher s gl T

et coll)
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Conclusion

| Based on the expersence from a matenad of 149 paticats with acute subarachnoid
aemorchage and a chcal history consitent with the rupture of an intracramal
artenal anearysm 1t 1s concluded that CT s motivated as the primary examina
ton 1 the evaluation of acute subarachnoid hemorrhage because

[ (1) Cases with disorders such as malignant tmors traumatic Jjaries of primary
wtracercbral hemorrhages (totally 43 cases) were identified and the subsequent
angiography could be limited or even obviated
. (3 When performed within the first few days CT usually indicated the side and
zeen sie of the ruptured aneurysm If the surgical policy of only operating upon
Tuptared aneurysms and not upon incidental ones 1s gcoepied e angography
could thus start with and be restucted to what is needed for an evaluation of the
muptured aneurysm

(3) In cases where CT clearly indicates a focal lesion but angiography of the
proper vessel 15 normal there may be for a repeat h

SUMMARY

: . E mzcs perftonned n 149 pavents with acute subarachnod hemorrhage and chinical
whes ‘g’:rfvnﬂs;m with an aneurysm rupture and was found informative sn most cases
other mu‘::‘: witun one week alter the hemorrhage CT dusclosed in 29 per cent of cases
Pl ot l:xe hemorrhage than a ruptured aneurysm (intracerebral hemorrhage
s trauma tfarcy snd an extensive angogtaphic evalustion could be omiied In

«of { h(m the hemorrhage was caused by an ancurysm rupture the distiibution
<ated the aney om(i 1 the subarachnord space and the brain parenchyma usvally md
These c,pab,,,;’:“‘ {"Z.““‘“‘—angmgmphy could thus be restricted to the propes vessel
PmAry Imestiga, T are sufficient to economically motivate 1ts Toutine use as the

Vestigation in cases with an acute subarachnord hemorrhage

ZUSAMMENFASSUNG
Com
nd kl‘z:":;‘ﬂmg’gmphue welche ber 149 Patienten mit skuter subarachnotdaler Blutung
* eolam “m;n cfunden die mut einer Ruptur eines Aneurysmas uberenstimmen durch
“ nich der Bluezu“m m den mesten Fallen mnformativ wenn diese mnerhalb emer Woche
Urss b mn;\vcnxcncmmen wurde CT offenbarte 1n 29 Prozent der Falle andere
S Truma gk utung als eine Ruptur eines Aneurysmas intrazerebrale Blutung Tumor
4 et a7k wed eine s u Yomnte vermede
B ‘"“m:h[ly, :rnm:,gcn Paticaten tes denen die Blutung durch eime Ruptur eines Anenrysmas
U dem Got e lserte die Verteitung des extravasierten Blutes in dern Subarchnoidalra
* Yonme ady ch aup dag en kh‘ h die Lokl des Aneyry 10 e
an ntsprechende € efass eingeschrenkt wel
gen rden Diese E;
. *L"'““pmn;&:g umt CT okonomisch fur die Routine Anwendung als pnr,g:mtza“m
¢ ter Fallen mut einer akuten Blutung zu T et

‘j i
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RESUME

Une d étric a éte g chez 149 malades atteints d hémorragie sousam b
noldienne aigue et ayant des signes cliniques éyvoquant une rupture d anévnisme elleate
utile dans la plupart des cas quand elle est cffectude dans la semaine que suit | hémors
La TDM a ruselé dans 29 pour cent des cas une cause d hémorragie autre qu une rupue
danévnsme (hémorragie intracér brale tumeur traumatisme ramolltssement) et a pers
d éviter un examen angiographique étendu Chez les malades dont 1 hémorraze est cauet
par une rupture d anéynsme la répartition du sang extravase dans I espace sous arachny
dien ct dans Ie parenchyme cérébral a en pénéral indiqué fa situation de ] anesrsme |aneo-
griphie a ainsi pu ctre himitée au vaisseau cn cause Ces possibilités de Ia TDM suffusenta
Justifier écononuquement son utihsation courante comme premier moyen d examen das
Ies ¢1s d hémorragie sous arachnoidienne aigue
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ROM THE DEPARTMENT OF DIAGNOSTIC RADIOLOGY UNIVERSITY HOSPITAL S 22185
LUND SWEDEN

PORTO SYSTEMIC COLLATERALS IN
CIRRHOSIS OF THE LIVER

Selective percutaneous transhepatic catheterization
of the portal venous system 1n portal hypertension

J Hoevets A LunperquisT U TyLEN and G SIMERT

In upper gastromtestinal bleeding 1n patients with cirrhosss of the hiver portal
¥ and varices a new tk method was obtained
when LUNDERQUIST & Vang (1974) applied the percutaneou
to the portal venous system for occll of porto-syst it} feeding eso
™2 eal varices Before this treatment 1s applied a thorough demonstration of all
collateral veins to the distal segment of the h 15 d
teanshepatic portography and selective cath
8 provide this essential mor,
Porto-systemic ¢

s transhepatic access

3

P

of the major splanchnic veins
phologic and hemodynamic information The various

and their it to the p:
Pressure and direction of blood Ttow 1n the main stem
n the present communication

ling portal venous
.

of the portal vein are reported

Material and Methods

The seres comprised 93 pauents (62
Years of ape (mean 58 years) The mat
, ““O\Secl‘lnlcal and portographic findn,

males 31 females) ranging from 16 to 90
enal included the majonty of the patients
8s were correlated 1n 4 recent investigation
S bmitted for publ cation 1 December 1978

£eD g YU Face 865
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(SMERT ¢t coll 1978) Cases were excluded in which specific treatment of poryl
hypertenston such 1s surgical shunts or sclerosing injections had been carried ort
Needle biopsy or post mortem cxammnation confirmed the diagnosis of cirrhoss of
the Iiver i 65 cases whereas in 28 cases the diagnosis was based on clnid ard
Inboratory findings only In 3 circhotie Invers @ primary malignant tumor was foun'

Demonstration of portal vemn patency by arterial portography is necessary o
percutancous transhepatic portography 1s carned out, which was petlormed wih
the pitient supine Followng premedicatton (10 mg drazepam and 05 me ateopint
itramuscularly) and local 2nesthesia of the subcutis and ntercostal tissue, 8740
long stylet in a polyethylene catheter (OD/ID 1 6/1 0 mm) under fluoroscopy #8
mserted from the nght midrllary hne towards the area directly cramsa) to
approximate position of the lver hilum  After removal of the stylet the catheter 35
slowly withdriwn until blood could be aspirated Followng 1dentificatioh of
branch from the portal vemn by injection of contrist medium a guide wire bas™
troduced through the catheter and mampulated o the main stem of the portal "m‘
The catheter was then pushed over the guide wire 1nto the main sten of the portd
vain nd the gnde wire removed The techmque of percutaneous transhepatic P““;
ture and cathetenzation of the portal vein has been described m more detal b¥
Hocvres et coll (1978)

Complete cvaluation of hepatofugal venous blood flow towards the veins of .
distal segment of the esophagus requires selective injection info the splenic v
close 1s possible to the hilum of the spleen and i the matn stem of the superior M
enteric vein ah

In 76 cases contrast medium was njected 10to both the splentc yein an l
superior mesenteric vemn whereas 1 17 cases only the splemc vein was cath o
sclectively The catheter was placed i these posttions by the gude wire techmgt
Pressurc recordigs were performed 1n il cases by connecting an open manomett
to the catheter The midaxilary hite was chosen as reference point (.orrespondﬂ:
1pproxim tely to the level of the portal vemn The portohepatic pressure g“‘d"“‘
1e frec portal venous pressure minus frec hepatic venous pressure, was not 84
mmed

The findings at percut ineous transhepatic portography werce evaluat
fied 1ccording to the following criteria

(1) Pressure in the mun stem of the portal ven and 1ts relatio
the portal vemn at its nudpoint 1e haifway between the spleno
and the bifurcation of the mam stem of the portal vein No correction ¥
the magmfication on the film (1pproximately 33°,)

(2) Portal venous pressure related to the direction of blood flow (hepatopet?
hepatofugal) 1 the main stem of the portal vein

(3) Portal venous pressure related to the degree and appearance of porte system
collateral flow 11 the total material

(@) Port 1l venous pressure related to the absence or presence of esophageal vanct

4

ed and cla$

n to the damet ¢
mesentenic Juoth
as made ¥
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Table 1

Porto-systemic collaterals in 93 cases

<ft gastnc vein 80 Left wfertor phrenic vein 16
_ hort gastnc vems 5 Splenorenal gastrorenal coffaterals 24
sophageal veins (vances) 82 Para umbilical vein 7
aresophageal veins 27 Inferior mesentenic vein 35
= fpper spleuc hilum veins n Colon veins 2
< ower splenic hilum veing 24 Retroperitoneal veins 22
~ight mtercostal verns. 3 Inferior epigastnic vems g
sty osal veins 2 Posterior superior pancreatco-dyodenal vein 25
15ttt & aphragm vens 8 Anterior superior pancreatico-duodenal vein 11
fediastinal veins 15 Azygos/hemuazygos vemns 18

() Grading of the extent of esophageal vances arbitranly according to degrees
M3

6) Flow of contrast medium to esophageal varices and para esophageal vews
43 the lelt gastnie vein only the short gastric veins oalv and both left gastrie and
sfort gastric verns

{7} Portal venous pres wre ¢ lated to the diawmeter of the left gastnc vein measured
05 em proximal to s Junction with the portal or splentc vein No correction was
made for the magmircation on the hijm

(8) Porto systemic coltateral flow 1n cases without esophageal vances according
to the findings at portography

Results

(1) The mean value for portal venous pressure 1n the total materral was 35 cm
HO {range 20-50)

} The dtameter of the mamn stem of the portal vein was 18 mm
{ranze 8-40) No correlation was found between the portal venous pressure and the
diameter of 1he main stem of the portal vem
. m(:]):?:; mean value for portal venous pressure when hepatopetal flow 1n the maiy
vhonhe cypaml vein was present (78/93 cases) was 33 cm H O (range 20~50) and
Ben }foomgal Row 1n the mam stem of the portal vein was present (1593 cases)
PN f(mrlgc 28-50) A marginal dilference between the means of these two
. sire mgtzjund However no correlation existed between the portal venous pres
b irection of How 1n the main stem of the portal vein 1 the mdvidual
m(:)aNo correlation was found between the
“;:;t;mn? of porto-systemic coliaterals
‘bdommﬂllg:rblood flow via porto-systemic communications was demonstrated 1n
et g m“mro?emoncal and thoracic vemns A detajled survey of the porto-
eollatery o Tals whick could be rdentified s givenin Table 1 In 12 cases the main
occurred via the left gastric vein only n 31 cases va the left gastoic

portal venous pressure and the extent
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Table 2

Porta crstemne collaterals in 11 cases without esophag.al varices

Short gastri. vems 3
Intercostal veins 3
Lower splente hilum vein 1
Posterior supertor
pancreatico-duodnalven 1

Para umbihical vein
Lelt gastri ven
Inferror mesenteric vern
Splenorenal collateral

- oy

vein ind one major collatertl n 22 cases via the left gastric vein and 2 major ccl
laterals and 1n 15 patients via the left gastric vein and 3 major collatesals In 13 cases
the mun collateral flow occurred via myor collateral vems without encagement o
the left gastric vein

The left gistric vein was classified 1s a large collateral (>10 mm) 1
par1 umbtheal vein (>8 mm) in 9 cases and the inferior mesenteric vein (8
1n 27 cases A splenorenal collateral was classified as a large porto systemi con
municition (>6 mm}) 1n 7 cases

Extremely Irge porto systemic collaterals were present in sinele cases The .
venous pressure ranged between 22 and 30 cm H O in these No case was found 1
which porto systemic collateral flow resulted 1n reduction of the portal venous pres
sure to normal value

(4) The mean ralue for portal venous pressure when esopha
absent (other porto systemic collaterals present) was 31 em H O @ 5
when esophageal varices and other porto systemic colluter s were present ¥ -
H O (ringe 22-50) A margmal difference between the means of these (W0 group
wis found but no correlation between the portal venous pressure an
or presence of esophageal varnices

(5) The esophageal varices were classified as small in 25 cases medium m 355
and large m 22 cases No varices were demonstrated in 11 cses but sel““‘t“’;s
amunation of the left gastric vein was not performed in 5 of these No correlation
found between the degree of csophageal varices and the portal venous pressurc N

(6) Hepatofugal blood flow to the esophageal and para esoph 1geal \umh "
curred via the left gasteic vein in 32 cases and via both the left gastric vein and § :"
gastre veins 1n 43 cases In 7 cases the veins of the distal segment of the esoph?
were filled vin short gastric veins only 3

(7) Hepatofugal blood flow through the Jeft gastric ven was demonstratet ¥
80/93 cases In 75 cases the flow was directed to esophageal 1nd para est‘)lf’h‘hcuM
veins whereas the blood was draned to the inferior vena cava via a gastrorenal s ;
1n 5 cases The mean dimeter of the vein was 8 mm (range 3-14) No correlation ®
found between the portal venous pressure and the drameter of the left gastre ‘lﬂ?n‘

(8) The porto systemic collaterals in 11 cases without esophagel varces are i

m Table 2

n 27 cases 3
m)

portl

acal varioes Bert
range 20-56) and

d the absene®
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Fig 1 73 year-old male with
carcinord tumor of the ileum
Selective  percutaneous  trans
hepatic catheterization and mn
Jection of contrast medium into
inferior mesenteric ver Con
nection with inferior vena cava
{+>) via small retropentoneal
vetn (—) Portal venous pres
sure within normal hmits (12 cm
HO)

Fig 2 66-year-old male with
aithosss of the lver Portal
venous pressure within normal
Lmits (12 cm HO) Porto-
systemic flow from mirahepatic
portal ven branch (=) to
mediastinal vern
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Fig 3 67 yeir old male with cirrhosis of the Iner and portal hyperienston Postal venous pres o

3; cm J1O (uncorrected value) (From Fortschr Rontgenstr 128 (1978) 437 with the pernissot

3 Thieme Verlag Stuttgart ) 2) Sclective myection of contrast medium snto splent vef P“l':
ramage through short gastric and capsule veins of the spleen to spontancous splenorenal shunt (%)

Left gastric vein and esophageal varices not demonstrated b) Selective injetion of cortrast medun

Into superior mesenteric vew Hepatofugal flow through It gastnc vein (0 esophageal VNS
ara veinin ) faleift hepatry

Discussion

The selcctive 1ccess to the main tributaries of the portal vem, 1¢ e splenc kM
gustrie supenior nd inferior mesenteric vemns mahkes percutineous transh pate
portogriphy an sdeal complement to celiae supersor mesentenc, apd lef gatne
angtography for the evaluation of hemodynamics 1n patients with cischosts of e
Itver and increased pressure m the portal venous system In addiion to pressu
recordings and hemody namic analyses 1n different parts of the portl and splanch®
veins 1t makes possible transcatheter occlusion of vems draming blood @ esophased!
varices (LUNDERQUIST & VANG LUNDLRQUIST f coll 1977, 1978 Dovos & &
1975 GUNTHIR et coll 1976 1977 SCOTT ct coll 1976 COOPERMAN & ALFID! 1976,
DrrMrk et coll 1978 Prrriras et coll 1977, WioricH et coll 1978 KELLIR et ol
1978) On the other hand percutaneous transhepatic portography 1s of 10 vatue fo
dingnosis of the bleeding source 1n patients with portal venous hypertensio? *
gastrointestinal hemorrhage Despite selective injectton of contrast medm mn k&
and short gastnic vems during profound hemtemests n 16 of the present P
with endoscoprcally confirmed esophageal vatices, extravasation of contrast mednf
could not be demonstrated

Rerztus (1835) THAMM (1940) 1nd EpWARDS (1951) have demonstralc
dance of normally patent porto systemic communscations 1n the pelvis &
retroperttoneal surfaces of the abdomunl viscern, and in the mediastrnum »

4 an abut
cross the
hich 3
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Fig 4 70 year-old female with
archosis of the Iner and portal
hyp rtension  Portal  venous
pressure 21 ecm H O (uncor
rected valu ) Collateral flow
via extremely dilated left gastric
and short gastric veins 10 eso-
phageal varices Transcatheter
occlusion of collateral vetns
with  Isobutyl 2 Cyanoacrylate
resulted in nse of the portal
venous pressure to 35 cm H,0
ndicating that the esophageat
varices were hemodynamically
effectne  porto-systemic com
munications

farely shown mtra vitam (Figs 1 2) As the demonstration of porto systemic collateral
How depends prmanly on the site of injection of the contrast medim non filled
woliaterals do not necessarily mean that a collateral pathway does not exist {Fig 3)
Consequently the most important advantage of transhepatic p phv and
transumbylical portal catheterization as opposed to percutaneous splenic portography

s the selctive access 1o the splanchnic veins
Whereas the umbifico portal cathetenzation (VIALLET et coll 1970) seems 1o be
'dq:‘t"’a["“ to percutancous transhepatic portography from the diagnostic aspect
“97;?;1; OPInions exist as to the value of percutaneous splentc portography DAGRADI
p und that the fatter d d I vances 1n only
lFu-,‘:;‘:( OIIpancms with very large varices at esophagoscopy on the other hand
i “9;;;1 Dgl955j STEMER et coll (1957) BruwEr & HALLENBECK (1957)
vinces PPMAN & SHAPIRO (1961) observed only single cases with known
0 which no abnormality was found In some cases hepatofugal blood

oW it the portal vern can expla
o the failure of splenic por h:
calvares plenie portography n demonstrating

, lgu)"“g 0 2 corrected portal venous pressure not exceeding 10 cm H,0 (BrLus
Koo NCIeasng ebstruction of the hepatic veins due to Iibrosts and fo

e nodul § 1 the errrhone hver a pears to be the most unportant reason
te hiver ap, o P
for th pres eas

H the portal and splanchnic venous area {KELTY et coll 19
!:t‘i:“l;:ll 1959 Caruer et coll 1961 PIPer 1961 MiTra 1966) —
Donal“m::&m to be ¢stabhished when the gradient between the
Nstemp ror:m the Iiver vesns exceeds 12 ¢m H,0 Hepatolugal blood flow via porto-
orecegy Nnu)mcauons as not observed 1 the present serres when the free (=un
iy 3k Yerous pressure was below 20 cm H,0
RIS (1934) and Byteer (1951) have §

'® Vaseular res)
ol istance to the portal venous fiow 1n the normal hiver 1s very low

tmation of

Portal venous
pressure m the

hown that the sub-mucosal veins of the
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Fiy 6
venous pres’

1 v Hepstt

Portal

n of splen
s shehtlv difated st

Fig 5 54 yaar old female with cirrhosts of the Irver and portal hypertension
34 cm H,0 (uncorrected value) Percutancous transhepatte cathetenzati
fugal flow via short gastri vemns close to the hilum of the splecn to mulupk
dstal segment of the esophagus ot
Fig 6 36 year old mak with cirrhosts of the Iiner and portal venous hypertenston Peml“:n(c
pressure 27 em H,O (uncorrected value) Selective cathetenzatton of Kt gastn. veit d’”m?mm
n addition to esophageal varices a gastrorenal coltateral not filled at pre uon
medrum nto the splenre vein

yi0us )¢

wet
esophagus nd stomach are continuous 1t the cardra formng an1stomoses bet

the portal and systemic veins These veins are of much smaller drmetet than t
peri esophagenl or superficial venous plexus which forms direct commumeatt
channels between the left gastric vein and the azyvgos and heminzygos veins (Bmu:
In portal venous hvpertension both the csophageal and pira esophwgeal vens ™
dilate and form varicose porto systenuc collaterils At sclective Injection of contrd
medium nto the Ift g1stric vein m patients with portal venous pressuré within pOT™
Jumits sn the present series veins belonging to the distal segment of the esopha!
were never filled

Because esophigeal varices are 2 potential source of hemorrhage therr frequen
morphology and size i hver cirrhosis 1ccompanied by vanous fevels of nerea
portal venous pressure have been extenstvely discussed in the hteratvre E‘AL‘(”
(1953) eximned 25 patients by esophagoscopy wnd measured the varix damet
extent of esophagenl mvolvement and pressure by dircct puncture of the vare
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Fig 7 Fig 8

18 7 53 year-0ld female with cirrhosss of the liver and portal hypertension Portal venous pressure

bemHO {uncorrected value) Liver dislodged from lateral abdomunal wall because of ascites

cpatolugal flow via large para umbitical vein No hepatofugal flow via esophageal varices

8.8 0-year-old male with cirhosis of the Iiver and portal hypertension Portal venous pressure

dem HO 6 value) P of markedly enlarged

fenor mesentenc vesn § flo collateral to snferior vena cava (—)
10-systemic anastomosis { - ) very narrow in comparison to fecding collateral vein

Athout any correlation being found between a certam pressure level and the severity

vanices among dilferent patients VIALLET et coll (1970) and RousseLoT et coll
1959) reported a stenificant refation between the portal venous pressure and the
egree of esophageal vances when performing umbilico portal cathetenization or
rcutaneous splenic portography However in agreement with BerGsTRAND &
KMAN (1957) and Turner et coll (1957) no correlation was found n the Ppresent
€ries between the portal venous pressure and the extent of esophageal varices (Figs

~6) nor any correlation between portal venous pressure and the number of other
onto-systemic collaterals

m!xm the reporis of BERGSTRAND & EKMAN VIALLET et coll and NunEz et coll
) the I

elt gastnic vein was the most important pathway in cranially directed
ow However 1n 50 of the present 82 patients one or more short gastric
'ens formed additional tnbutaries to hageal vanices No hageal varices

0)
mbined with normal portal venous pressure were observed contrary to the findings
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Fig 9 66 year old male with cirrhosts of the
Iinver and portal hypertenston Portal venous
pressure 32 cm H,O {uncorrected valuc)
1 ureutancous transhepatic cathetenzation of
spontan.ous splenorenal shunt Porto sys
temic anastomosis (—~) narrowcr thanlecding
cotlatert

Fig 10 58 ycar old male with crrrhosts of
the Inver and portal hypertension Partat
venous pressure 28 em H,O (uncorrected
value) Hepatofugal flow through largs para
wmbthcal vem and inferior epreastrie Yeins (o
femoral iltac mfcrtor caval veins  Porto
systemic anastomosts {—) narrower than
Ieeding collaterals

o systemie |
of RousseLoT et coll Furthermore tn no case did eves extremely Jarge porte &Y

collaterls result mn reduction of the portal venous pressure to normal -
Although 2 wide vartety and multiple combinations of porto systemte wu‘lmab
were observed n the present series  there 15 10 reison 10 assume that 2 €€ ac .
were demonstrated 1 exch mdrdual case (Figs 7-10) Spatse posto systemt o
laterals were not atwys correlated with low portal venous pressure and an c:linoui
porto systentic collateral flow was not regularly paralleled by decreasing portd ; o
pressure The same appearance of porto systemic collaterils was present lll e
with a difference 11 portal venous pressure of 10 to 15 em HO Comcquc“n Y'm“
appearance, extent and width of porto systemic collaterals do s0t permit :J‘s);mt
clusion ds to their hemodynamc effectivity 1n lowermng, the portal yenous pr g
Esophageal varices of various degrees were observed whether or not 1a1g oy
nal, or 100 vl Lons were present Cantr o
of WXLER et coll (1975) large porto systemic coifatesals 10 ¥

umbilicat sph
to the findings
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“Tpresent series never reduced the portal venous pressure to normal When the porto
(smemxc aself was d d 1t was regularly much narrower than

he feeding collateral (Figs 8-10) which may contribute to its ineffectiveness 1o
ireducing the portal venous pressure No correlation was found between the portal
henous pressute and the porto systemuc collateral flow to the drainage region of the
wfenior or supertor vena cava and the diameter of the portal vemn

In conclusion the results confirmed that the portal venous pressure 1n crrrhosis
of the Iner 15 an unrehable parameter of the degree direcyon and hemodynamic
feltectineness of porto-systemic communications In addition 1t seems to be of httle
impertance 1n the evaluation of Liver cirrhosts (SMERT et coll )

SUMMARY
1n93 pattents with carthosts of the hiver and portal venous hypertenston the mam inbata
nes of the portal ven were by The

appearance and degree of porto systemic collaterals were analysed Esophageal varices
wete demonstrated 1n 82 patients No correlation was found between the portal venous
pressure and the extent of porto systemic communications

ZUSAMMENFASSUNG
. lvn 911 Fallen von Lebx und Plor k wurden die H: der
er perkutan t Die Entwickl yon porto-
de Bsoph wurden i 82 Fallen nach

wur
itl\:ltscn Kemne Bezichung bestand zwischen der Hohe des Plortaderhochdruckes und dem
smass der porto systemtschen Kollateralisation

— T

-

RESUME

mﬁgx:g:lcs ‘veines tributaires de la veine porte ont éte examinées par cathetérisme
\einue pomkve::smane chez 93 malades attemnts de arrhose du foie et d hypertension
Stémique 1) auteurs étudient les aspects et Ie degré de circulation collaterale porto

s ont mis en evidence des varices cesophagtennes chez 82 malades Ils n ont

Pas trowné de carrét;
lation
Porto-systémiques ON entre ta pression veineuse pottale et 1 éiendue des communications
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Fig 9 66 year old male with crrrhosis of the
hver and portal hypertension Portal venous
pressure 32 cm H,O (uncorrected \alue)
Furcutincous transhepatic cathetentzation of
spontancous splenorenal shunt  Porto sys
tenuc anastomosis (—>) narrower thanfecding
collaterl

Fi, 10 38 yerr old mak with cirrhosis of
the Inver and portal hypertension  Portal
venous pressure 28 em H,O (uncorrected
vatue) Hepatolugal flow through large para
umbitic 1t vern and inferior epigastric veins to
femoral thac mfertor  caval vains  Porto
systemic anastomosis (—) narrower than
feeding collaterals

Iy large porto systeTy

of RousstLoT et coll Furthermore 1n no case did even extrenc!
collaterals result n reduction of the portal venous pressure {0 normal e

Although 1 wide vareety wnd multiple combinattons of porto systemic €0 1J1=m1=
were observed 1n the present series there s no reason to assume that il col lc o
were demonstrited 1n each mdividual case (Figs 7-10) Sparse porto s}s(em'\cns“e
Jaterals were not always correlated with low portal venous pressure and an clx i
porto systemic collaterat flow was not regularly paralleled by decreasing portal v s
pressure The same ppearance of porto systemic collaterls was present ml e
with a dilference 1 portal venous pressure of 10 to 15 em H O Consequent y‘cor
o extent and width of porto systemic collaterals do not permit any

re
heir hemodynamic effectivity in lowering the portal venous pressul .
farge par

¢ Contraty
w the

appearanc

clusion as to t
Esophngeal vances of vartous degrees were observed whether of not

I cc ations were presen
bulical, splenorenal or 1c0 caval ¢
:l:‘xhe fn;dxngs of WExLER et coit (1975) large porto systemic coltnierals
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NORCE
PATIENTS

Fig 1 Forty three patients with
unilateral renal artery stenosis
or occluston  Dwstnbution by
age sex_and type of »ascular
lesion [ atheromatosts
fibromuscular  dysplasis, [
other or not speafied type of
stenosis M ~male F=female

However opimons differ about the rehability of thus method for predicting which
patients will benefit from operation
BOOKSTENN (1966) evaluated the graphic cntena of hemod signif
‘eant stenosis which was defined as a pressure gradient of more than 30 mmHg
across the stenosts on operation or decreased renal turgor or decreased renal artery
Pulsations He found that stegases of the main renal artery with a diameter of 15
‘;;“i :r(‘“; always were hemodynamically significant and stenoses with a drameter
} d)m\m]: ; mr:x i half 'Df ‘lhc cases _Coflateral arculation always indicated hemo
iMportant sen ! ly d d blaod flow was also consuidered an
i S|mhmng‘n oststenotic dilatation on the other hand was present just as often
 namclt tas "; nonsignificant stenoses About 75 per cent of patients with hemo-
Detre ﬂ}' Sl]glm cant stenosts had a favorable response to surgery
v m‘onhco (}966) compared renal artery stenosis demonstrated at angiography
data e ngs of pressure and volumetnc flow rate dunng operation From these
fesstance of the stenoses was calculated A good correlation between very

severe s
ot tenoses and high resistance to flow was found In severe moderate and
S4€noses the results were not conclust
ton of the lymen
Brotry (1967

ve Neither diameter nor per cent reduc
area tn the stenoses were grven
d lat 1

d d blood fl;
thab, an ood flow to be a
e mdication of hemodynamically significant stenosts She was of the opinion

h
Wever that the nd,
“‘Elomphy alongl ication for surgery could not be deterrmined on the basis of the

The &,
»ay amin:ﬁ’;a::e o col as an of a sigmlicant stenosis
o blood no“"l “ ;‘Rd by BOOKSTEI & WALTER (1975) By observing the direction
o ~asoday, istal nonparenchymal branches of the fenal artery after injection
01y 2nd vasoconstrictive agents 1n the renal artery enhanced wforma

d
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UNILATERAL RENAL ARTERY STENOSIS
AND HYPERTENSION

I Angrography
INCVAR ANDERSSON

Most cases of renovascular hypertension are ciused by stenosts or occlusion @
the mun stem of the renal artery or one of its prmary branches However sucha
stenosts 1s not necess irily responstble for hypertension (EYLER et coll 1962 DusT™
etcoll 1964 HoLLLY et coll 1964) In the evaluation of 1 patient with possible 7e%
vascular hypertension 1 pathogenic relatronship between a renal artery stenosss and
hypertension must be proved or excluded ¥

Several methods hive been used to defermne the functional signtficance of 2

stenosts Sphit renl function tests (Howarp ct coll 1954) have been widely used ?
the past but have now been replaced by renin assay n most centers (ERMT I co“(
t rend

1972 Juncos et coll 1974 Coucut et coll 1976) As 1 result of a signfica®
artery stenosts, 1e a stenosis which 1s responsible for hypertenston the plasma renih
activity 1s higher in venous blood from the hidney with a stenotic astery 25 compare
with the normal kydney (MicHILAKIS ct coll 1967, STOCKIGT ¢t coll 1972 Marns &
MaxweLL 1975) However negative tests i patents improved or cured by surgetd
and positive tests i untmproved patents hive been reported In a comptlation
(here own matenial and cases from the Iiterature Marns et coll (1976) found 51
per cent false negatives (88/155) and 7 per cent false positives {22/313)
Ncphroangmgmr’h}' 15 indsspensable 1n the delineation of the vascular anatory
e
submutted for publication 27 November 1978
et Radolwica Diagnods 20 (1979) Tase 6

ey
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Fe 3 Bseaold woman Semiselctive angiography Left postenor projction Tip of catheter
1 sliced i g

ht renal artery Short stenosts of not speaified type tn the right renal artery Diamcter
of stenosis 1 mm- Marked poststenotic dilatation Proumal to stenosis a umform moderate nar
" Togof theartery: Abundant eoltateral carcutation from adreral (») and lambar artercs +>)

beer operated upon at anothe
4 Teconstruction Thus 43
. Stenosis i the contralateral renal artery
¢ The distnbution by age sex and type of vascular lesion 15 rven m Pig | The
+ determination of the type of vascular leston was based on morphologic exammation
¥ Orthe findings ap operatton in 27 cases Exght stenoses of the proximal tapering type
Bere clasafied as atheromatosis on the basts of the radiologic appearance (Fig 2)
N Case represented an embolic occlusion and 1 case an 1atrogenous lesion In 6
+ e the type of stenosts could not be determined

er hospital with a non functioming spleno renal artenial
pattents remain for analysis None of the patients had any

Angwgmphlt Procedures In
ormed at other

356510 addinon

26 cases the preoperative nephroangiography had been
hospitals 1n 18 of these Jumbar aortography only in the Temaining
selective nephroangiography
. ‘“:l this institution patients with hypertension were examined with 3 semiselective

o Mque followed by selectine examination of one or both kidneys In the semt
s “"Ill\e one a catheter (OD/ID 22/1 45 mm) with a long tapered end (OD/ID

o Ih:)c:‘:}?) and 6 sideholes provimal to the tapered part was used The tapered end

trere eter had such a shape that 1t could be mtroduced jnto the onfice of ope of
4 al arteries g

llowing simultancous injection 1nto that artery and jnto the aorta
% 7
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Fig 2 44yerrold man Seny
sclective angiopriphy The nghs
kidncy supphed by 2 arterics
Proumnl tapening stenosis of
atheromatosts type n the ven
tral artery  Minimum dinmeter
of stcnosis 1 mm  Moderate
poststenotic dilatation

AST 1973 BooksttN etcoll

tion of collteral flow may be obtuned (BooksToIN & ER
1976)

Bookstiin et coll (1972 1) concluded that angtography has only hinuted ulutc;;
predicting the response to surgery MaxwiLL et coll (1967) was of the OP”‘f"’" "
the acteriogram does not serve to identify 1 functional fesion and 13 there (;5\605
truly dignostic of renovascular hypertenston  The same opinion was held by el
et coll Nephroangiogriphy ws considered cxtremely valuable by F"STER‘EI o
(1973)  the evaluaion of patsents with hypertension although with severatt
tions ¢ g Ick of precision 1n grading the seventy of 1 stenosts

In view of the diverse opinions n the litertture 1t was const "
amlyse the role of nephroangiography n predicting the blood pressure m(fﬂpl
following surgery 1n pauents with possible renovascular hypertension An ::amry
was 1lso mde to define angiographic criteria charactenzing 1 sigmificant rend eoot
stenosis 1€ 7 stenosis which might be responsible for hypertension in \h\s;i“m
the lesions demonstrated 1t preoperative nephroangiography of patents wr\ﬁ o
1ateral renal artery stenosis or occlusion arc presented and their sigmficance &

dered importart

blood
sed In a following report the angiographic findings will be correlated with the
pressure response following operation
Materal and Methods
ats wih

The material consisted of preopertive nephroangtography of 49 pate ant
unilateral renal artery stenosis or occlusion, who were subyected 10 Mons:rsu\\:rt
surgery or nephrectomy 1t this hospital during 1971 through 1975 Stx r“'"‘“nl N
excluded 2 prtients who died in the immediate postoperative period 1 patic ants
stenosis and severe hydroncphrosis 1 patient with a posttriumatic d(ssccnngmm]y
rysm, | patientw 1th stenosis and a contracted kidncy and | patient who had pre
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Table 1

Diameter of stenosis rersus part of kidney ymoled by stenosis
or occlusion

Part of Drameter of steoosis (mm) Total

kidney —_—— —

mvolved Ocd <1 <2 ~2<3

)

100 3 7 16 3 2
51-90 3 5 8
25-50 4 2 6

Total 7 12 21 3 43

Table 2

Lumen area reduction versus part of kidney srolved by stenosis
or occlusion

Part of Reduction of lumen area () Total
Kidney

nvolved <80 80-89  90-9% 100

)

100 3 23 3 29
§1~%0 8 8
25-50 1 1 4 6

Total 1 3 32 7 43

:::\ of the artery was asstmed to be crreular although 1t was realized that the constric
0 In antero postertor directton mmight differ from that 1n cranto caudal direction
]E‘E‘\ittn stenoses were d ind ly by another radiologist with com
Plete aereement 1 16 cases and a deviatton of 05 mm 1n 2 cases In none of the

“ses did the valge obtamned on repeated measuning exceed that of the onginal
measunng

Results

18 7 pavients oeclu
Stenosts The nght r
mseular dysplasey e

sion of the renal artery or us branches was found and 1n 36
enal artery was engaged m 22 cases and the lfeft m 21 Fibro
ngaged the ight kidney 1n 8 cases and 1n 6 the left one Ath,
matos, o
lmn:‘: :as found in 8 cases on the night side and in 10 on the left Multrple renal
2oncn l“&led ™ 17 pavents (40 ) on the stenotic side 1 7 patients and on the
O side 1n 5 and on both sides 1n 5 patients

St e o
“het “/a il&:om The stenosis was exactly delineated 1n 14 cases but mnexactly 1n 22
Ue to either of two reasons (1) Short stenosis with central beam not
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Fig 4 25 ycar old man Semi
selective  nephroangrography
Subtraction fitm Short stenosis
(hibromuscular dysplasia) in one
of two night renal arteries (—>)
Beam direction not paralie] to
the plane of the stenosis Dia
meter of stenosis 1 5 mm or less
Poststenotie difatation

were injected at2 ¢
ms were obtamed 3
ot 6 seconds FFD
he findings m the

(Frgs 2 3) Thirty ml of contrast medium (280-370 mg I/ml)
of 20 ml/s S to 7 ml passing through the top hole Senial fil
rute of 2 per s for 3s [ persfor 3s and I every other second f
was 100 ecm An 1 p series was first exposed Depending on t
mitial sertes the continued exanunation was individuahzed

The selective angiography was performed with the same ty
out sideholes A direct magnification technique was ntrod
microfocus of 01 or 02 no gnd and with FFD 100 cm focu
to 30 em A magnidication of 2 2 to 3 6 of the hrdney was achieved

_—~The films were reviewed without knowledge of the surgical find

Towing factors recorded (1) Number of renal arteries (2) diameter O o da
diameter of the unconstricted part of the artery or when this was not posst by O
meter of the contralateral renal artery, (3)_the part of the hidney supphied y{m
stenotic artery (4) collateral circulation (5) poststenotic dilatation ©) ‘“’0"5?““
mtrarenal artertes and cortex and (7) length of the hidneys local reduction of o

The measurements were made with a transparent ruler graded 1 milhime! )U'
directly on the film The figures were not reduced for the magnification of FFI; ¢
cm with the patient on top of the film chnger The magnification of the Kadney
may be estimated to 20 per cent

The lumen area reduction was calculated according to the formula

pe of catheter but with
uced m 1974 md':
s—skin drstancs i

imgs and the fo!
f stenosts 40¢

per cent lumen area reduction = AZB, 100,

h
—the lumen area of the unstenosed vessel and B=the lumen ared of t

where A e
e calculations the lumen of the stenosed as well as the unstenos

stenosts In thes
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Fig 5 35 year old woman with
a severe stenosts (fibromuscular
dysplasia) n one of two nght
renat arteries Branches of the
stenotic artery (—>) are supplied
through abundant collaterals
from the unstenosed artery
r R (reno-renal collaterals)

from 2 single artery was occluded 1n the rematmung cases stenosis or occlusion o¢
curred 1n kidneys supplied by two arteries In 4 cases adrenal arteries (Fig 3) or
Urleric artenes (Fig 6) domunated as collaterals Inflow of blood not contaimg

:l;nsc(rasl medium into a hilar branch indirect] d i 1 mone

(Q;n lh; Youn est age group 1 was d d 1 7/8 cases
s,memabl: i) and 1n the oldest age group m only 2/12 (17 ) The difference 1s
“'\h!bm (p~001) Collateral circulation was demonstrated 1n 12/14 cases (86° )

‘dromuscular dysplasia and 1 6/19 cases (32 ,) with atheromatosis (p<0 002)

Aoa

P
" ];Jlmnouc dilatatien existed 1n 33/36 arteries (94 ) shght in 10 cases moderate

0 :nd Severean 6 All arteries with a diameter of stenosts between 2 and 3 mm
qu“posulenouc dilatation  Short stenoses with a rght angled inlet tended to
*gmm:se\ere Poststenotic dilatatron while stenoses with a long tapering prestenotic
ended to produce a shight poststenotic dilatation
Intrarengf g
rierial lesions and cortical Je
5 lesions The following abnormal,
ordeg Tataamy s I malities were

'mal tapening irregular lumen and occlusions of the mira
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Table 3

Collateral circntation in relation 10 age of the panents and 13pe of stenosss Per cent
within parentheses

Age Fibromuscutar  Atheromatosts Other Total
dysplasia +f- L
e
<30 4 30 ey
30-49 81 s/ 32 167 ()
30 (9 19 m w4
Total 1272 (86) 613 (32) 713 (70) 25/18(58)

+ collaterat eircutarion
— no collateral airculation

parillel to the phane of stenosis (Nig 4) In these cases the pre or poststenotic st
ment was more or Icss superimposed on the stenosis Thus the true dameter may
have been less thag the dimeter recorded (2) Insufficient resotution or toe ko
tcontrist in the area of maximum stenosis for exact dehneation In these cases onlhj
an upper and 1 lower it could be miven In cases of fibromuscular dysplasiz it
multiple stenoses the maximum stenosis was measured .

The normal dameter of the stenotic artery could be mensured in 16 cases butnho
in the rem uning 20 In most €158 this was due to the stenosts being located ncarlﬂ;
origint with poststenotie diltation of the remaning part of the main stem Inth Wh
cases the caleulaion of lymen aret reduction was based on measurements of the
contrilateral artery "

It1s evident from Table 3 that 1n 40/43 cases (93 %) erther occlusion or a dmma:{
of the stenosts of 2 mm or fess v, "8 found Three patients had a stenosts dmm:m“x
between 2 and 3 mm ong of these had only one hedney In 29 case. the stenosis M
occluston engaged the main stem of a singie artery Fourteen cases had a stenwsa )
ocelusion i one of multiple arterres or 1 2 branch Thirty nine of 43 cases {9} .
had a reduction of lumen e of 90 per cent or more (Table 2) In alf cases but o
with a stenosts diameter of 2 mny o fess the reductton of Jumen arca was more (f\al;
90 per cent The exception was 4 branch stenosis In the cases with a dmmtm‘;]
stenosss between 2 and 3 mm the feduction of Jumen arct varted between 80 and
per cent

Collateral circulaton was demonstrated 1n 2543 cases (58°, Table 3) fumbdf
arteries being the most common source These rteries were the single source i "
cases and combined with other arteries 1n g cases (Fig 3) Collaterals betwe
branches of a single artery or between muliiple artegios { reno renal’ collaterals) mh g
curred in 7 cases and were the only type i 5 (Fig 5) In one of these 7 cases a branch
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Table 4
Occurtence of intrarenal artertal abrormalities or cortical lesions

Type of stenosis. Ipst Contra Bt No abnor
(Na of cases) lateral  lateral  lateral  mality
Fibromuscular dysplasta (13} 3 2 L]
Atheromatosis (§7) 4 6 7

Other (8) 1 1

Totat 8 2 6 22

he normal teft kidney exceeds that of the normal nght kidney by a mean of 03
™ The reduction of the length of the kidney affected by stenosis was calculated as
eneth of the normal kidney munus length of the kidney affected by stenosis with
ortection for the normal difference The kidney length was reduced Jess than 1 cm
1 0cases Tto] § cmin 6 and more than 1 51n 15 OF the 20 patients with a reduc

100 of lesy than 1 em the stenoss or occlusion engaeed only part of the kidney mn 12
3ses (main stem stenosis yn one of muluple arteries 10 9 cases and branch stenosis
recclusion 1n 3 cases) Tn all but one of these cases a local reduction of volume was
ound 1n the ares supplied by the stenotic or oceluded artery (Fig 7) The remaining

Y cases with g reduction of less than 1 cm had a stenosis 1 the mam stem of smgle
trienes.

Discussion

Several factors 1nfluence the hemodynamic effects of a stenosis the most important
"2 the diameter of the stenosis and the volumetric flow rate which i turn depends
lﬂlhe fesistance to flow i the pertpheral vessels Expernimental as well as chinseal
“\pnence indicates that the constriction of an artery must be considerable before
;’zl’mfphbk reduction of pressure and volumetric flow rate distal to the constric
o sx:zm (Havovicl & Zivicota 1962 May et coll 1963) Once a certan degree
lrom:dm has been reached (enitical stenosts) further constriction of the lamen has
o mfrf;-!;‘lc hemodynamic effect The criucal stenosts 1s relted to the volumetric
l'mmn; B s a specific degree of stenosis may be crtical at g particular peripheral
sy :l notf the peripheral resistance 15 mereased (Lupu et coll 1968) By
crerat g :\ ¢ degree of stenoses at angiography and pressures and flow rates duning
o N MAY et coll concluded that the critical stenosis for the human rena)
£1¥ 15 sbout 82 per cent reduction of its transverse area
™ the present materral 40 of 43 patients had e

1ther ocelusion of the renal arge;
2 stenosis with a diameter of 2 mm or less W ot

1th one exception the reduction of
mare in these cases Three patients
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4

!
- t |&
. k
4
{
[y g *
N
b e

b
I'ig 6 23 year old woman with fibromuscular dysplasia 1n the night renal artery 3) 5“'“”“;7:g,f¢
graphy Shght uniform nirrowmg of 1 fong secment of the mun stem with severe stenost 32 )
most distal part One of the mawn branches 1s dilated with shght constrictions (strns, of h?a; cot
Senusclective angrography parenchymatous phase A widc tortuous ureteriv artery SCrves
Iateral vessel to the renal artery

th of the cortex
d 1n Table 4
y¢ been

renal arteries irregular cortical surface localized reduction of the widi
and an irregultr nephrographic effect in the cortex In 13 of the cases Iisted
only 1ortography had been performed Thus minor abnormalitics m1y not ha
demonstrated Five cases were excluded as the peripherl artenal branches were
oorly demonstrated

’ Inn{lrcnal artertl lesions or cortical lesions occurred in 16 patients (Table 4) The
Jesions were confined to the hidney supplied by the stenotic artery 1 8 cases (Fig M
and 1n 2 cases to the contralrteral kidney Srx patients ail with 1theroselerott®
stenosts had bilateral lesions Two patients had only cortictl abnormalities and
only artenal Thus m 7 patients arterial 1s well as cortical Iestons eusted Most
frequent was tortuosity of the intrarenal arterial branches

Reduction of the sizc of the kidney affected by stenosts According to Ener &
RinGERTZ (1976) the length of a kidney 1s representative of 1ts stze The length of the
kidneys was measured from pole to pole n the parenchymatous phase of the aom?
or semiselective series n ap projection According to Molte (1961) the length o
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Table 4

O currence of mirarenal arserial abnormalities or cornieal lesions

Type of sterosis Tpst Contra BI No abnor
No of cases) jateral  laterat  lateral  mahty
Fibromuscular dysplasia (13) 3 2 8
Atheromatosts (17} 4 6 7

Other (8) 1 7

Total 8 2 6 b3

the normal left kidney exceeds that of the normal right kidney by a mean of 03
em The reduction of the length of the kidney affected by stenosis was calculated as
fength of the normal kidney munus length of the kidney affected by stenosis with
correction for the normal difference The kidney length was reduced Jess than 1 ¢m
mcases 1101 Semm 6 and more than 1 51n 15 OFf the 20 patients with a redue
ton of less than { em the stenosis or occlusion engaged only part of the kidney in 12
cases (mam stem stenosis 1o one of multiple arteries in 9 cases and branch stenosis
or occlusion in 3 cases) In alt but one of these cases a local reduction of volume was
found in the area supplied by the stenotse or occluded artery (Frg 7) The remaining

8 cases with a reduction of less than 1 cm had a stenosis in the main stem of single
arteries

Discussion

Sereral factors influence the hemodynamic effects of a stenosts the most important
deing the diameter of the stenosts and the volumetric flow rate which m turn depends
on the reststance to flow, wn the perpheral vessels Expenmental as well as chinieal
Stperience ndrates that the constriction of an artery must be considerable before
2@ perceptible reduction of pressure and volumetric Fow rate distal to the constric
Yion oc urs (Harvovict & Zinicora 1962 May et coll 1963) Once a certain degree
oF stenos:s has been reached {entical sienoses) further constriction of the lumen has
;:3”::";!;(: hemodynamie effect The cnucal stenows 1s related to the volumetre
‘mmn; i s specific degree of stenosss may be cnitical at a particular perpheral
e x:: :;ot 1f the perspheral ressstance 1s mcreased (Lury et coll 1968) By
Bpmmong N egree of stenosts at angiography and pressures and flow rates during
o AY et coll concluded that the cntcal stenosis for the human renal

™Y 15 3bowt 82 per cent reduction of its transverse atea

Inthe preseat matenal 40 of 43
Asenovs with a

Lamen area wag

Rad

patients had esther occlusion of the renal artery or
drameter of 2 mm or less With one exception the reduction of
calenlated to be 90 per cent or more 1n these cases Three patients

3 diameter of the seno.
sts between 2 and 3 mm with the reduction
aming between 80 and 90 per cent of fumen area
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Fig 7 38 year old woman Scnuselectne angio
graphy Stenosss (fibromuscular dysplasia) in the
artery supplymg the upper haif of the left hidney
a) Intrarenal branches of the artery affected by
stenosis arc tortuous b) Intrarenal branches of
the nonstenosed artery normal ¢) Upper half of
Jidney 1s reduced and cortex irregular

portance than the

The length of a stenosis 1s of some but considerably less m, i
factors mentioned (FIDDIAN et coll 1964 Brorng & Prrrrrsson 1977) The Ien:lr
of the stenoses was not measured tn the present matenal as in a large number ©
cases the renal artery tapered towards the area of maximum stenosis making 2



UNILATERAL RENAL ARTERY STENOSIS AND HYPERTENSION 1 889

delimstion of the length of the stenosis difficult Neither has the length of mvolve
ment 1 cases with fibromuscular dysplasia 1n the form of a string of beads been
taken 1nto account Based on cltmcal and expenmental ewidence it has been clatmed
that fibromuscular dysplasia of this type might proveke hypertension by changing
the pulse wave charactenistics even i the absence of stenosis (REICH et coll 1975)

Same ted with the of renal artery stenoses on
the films must be realized Factors such as superimposition of splanchnic arteries of
tsufficient resolution m the films the If the beam

15 not parallel to the plane of a short stenosts 1t may be falsely evaluated or even pass
unrecoenized The course of the renal arteries 1s often more of less antero posterior
tather than transverse (FOSTER et coll 1969 DEan et coll 1974) Thus a short
stenosis may be partly obscured 1n an a p projection The same applies to a stenosts
Tocated at the onifice of a renal artery if the artery onigimates from the antenor or post
ertor aspect of the aorta Adequate projections chosen with respect to the anatomy
1m the indwidual case will seduce these difficulties In the present maternial care was
taken not to overestimate the diameter of a stenosis In some cases the diameter
was probably less than that recorded The calculation of the reduction of lumen
area which 1s the adequate parameter from a hemodynamic pornt of view was based
on measurement of the cramto caudat dtameter of the artery assumung that the lumen
tn the constricted and unconstricted part of the artery was circular Clearly the
constriction of the artery n an antero postertor direction might have differed from
that m a cranto caudal direction In two cases @ marked reduction of the attenua
::xvl;lh:as noted 1n part of the stenotic segment 1ndicating a more severe constriction
antero-postertor direction than was evident from the craniocaudal drameter
u-\f:‘e:‘:p:?d :nd of the catheter used for the semiselective examnations rarely
b pasm When 1t occurred 1t was of slight degree and could eastly be dif
¢atizted from an organic lesion
C;‘i‘:::":‘;"cc:[ll:;:on rcflccl's a pressure gradient between two vascular regions
eral has been d a reliable ind of

hemodynamical
ly significant stenosis (BOOKSTEIN BROLI
STEN & Watresy (! N ERNsST et coll Book

u:; ';:‘:O‘t‘c}‘:‘“hy 2 considerable number of patients with renovascular hyperten
it be one hi 2 collateral circulation The present matenal suggests that age
consideced ch,:: The techmque of examination and image quality may also be
ctonsarepecte tance renorenal coflaterals may be overlooked unless selective
*ems 1o e e m::e;io::"hxs ly;)c of collateral eirculation first described by Broum
mulple arteries (Rosmwsccl:e!r:;Thlsgt;:)osxs and in cases with stenosts 1n one of

unth,

" heral

factor The gnfy pheral vascular duning the 15 another

mentally m::!:}“;:c; :{ “1‘_‘5 factor on pressure gradient over a stenosis was exper
e

3 rduction of Y Lupt et coll and Triowas et coll (1968) who found that

heral
P Al
ascular d the pressure gradient and an
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Fig 7 38 year old woman Semuselective angio
graphy Stenosts (fibromuscular dysplasia) in the
artery supplying the upper haif of the left kidney
) Intrarcnal branches of the artery affected by
stenosts are tortuous b} Intrarcnal branches of
the nonstenosed artery normal ¢) Upper half of
kidney 1s reduced and cortex irregular

The length of a stenosis 1s of some but considerably less importance than the
factors mentioned (FIDDIAN et coll 1964 Biorno & PrricrssoN 1977) The length
of the stenoses was not measured n the present materal as m a large number ©
cases the renal artery tapered towards the area of maximum stenosts mahking 3
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Much atiention has been drawn to the relationship between wtrarenal vascular
1 d sease (arteriolar sclerosis nephrosclerosis) and hypertension It has been claimed
¢ tth preence of lar sclerosis precludes a favorable resp to surgery
(vixtis et coll 1965) In contrast VDT et coll (1972) found no correlation between
3 th¢ presence of artenolar sclerosi 1 renal biopsies and the outcome of surgery
Furhermore opimons differ on the eustence of specihic anpographic signs of
4 nephrosclerosts HoLLENBERG et coll (1969) found a good correlation between lesions
of mterlobar and arcuate artertes demonstrated at angiography n patients with
essential hypertension and chimcal and | y 1ndices of hyp Simlar
fesions afthough less frequent and of mintor degree were found in normotensie
patients Meva et coll (1973) could differentiate between chronic glomerwlonephnitis
chronic pyelonephritis and advanced arteriolonephrosclerosts m 88 per cent of cases
On the other hand Gt & Pubva~ (1970) found no discnminatory features of
nephrosclerosis  glomerulonephnitis and pyelonephritis In a cntical review of m
formation denved from vanous methods reflecting the morphology and function of
the tenat vaseulanty Davipson & TALNER (1973) found that the mirarenal arteres
fespond simulzrly to a varrety of diseases They concluded that generally the angto
eraphy does not permut specific (pathologic) diagnosis of the leston
However the localization of intrarenal artersal lesions offers some information on
:’e‘:‘«r(:::n flephrosclerogxs if secondary to hypertension caused by a umilateral
el iy I;Z:lenos:skshould affect primarily the contralateral kidney Lestons con
Heae enotic kidney which was more frequent in the present matenial should
tens Ese 1e the stenosis Some of the abnormalities such as tortuosity of
ternies may be caused by the decreased volume of the ksdney Another

2’5;':! ation for ipsilateral lestons would be embolization from the stenotic

_— Tegion of the artesy with obliterauon in the penpheral vessels In

oo tents 'em\mllzauon has been shown to cause rather unspeafic late

oo small cortical scars and artenal pruming and a decrease 1n kidney
on, et coll 1976)

il ary bilateral lesions may a 1 dary to an

P
senns ftenston or a parenchymatous disease such as glomerulonephnits the
1210 1ne tenal artery being a secondary lesion

SUMMARY
The preoperative any

o Oxlumon e g1ographic findings 1n 43 patients with unilateral renal artery stenoss
collaterat * Tevewed ( order to tecord abnormalities such as diameter of stenosts

"
of the Vanous o gt and of kidney size The significance

ZUSAMMENFASSUNG

Die prsoy
anenelier s\;:"ab\::;\d aomopraphischen Befunde ber 43 Patienten mit unilateraler renaler
et Okklusion wurden nachuntersucht in der Abst ht Verdnderungen
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increase reduced the gridient Pharmacologic manipulation to tnerease or decreas
the peripheral resistance has been advocated as 1 me s of reyealing hemodynamically
sigmficant stenosts by reversal of the flow mn collateral pathways (BooksTrN & Erst
BooksTIIN ct coll 1976)

The mechamsm producing poststenotic dilatation has been the subject of severa!
investigations  HOLMAN (1954) suegested that an elevated fateral pressure 1 the
poststenotic region might play an important role mn the development of the post
stenotic dilatation However later reports mdicate that the pressure 1s reduced
rather than clevated i the poststenotic regron compared with the prestenotic one
(Dr VRirs & VAN DIn Brro 1958 Ropnarp ct coll 1967) D VRIES & VAN DI
BrrG suggested that the high frequent vibrtions resulting from the turbulence it
the poststenotic region might affect the elastic fibers of the artenial wall by strusturat
fatigue and subscquent rupture Furthermore the reduced Tatertl pressure by simu!
ating 1 venous type of perfusion might result in 1 Tunctional adaptation of the et
fibers Jeading to a weakening of the artenal wall The combrned effects of these
factors mught 1ccount for the poststenotic dilatation Obviously tie prerequisites f0f
poststenotic dilatation were present in il but 2 of the non occluded artenies 10 the
present series The 1bsence of poststenotic dilatatation may be explaned by altered
clastic properties of the arterial wall or the surrounding tissues

The majority of the present patients with poststenotic dilata
of Jummal area of 90 per cent or more However 1so less marhed stenoses
cause poststenotic dilitation SUTTON ct coll (1961) found poststenotic dilatation
in 1bout half of the patients with stenosts reducing Jumimal dimeter by 50 per !
tre lumimal area by 75 per cent) BoonsTE et coll (1972 1) obsered poststenctst
dilatation m 13 per cent of stenoses reducing luminal diameter less than 50 pec cent

In the presence of % renal artery stenosis the size of the kidney supplied bY the
stenosed artery 1s often decreased constituting an important urogriphte indication
of unilateral renal artery stenosts (BOORSTEIN et coll 1972b) Tt rensonabte 1o
heve that this 1s due 1n part to a fall in blood pressure but other factors €& atroply
of the renal pirenchymt may also pliy 1 part A constderable reduction of the
kidney volume during pentothal anesthest1 was observed by HODSON (1961) Ths
was attributed to a fall in blood pressure CoLLir & Swann (1971) demonstiated
experimentally m dogs t linear reltionship between kidney werght and blood pres
sure 1n the range of 20 to 80 mmHg at 20 mmHg the hrdneys decrensed 40 per ot
in weight GOTHLIN & OLIN (1973) found that 1 moderate fall 0 blood pressure
decreased renal blood flow and renal vascular volume s demonstrated by @ &e
dilutron techmique

1t 15 clear from the present material that the reductton of the hidney size ©
by a stenpsis €ven if severe 1s not always enough to reduce the length by ) emof
more This apphes espectally to stenosss or occlusion of 2 branch of of onc of multiple
arteries However 10 the majortty of such cases 1 local reducton of the hudney

parenchyma was found

tion had a reduct o
may

aused
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wie dic des Diameters der Stenose Kollatera! Zukulation poststenottsche Dilatation und
Reduktion der Nierengrosse festzustelien Die Bedeutung der verschiedenen Schadiqungen
wird diskutsert

RESUME

L qwuteur 1 revu les sipnes angiographiques préopératoires chez 43 malades attemts de
sténose ou d occlusion umilatérale de | artér rénale pour noter les anomalies telles quele
diamdtre de la sténose la crrulation collaterale Ia dilatation post sténotique et rédee
tion des dimensions du rein 11 examine 1 importance des différentes Iésions
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II' Angiographic findings correlated with blood
pressure response after surgery
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Modem reconstructyve vascular si
used by renal artery stenosis or
e number of Ppateents with hy)
from operapon and

urgery has made 1t possible to treat hypertenston
occlusion It 1s however evident that a consider
pertension and renal artery stenosis do not benefit
that the proper selection of patients for surgery remams a

Problem (SHaPIRG et coll 1969 BErRGENTZ et coll 1971 Foster et coll 1975 Sariro
eoll 1976 NorDHUS et coll 1978)

The demonstration of an 1nere;

* ased plasma remn actvity in venous blood from
< kidney atfecteq by stenosrs of

o T occlusion 1s widely rehed upon as an indicaton
hl!nmaicular hypertension However this test producing a number of false post
. ® and alse negatyye results 1s not infallible (MaRKS & MaXWELL 1975 Coucn
l;o]l 1976 Stont et coll 9717
9m:ihm~mmography 1s the single most mmportant method to demonstrate the
o “Ct of a repa) artery stenosis However optntons differ on the role of angio
(I%Ps)y 282 method to determine the functional significance of a stenosis BOOKSTEIN
m“hmﬁ“ﬁ Bookstov & Warter (1975) considered nephroangiography a valuaple
"%7) ‘;n this respect while DeLIN et coll (1966) BroLv {1967) MAXWELL et coly
\\“KZ!R cteall (1975) and funcos et coll (1974) considered 1t to be of no or
Submutied fr Publication 27 November 1978
4
“FIlHeb 5 i v e g 895
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ton as preoperatively and a reduction of at least 15 mmHg ¢) Diastolic blood pres
sure 110 mmHg or less with medication in patients with hypertension which was
peratively refractory to antthypertensive

Falure (a) A reduction of diastolic blood pressure less than 10 mmHg without
medication (b) No reduction of drastohic blood pressure with the same med:cation
as preoperatively (c) Drastoltc blood pressure over 110 mmHg with medscation

The blood pressure was measured suptne position after 15 mm of rest by a
traimed nurse A mercury manometer was used Phase V of the Korotkoff sounds
s taken for determmation of the diastolic pressure

Ren assay was performed 1n 33 patients Blood samples were drawn from the
resal vens after 15 min of tiline Antihypertenstve drugs were withheld for at least
1 week before sampling A renal vein renn activity ratio (RVRR) was calculated
2 the remn activty 1n venous blood from the stenotte Lidney over the nonstenotic
one A ratio over 13 was to mdicate lar hyp The
;;lzgn) activity was deternuned by rad of I (HasER et coll

Results

h::;lzb'louzr patients were cured or mmproved 8 were ummproved It 1s evident
o Inmmale that 32/38 (84 ) of the patents with either occluston or a reduction
e w;rcn of 90 per cent or more were cured or improved (Figs 1 2) Of4
o a reduction of luminal area between 75 and 90 per cent 2 were cured
o dempe (:1“: of these with only one kidney In the other patient a short zone
00t M: e:[uanon was seen 1n the stenosis indicating 2 more severe constric
Collme ¢vident from the cranio caudal diameter
o )“:: eirculation was demonstrated in 24/42 patients (57 ) 22 of the 24
o cuiumd Or improved Also 12/18 (67 ) pauents without collateral crrcula
¢d or improved
Poststenotic atation was demonstrated in 34/36 patents (94 ) occlustons ex

uded of these 34 (7 8 unmimproved (24
1 ( } 26 were cured o P
y ‘ 6 ) i r improved and mpre 24 5)

h,:t‘yrg‘:c:;’: 0: the patients (20/40 two patients with only one kidney excluded)
Proved 0f 79 J:’ the kidney length of 1 cm or more 18 (90 ) were cured or 1m
B cured ml:mltﬂls with a reduction of the kidney length less than 1 em 14 (70°,)
tenes of of & bP;O\:d 10 of these had a stenosis or occlusion of one of multiple
Cured o lmpmng ':!ch Another cured patient was a 6-year old child Thus of 14
ONly 3ty g ﬂtnu: ult patients with a reduction of the kidney length less than 1 cm
the Kidney pzy:nch,s involving the mam stem of a smgle artery A local reduction of
S10 ensaging o yma occurred 1n all but one of the patients with stenosis or ocely
e kidney V“g\hy\c‘:?h:r ‘;" ‘“T‘CY OF 6 umimproved patients with a reduction of
Mg N ! em 4 had a stengsis in the mam stem of a single artery
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Table 1

Surgical procedires (42 cases)

Reconstruction with autogenous voin graft from aorta 16
‘Thrombendarterectomy with or without patch i
Reconstruciton with patch 3

Reconstruction with autotrinsplantition to the sliac fossa
Rescetion and anastomosts end to end or rermplntation
Nephrectomy

Resection of the krdney

o g

only Iinuted value In Part 1 (ANDERsSON 1979) the preoperative anmographic find
mngs in 43 patients with unilateral renal artery stenosis and surgested reponascular
hypertension were described and the sigmficance of these findings was discussed
In the present report the angrogriphic findings are correlated to the blood pressute
response after reconstructive surgery or nephrectomy m an attempt to fine the
angrographic charactenistics of surgically curable renovascular hypertension

Matertal and Methods

The matenil consisted of the stme 43 patents s 1 Part I with unilateral rendl
artery stenosis or occlusion One patient was lost to follow up Thus 42 patents
form the basis of the present report In 19 patients with 1 mean age of 5} years
(rnge 42-69 years) the stenosis or oecluston was of atherosclerotic type n 13 patient
(mean age 31 years range 540 years) the stenosis ws ciused by hbromuscu(a;
dyspltsin and an 10 (mean 1ge 38 years ringe 10-66 years) the stenosis w20
other or not specificd type

The factors recorded from the preoperative frims and other detas are 2R "
Part 1
The indication for operation was based on the findings 1t nCphronanG”P")l'
and 1 33 of the patients also on determmnation of plsma renin activity 1 the T n:t1
venous blood The mterval between wngiography nd operation varied between 5 an
365 days with 2 mean of 37 days The surgical procedures are histed in Table ! Fout
pitients were reoperited upon due to fulure of the first operatron In thest cas:’i
the defimite procedures were listed as were the results of the fimal operations The
patients were followed postoperatively for a mean of 28 months (range 7-58 mcnlh;)t
Postoperative angiography was performed n 16 patients In the chssification of l‘
response to surgery the prnciples given by Maxwril et coll (1972) were largely
followed

Cure Duastolic blood pressure 90 mmHg or less without medication .

Improvement a) Decretse m diastolic blood pressure with at least 15 mm}lé";“
out medtcation b) Drastolic blood pressure 90 mmHg or less with the same me ica
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Fig 2 3
wducing lummal area by 50

et thrombendarterectomy and reconstruction with vewa patch Moderate dilatation corresponding
tothe patch Patient normatensive 4 years after operation

) Preoperative angiography 49 year old man Atheromatous sclerosis m the renal artery
or more (=) No collateral circulation b) Angiography 2 weeks

kadney supphied by the stenotic artery was ummproved while 3/6 patients with bt
lateral fesions were unimproved (Table 3}

012430 patients (80 ) with an RVRR over 13 18 were cured and 6 tmproved
600 ) were unimproved The remainmng 3 patients had an RVRR of 13 or less
and were cured or improved In 2 of these patents the vascular lesions engaged

only part of the kidney white the third patient had a stenosts in the mam stem of a
§n le artery

Eight of 42 patients were

P and y was per
Table 3
Tuira enal artersal lesions or cort cal lesions tersus blood pressure response (37
Ppatients)
Lesons con Leswonscon  Bulateral No
finedtokid  fined to lesions lesions

ney affected  contralateral
bysicnosis  kidney

‘c“"" s 2 15
mproved 2 1 1 4
Unimpeored

Prov 1 1 3 M
Towt s N p ”
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romuscular dysplasia 1n dusial past of
ateral flow through mienor
d with an autologous
on Normal vem

Fig 1 a) Preoperatne angtography 32 year old woman Fib
renal artery  Short stenosts reducing luminal area by 90 or more Coll
eglr:r;!l?[rtgrrly Stenotic ;ccé;mcm was resected and the renal artery reconstructe
he pitient beeame normotensise b) An hy 1 year alter opurab
graft No collaterals ' ) Angiowriphy {33 ™

If only patients with a stenosts 1n the mun stem of 1 single artery are considered
16/18 (89 ) with 1 reduction of the hidney length of at least 1 em were cured or 1
proved and 4/8 (50°,) with 1 reduction less than [ cm

Only 1/8 ptients with satrarenal arterial lesions or cortical festons confined to the

Table 2

Blood pressure response after surger) tersus angiographic abrormaliti
wntlateral renal artery stenonis or occlusion

es ut 47 patients with

Cured  Im Unim  Total
proved  proved
O clusion 4 2 6
Reduction of lumen arca by 90 or more 20 6 6 kY
Reduction of lumen arca 75-90 1 1 2 4
Total 25 9 P 42
Collateral circulatton + 17 s 2 M
Collateral circulation — 8 4 6 18
Poststenotic dilatation + 2 5 8 34
Poststenotic dilatation — 2 2
Reduction of kidney length I cm or more 14 4 2 20
Reduction of kidney fength Iess than I cm 10 4 I3 20

+ presence of leston
— abscnee of lesion
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Fig 4 Postoperative angto-
graphy 35-year-old woman Fi
bromuscufar dysplasia engaging
one of two night renal artenes
The mam stem of the affected
artery was reconstructed with an
autologous vem from the aorta
(=) Qecluded branches coufd
not be reconstructed and are
supplied by collaterals (=)

it pressure  ummproved
Cortex of upper pole of the
kidney supplied by a normal
artery arregufar as was cortex
of contralateral kdney possibly
due to nephrosclerosis

Postopetative angiography was not performed n 2 unimproved patents with
220315 of not specified type Both had an RVRR over 13 The 2 patients n this
res with the feast severe steroses reducing lummal area about 75 and 82 per cent
Ppectinely were bath unimproved RVRR was positive 1n both cases
pag:;:m: of operation m relation to the type of stenosis were as follows Of 11/13
i «xt hrlbmrnuscul;u' dysplasta (84° ) 9 were cured and 2 improved of 15/19
P Wb therosclerosis (79 ) 11 were cured and 4 mmproved and of 8/10
S %1th stenosis of other not specified type (80° ) 5 were cured and 3 improved

Tao
» Batients with (ibromuscular dysplasta 4 with atherosclerosis and 2 with other
Pes ol stertosis were unimpraved

B

Discussion

:;::;‘:‘;:ilz ]agrecd that hypertension caused by a renal artery stenosis 1s mediated
Muh e 1,1’ Anziotensin system The mechanisms of renin release are complex
Modung jumcrﬁ been drawn to the baroreceptor theory implying that the remn
Tomr gt - I;;t;eru(ar cells 1n the afferent arteroles act as stretch receptors
hanges i o )} There 15 evidence indicating that these receptors respond to
oty ernal pressure (SkIvNeR et coll 1964)
A of g rengy P ard expenmental nvestigations have shown that the transverse
Yo of Presour r:,ylr;msl be reduced 80 to 85 per cent to give & perceptible reduc
' 7@ Niow rate distal to the stenosis (Haniovicr & ZrvicoLa 1962

Mat et oy
1963 BIOR\G & Prrrersson 1977) 1In the present senes 38 Patients hag
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Fig 3 Preoperatne angtography 55 year old man  Atheromatous stenosis i ‘[hc renalsn:':z
reducing lumunal area by 90 or more No coll A 3 roved
reconstruction of the artery with an autologous vein from the aorta Blood pressure \-Y:l(m&nmh
desprte normal graft The outhning of the kidney shightly trregular i the intermediate pa

of hudney reduccd comy with h

formed 1n 6 of these Four pattents (mean age 58 years) had a stenosts of mhcr;
sclerotic type 2 (29 and 35 years of age) fibromuscular dysplasta and 2 (44 and .
years of 2ge} a stenosis of not specified type Postoperative angiography of md
patients with atherosclerotic stenosts revealed a normal Jumen in the recansiruste
artery m 3 patients (Fig 3) and a shght stenosts in one In one of the pancmsz\sll:l:
plementary artery had become accluded since the preoperative exammation A ‘
patients had intrarenal artersal abnormalities or cortical lestons which were brlmc:’
i 3 patients and confined to the kidney affected by stenosis 1n one patient This
Iatter patient also had a local Infarction of the kidnev At postoperative exanunation
(mean interval between pre and postoperative angiography 26 months) the kidesys
had dimmished m fength bilaterally compared with the preoperative emmmm:o!;
Preoperative RVRR was over 1 31n 3 and not petformed mn one of the untmprove
patents with atherosclerotic stenosis '

One of the 2 ummproved patients with hbromuseulsr dysplasia was 4 lechmc‘:i
failure At postoperative angiography branches of the renal artery were occlude
and supphed by collaterals (Fig 4) In the other patient (RVRR over 1 3) the 05’“:
tion was technically adequate but a severe poststenotic dilatatron remamed pos

operattvely (Fig 5)

3
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| mfluence the measurement of a stenouts which then can be underestimated Such

Lactors might at least 1n part explan the results of the Cooperative Study
The of col 1 1 as an ind of curable r 1

Yypertension proposed by other authors (BOOKSTES BRouN ERnsT et coll 1972
BOOKSTEIS & WALTER) 1s confirmed 1n the present senies If one technical farlure 1s
excluded all patients but one (22/23) with collateral circulation were cured or im
proved On the other hand absence of collateral circulation does not mean an 1n
significant stenosts which 15 ilfustrated by 12 cured or improved patients of 18 with

out collateral If Possible it were d previously (Part I
ANDERSSON)

In the present matersal poststenotic difatation was present in zll but 2 of the
patients with a reduction of lumen area of at least 90 per cent and i all 4 patients
with fess severe stenosts BOORSTEIN et coll (1972) found poststenotic dilatation n
13 pex cent of patients with stenosis reducing Jumunal drameter by less than 50 per
cent and SUTTON et coll (1961) observed poststenotic dilatation in 9 of 20 stenoses
with 30 per cent reduction of lurminal diameter It thus seems probable that post
stenotic dilatation may be generated by stenoses which should be msigmificant 1n
regard to reaovaseular hypertension

A eduction of the size of a kidney may be cansed by a variety of lesions However
‘ll:dc::ci of hemodynamucally significant renal artery stenosis such a reduction of the
mht;;l;cl may be due to a falt 1n blood pressure (COLLIER & SwANN 1971) Also
Con etmp);]y which 1s a common finding m kidneys supplied by stenotic artertes
ot g coll 1957) may play a role Thus 1s corroborated by the increase 1 size
et e u‘]f noted on angiography after successful artenial reconstructions The
demof g o sllndlcale that the majonty of significant stenoses engaging the maimn
oclusion ‘:E C:drlery reduced the kidney length by at Jeast 1 em If the stenosis or
i ma:iﬁ only part of the kidney the reduction of the length of the kidney

From o <mn the magonity of cases
Ksans g ;\:::S:;I m;tcnal 1t appears that ipsilateral mtrarenal arterial er cortical
tary bilzten lmo!nss d :cnoot :reclude a favorable response to surgery On the con
s 2 orge mbination with alssc‘nosts of atherosclerotic type probably

These cases pi ly a more ad d athero-
PO of papents o r:ean age of these patients was higher than that of the whole
© the coﬂlrahlera]‘ll(( atheromatous stenosis Two patients with lesions confned
conclusions 1dney one of whom was a techmcal fatlure do not permut any

JlA:n::ts](()R )0‘;; 13 correctly predicted a favorable Tesponse to surgery in 24/30

e Thrscmc:(‘,: v;uh R}\‘IRR over 1 3 were ummproved thus representing

1 representng msrmgral:‘:vsn AR\]I{};}:1 ]‘if 13 olr less were cured or mmproved
Perenchymal deases o n over 13 may occur 1n various renal
““‘“u Stowr 50 1n patients with essenttal hypertension (MaRrks &
cteoll) A false negative RVRR may be caused by various factors

0w disease The

it oy
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redu g
fig 5 a) Preoperatne mgosrphy 29 year old woman .S!mrl stcngsst 1n renal ngrzcm alter

lununal aren by more than 90 () Severe p i
reconstruction with pately gralt. Remaming dilatatron Blood pressute ummprove

etther occlusion of the renal rtery or 1 stenosis reducing the arca by 90 per ‘”lmn‘:i
more Thirty two of these patients were cured or improved by surgery 0111)’41‘; ‘:ﬂ
had a stenosis reducng the lummnaf rea by 75 to 90 per cent one was cure iy
mmproved and 2 unimproved The ptient who was cured had only one hidney -
such 1 c1se 1 smaller degree of stenosis may be criticnl due to mereased volume
flow rate

The results are in accordnee with those of BoonsteiN who found that mam sle::
stenoses with 1 dameter of 1 5 mm or less always were hemodvnamecally slé!‘“[““nt
and that stenoses with 1 diameter of 16103 mm in haif of the cises were sxgm(::“
About 75 per cent of significant stenoses hnd a favorable response to surgery Fal
cver, n the Cooperative Study of Renov iscular Hypertenston (BOORSTLIN cnuenls
1972) 2 favortble response to surgery was qchieved not only 1n 148/196 Pcans .
{76°) with a reduction of Iyminal diameter of over 50 per cent (which r't;r) wt
reduction of fumunal arex of over 759, assuming the fumna to be :mnuhnn 0
also s 19,32 patients (59%) with 1 reduction of lomunal diameter of Icsz 1 o
per cent These results are diffteult to explun in view of the data on the cﬂtc »s
stenosis pecessary to produce a decrease In pressure and volumetric p[,'o“;]m[acwrs
was pamnted out previously (Part T ANDERSSON) projectional and technic:
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ZUSAMMENFASSUNG

Die Befunde bei eimer pl hte von 42 hen Patien
ten mit umifateraler renaler artericlier Stenose bzw Okklusion wurden zu der Blutdruck
serinderung im Anschiuss an die Chirurgse und ebenfalls zum praoperativen renalen venosen
Remoaktnstat Verhaltnis korrehert Etne Stenose die den Querschnitt von mindesten 90
Prozent einschrankt (oder Okklusion) und das Vorkommen eincr Kollateralen Zyrkulationen
wurden als stark verdachtiy, fur ene renovaskulare Hypertension befunden

RESUME

Les 2uteurs ont etabli une correlation entre les signes néphroangiographiques préopéra
tomes chez 42 malades hypertendus ayant une stenose ou une occlusion unilaterate de
Fattere tenale et 1a réponse de la pression arténelle aprés | mtervention chirurgicale et aussi
le ragport d activite de fa rénine avant | operation dans [a veine rénale Une sténose rédusant
a surface de Ia lumeére arterelle d au moms 90 (ou uneé occlusion) et 1a présence d une

areutation collatérale sont considérees comme des signes de forte présomption d hyper
ension rénovascularre
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(MARKS & MaswrLL) If the stenosis affects only a part of the kudney the renin
activity may not be high enough in the mun rentt vein from which blood ts usually
sampled to give a significant ratio Two of the present cases may have this explzna
tion The thied patient had a stenosis 1n the maw stem of a single artery

The results may be considered as follows A stenosts reducing lummal area by 90
per cent or more which usually means a diameter of stenosis of less than 2 mm i
the mam stem of an artery supplying a whole hidney strongly suggests a stemixant
stenosis 1 ¢, a stenosis which 1s responsible for hypertenston No deftnite conclusions
can be drawn from the present matenal concerning stenoses reducing luminal area
by 80 to 90 per cent but apparently also such stenoses may sometmes cause hyper
tenston The possibility of the lumen not being annular should be hept m mind
Collater1l circulation 1s strongly suggestive of 1 significant stenosis A reduction of
tummat 1rex of 90 per cent or more and the presence of collateral circulation are
the mun crterin and are considered highly mdicative one by one Althourh less
specilic 1bnormalittes a reduction of hidney size and poststenotte dilatation may
speak 1n favor of 1 sigmficant stenosis they may be of value in cases which cannot
be delinitely evaluated on the basis of the mam criterra

With the above criteria 6 unimproved patients with a stenosis reducme fum
aren by 90 per cent or more were false positives (14%) Four of these had rentn
determmations all with RVRR over 13 Two patients with a stenosis reducing
luminal area by less than 90 per cent and with a favorable response to surgery were
false negatives (5° ) One of these was correctly predicted by an RVRR over i3h
1s thus apparent that witlun the group of patients with the most severe sienoses
which were with all probability hemodynamtcally significant neither nephroansio
graphy nor RVRR could with certunty diferentiate those patients who would
benefit from operation from those who would not Fctors other than hemodynamt.
significance such as the presence of nephrosclerosts and the age of the patients ma)
be of importance

pal

Conclusion

No rdeal method exsts which can predict the blood pressure response after econ
structive surgery or nephrectomy for renal artery stenosis or occluston The present
sertes anduates that nephroangiography s 1 valuable method and that 1t 18 well
comparable with the renal vein remn activity ratio as 2 predictive test The methods

are complementary

SUMMARY

The findings at preoperative nephroa hy of 42 hypertensne patients with umlateral
enal artery stenosis or occlusion were correlated with the blood pressure response follow wg
: nd also with the preoperative renal vein renn activity ratio A stcnosis Teducing

cea by at least 90 per cent (or occl ) and the of coll 1 circutaion
hly suggestive of renovascular hypertenston

surgesy a
juminal &
are canstdered to be higl
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ZUSAMMENFASSUNG

Die Befunde be emer P tue vou 42 hypert Patien
ten mit unlateraler renaler arteneller Stenose bzw Okklusion wusden zu der Blutdruck
serinderung 1m Anschiuss an die Chrrurgie und ebentalls Zum praoperativen renalen venosen
Remnakuvilat Yerhaitms korrehert Eive Stenose die den Querschatt von mindesten 90
Prozent {oder O wnd dag Vorkommen ewer
wurden als stark verdachhig fur eine Tenovaskulate Hypertension befundea

RESUMEL

Les uteurs ont établi une correlation entre les signes nephroangogtaphgues préopera
towres chez 42 malades hypertendus dyant une stenose ou une occlusion umiaterale de
Lardse rerale et 1a seponse de la pression arterielle aprés | intervention chururgicale et auss
lerapport d actrvité de Ix renne avant 1 opération dans la vewe rénale Une sténose rédursant
{a surfece de la lumuere arterselle d au moins 90° (ou une occlusion) et 1a présence d une

curculaton collatérate sont considérees comme des signes de forte presomption d hyper
tension renavascularre
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LUND SWEDEN

PERCUTANEOUS PRODUCTION OF RENAL
ARTERY LESIONS

Experiments 1n the pig

L ExeLunp and H STRIDBECK

Most €xperimental techniques that have been used to produce renal artery stenosis
quu"uurgmalexplorauon of the renal artery Recently anon surgical percutaneous
technigue using guide wire manipulation of the renal artery has been described
(ENLUAD et col] 1978) The nisk of total occlusion and clot formatron m the renal
attery after subintimal injection 15 considered high (Jonsso et coll 1977) but chmical
Sxperience of the natura) course of these lestons 1s Iimited Therefore 1t was found

m
! otvated to mvestigate 1n an experimental model the sequelae of various types of
Mraartersa) Injury to the renal artery

“Material and Methods

k:::rnglﬂed breed domestic swine weighing 6 to 8 kg at the beginning of the ex
o e keu:’cmd were used General anaesthesia was provided by an imitial dose of
Lo g minum (ketalar Parke Davis US A )and 10 mg dropendolum (Dndol

eden) grven ing, ly The h was ) when needed

Wath ¢

ulledh: same drugs Intravenously The femoral artery was exposed and a red thin
Wifa catheter (OD/ID 2 21

nery Intraarte,

then performeq
T

using 15 ml of ¥
S for putieaton 16 December 1978

A1 Ragoy,
TaD 1o i % (197
(1979) Fasc 6 007
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1 r

d

ht renal artery
avasation of contrast medium following traumatization of the g )
Fig 1 “} [E::rm artery supplymg upper pole of left krdney ¢) § dnys later 1 stenosts has dc‘(cc':gfcd
£ lg"[rm e e nore ) y following balloon catheter difatation s
src:‘mgnl has somewhat mcreased diameter
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i

Tp 2.Same case as Fig 1 Angography 20 days following arterral dilatation Occluston of previously
sten

0sed artery on left side Persistent aneurysm 1n maen stem of night renal artery (—)
retedatarate of 15 ml,
artenes were then sele
stff end passed beyond
of the repal artery was
Procedure angiograph,
this mechamica myu

/s One film was exposed per second for 6 seconds The renal
ctively cathetenized a metal guide wire mtroduced and the
the tip of the catheter in the renal artery Therealter the ntima
injured by vigorous manmipulation of the guide wire After this
y was performed n order to document the immediate effect of
1y to the renal artery For the selective sertes 4 ml of contrast
tedium were yseg injected at a rate of 5 mljs The same procedure was performed
on both sides The catheter was then withdrawn the femoral artery sutured hemo

stasis obtained ang the amimal was returned to s quarters Repeat catheterization
{Trom the Contralateral femoral artery) was carned out within 4 to 45 days the blood
Pressure was recorded and subseq bd

a
£12phy of the kidneys
(Mededh o €ys were perform d A 5 French

ballogn inflate

or phy and selective angio-
(0D 1 7 mm) balloon catheter
0per Scientific Corporation U S A ) was then introduced and the
Quath g dfor 30 s with | 10 3 ml of contrast medium 1n 4 separate renal arteries
condeq a‘enoses) When the immeduate effect of the balloon distension had been re
10 econe "t\Ptat angiography the catheter was withdrawn and the amimal allowed
aneny T Within 18 10 43 days repeat cathetenzation (v1a the left carotid or axillary

™) %as performed and the blood pressure recorded followed by angiography

Results
or'thsuney of the angiographic findun,

25 15 given in the Table Vigorous manipulation
" UP of the guide wire resulted

In rupture of the night renaf artery in one case
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Table
Angiographic findings i the present materal

Anmmal Immediate effect of Tune Sccond catheterization Time  Thied

No manipulation mtenval mnterval  cathetenzaton
(days) (days)
1 Extravasation right 5 Aneprysm right 20 Ancurysm night
intimal lesion left segmental artery occlusion left
stenosts feft segmentsl artery
balloon dilatanon
2 Intimal iesions 45 Intimal lestons healed 43 Regress on of
bilaterally batloon oser distended b i
Teft renal artery —
pseudoancurysm
3 Intimal ksions 27 Intimal lesions healed 19 Severe stenosss
bulaterally balloon aver distended 1uft renal artery
left renal artery >
rupture
4 Intimal fesion night 20 Stenosis night renal 18 Occlusion nght
artery renal artery

bafloon dilatation

with extravasation of contrast medium An mntimal lesion was produced 1n & 565
mental artery on the contralateral side At repeat angiography after 5 days the @
tured right renal artery had healed with 1n aneurysm s sequela and a segmental
renal artery stenosis was demonstrated on the left side Balloon catheter diatatton
was attempled within this stenosed segmental artery but repeat angiography 20 days
later showed this artery to be occluded The aneurysm of the night renal artery Was
persistent (Figs 1 2)

In the second pig bilateril intrmal lestons were created Th
45 days Jater (Fig 3a b) The balloon was then over distended {inflat
of contrast medium} in the left renal artery resulting m the production
aneurysm The size of the zneurysm had remarkedly decreased 43 days later (Fig
3¢ d)

Bilateral mtiml lesions were also produced in the third wnima
were healed at angiography 27 days later A balloon catheter was then 1ntro
and the batloon over distended m the left renal artery, resufting in rupture of the
artery (Fig 42, b) The pig survived after treatment with intragrtenal flud and 19
days later was a severe stenosis of the artery demonstrated as a result of the previow
tupture (Fig 4)

The last ammal 1n the series had an intimal leston of the right renal arterV whi
no effect of the gude wiee manipulation could be traced tn the contralateral arfery
e injured artery was demonstrated 20 days later and the kidney had

ese lesions had healed
ed with 3 ml
of a pscudo

1 Even these jesions
duced

e

A stenosts of th
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A it
c

Fie- 3 1) tntmat tesion 1 mamn stem of left renal artery (Intimal tear was evident in right renal
'":‘1 28 %ell) b) Abdominal aortography 45 days later Healing of mtimal lesions bilaterally
rePhroang ography immediately followms over.disiension of balloon n Teft renal artery dem
Tt 218¢ picudosncurysm ) 43 days later Surprisingly rapid decrease 1 size of pecado-
TS (Catheterization via left carotid arery )
deereased o,
loon cath
*3s lound L {

nsiderably in size An attempt was made to dilate this stenosis with

cter (inflated with 1 ml of contrast medium) but 18 days later the artery

ps 0 be occluded (Fig 5)

dud:de *ire mampulation thus led to ntimal lesions n 7 of 8 renal artenes (tn

tnmi ":C €ase of extravasation) Healing as estmated at angtography had oc

na :mn ©f these renal arterses 27 and 45 days later Stenotic lesions were produced
= Aenes and an aneurysm 1n one Balloon catheter dilatation of the 2 stenottc

)
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Fig 4 a) Balloon over dr:

stended m
artery resulting m b) rupture and mark’:g cre‘nal
vnscmor: of conlrms( medium <) 19 days 'l(all‘:r
severe stenosts of pr
severe previously ruptured left renal

he balloon resulted
e 1 the other No

festons resulted mn occluston 1n both mstances Over distenston of t!
m pseudoaneurysm formation "one case and renal artery ruptur
significant change 1n blood pressure occurred 1n any of the animals during the €%

perimental pertod
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~

o g e

-

ntimal Jesion of mam stem of
anery mmeduately folfowing
manipulation  b) Abdormnal
dontography g ater Severe stenosis
of nght veng) artery with shrunken kidney
oon inflated 1n stenosed renal

ly followng battoon

(3O stenosis 1 less marked
fast medium within

A

€) Abds

P ing dilatation (cath
a

Prided mhlumz;nzry) Total occlusion
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Fig 4 7) Balloon over distended 1n left renal
artery resultingin b) rupture and marked extra
vasation of contrast mediom c) 19 days later
severe stenosss of previously ruptured Ift renal
artery

c

balloon resulted
1n the other NO
1s during the ¥

lestons resulted tn occlusion in both nstances Over distension of the
1n pseudoaneurysm formation mmone case and renal artery rupturc
significant change 1 blood pressure occurred m any of the amma
perimental pertod
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P 5 a) touma)
Tight rena) arter
Ruide Waire

! lesion of mamn stem of
™Y Immediately following

diately following balloon

E20hy 18 days fofiony
S valkdtailary

ng dilatation (cath
I nght fena] arye

artery) Total ocelusion
b7

¥ Mgy
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Fig 4 a) Balloon over distended 1n left renal
artery resulting in b) rupture and marked extra
vasation of contrast medum ©) 19 days later
severe stenosis of previously ruptured k ft renal
artery

lesions resulted n occlusion 1n both mstances Over distenston of the baltoon resulted
1n pseudoaneurysm formation 1n"one case and renal artery rupture 1n the other No
significant change m blood pressure occurred 1n any of the ammals during the ex

pertmental pertod
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shly after 2 weeks No repeat hy was perf d The same q
wasattempted 1n the present 2 cases of expenimental renal artery stenosis The im
meduate effect of dil as evaluated at graphy looked p [t d

dameter of the stenosed artery) but repeat 2ottography after 18 and 20 days respec
tnely showed complete ocelusion of the stenosed artery In both mstances were the
stenoses of the elongated type which probably 15 not well suited for balloon dilatation
short, membraneous stenoses are probably more prone to react positinely Centamly
further expeniences of this techmique n expenmental models are mecessary before
general use n chnical practice

Possible complications from over-distenston of the balloon in the renal artery were
o d Previous exp with balloon n hy have
sue ested that undue distension of the balloon may cause aneurysm of rupture
{Isew & Ouv 1972) Tn the present senies both these types of complications could
be produced by ovennflating the balloon with 3 ml of contrast medwm (Figs 4 5)
The traumane pseudoancurysm regressed remarkably aver a peniod of 43 days but
stll represents a senous complication that must be taken 1nto consideration 1n a
dscussion f the ndications for the use of balloon catheters 1n diagnostic and thera
Peutic antiography However as pointed out by JEnsts & Ouv af the balioon 15
Oser-distended its shape will change from a sphere to a cylinder which Is casily
Riealed at fluoroscopy The risk of complication should also decrease by the use of
% tspe of batloon catheter recently intsoduced by GRUNTZIG et coll
crA possible further application of the present p expenmental technigs

Inunng the intima of the repal artery by guide wire manipulation includes an
315 of etroloytc factors sn atherogenests It has thus been shown in rabbit ex
Pm:::r;m; that mechanical trauma to the aorta may produce Iiprd nch non regressne

thickening suggesting trauma as possible tmtial factor 1 atherogenesis

mﬂl;it;ml%sv The present techmque 1n comb with pic examina
e mjured
octopmen yured renal artery might provide further information regarding the

t af atheromatous renal artery stenosis and
subsequent renal vascular
h)’penensmn i a ?

SUMMARY
Percut,
endof :f‘z::,us Intraartenal traumatization of both renal arteries n 4 Pigs using the stff
was demg ¢ Wire resulted tn 1ntimal lesions in 7 arteries At repeat angiography healing
"strated an 4 of these arteries that may

Mote Sormmg
Ttafly e :: than usually believed Balloon catheter dilatation of 2 stenotic segments
both arteries were

o g 258 11 dametes of he stenoses but at repeat angiography
esulted 1 pseudos
M 0ne case and rupture in the other

neuryen | luded Over-distension of the batloon 1n the renal artery Te

N ZUSAMMENFASSUNG

e perk

) onter m'::‘a;:_'ﬂfraamm]]e Traumatisieruny, berder renaler Arterien von 4 Schweinen
® des sterfen Endes eines Leiter Drahtes fuhrte zu emner Intima Lision
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Discusston

Most experimentnl techmiques for the production of renal artery stenosis require
surgical exploration of the renal artery Clamps constrictors and various degrees
of ignture of the renal artery have been used (GoLpBLATT et coll 1934 Hamiovic &
ZINicoLA 1962, FLrrARIO et coll 1971 Luper ct coll 1972) The depositton of 2
prece of catheter within the renal artery with subsequent thrombus formation has
also been used to mitite progressive and subsequent occl (HeLstey
ct coll 1976) Recently 1 non surgical percutancous and ntraarterial technique for
creation of renal irtery stenosis in the dog was reported (ERELUND et coll) Using
this technique with ginde wire manipulition of the renal artery, intimal lesions were
produced 1n 7 of 8 renal arteries m the present series These lestons usually had the
same ridiographic ppeirance as the mtimal tears occasionally seen m clintcal
angiogriphy JoNsson et coll (1977) found submtimal depostts of contrast medum
n 5 (09°) renal arteries at 583 nephroangrographies These authors concluded that
the risk of total occlusion and clot formation 1n the renal artery aflter subintimal in
Jection 1s high TALNLR et coll (1975) reported 3 cases of renal artery dissection asa
complication of catheter angiography They concluded that dissectton causing corm
plete vascular obstruction usually requires immedrate surgery although spontancous
re establishment of flow may occur They also pomted out the fact that if a sub
tntimal tnjection 1s observed fluoroscopically duning the test injection further in
Jections of contrast medium should be wvoided as each ingectton increases the tikeh
hood of vascular occluston The fact that 4 of 7 itimal tears in the present senes
healed would seem to indicate 1 tendency for spontancous restitution i cases where
the obstruction of renal blood flow is not significant KADIR (1978) observed spon
tancous heiling of catheter induced intimal lestons of renal arterics 1 2 patients
However 1t should be emphsized that the theromatous lestons occurning 1 older
patients but not in the experimental animal certunly pliy an important role 1n the
natural history of these intimal lesions providing a higher risk for clotting md sub
sequent occlusion

Using the present technique of mechanical nyury to the mtima stenotic lesions
developed 1n 2 of 8 renal arteries In one case (Fig 5) the stenosis was undoubtedly
hemodynamicaily significant as the size of the hidney decreased considerably within
20 days Therefore 1t 1s surprising that no sigmftcant change i blood pressure could
be detected 1n any of the ammals The fact that the blood pressure recordings were
obtained during gencral 2naesthesia may be of some relevance in this connectiont

Recently a preliminary report on balloon catheter dilatation of renal artery stenosis
1n the dog was published and the possible clinscal indications of this technique dis
cussed (ERELUND et coll 1978) The same year a percutaneous translummal dilatation
of a renal artery stenosis in a 61 year old patient with hypertension was reported by
GrinTzIG et coll Shortly after balloon catheter dilatation blood pressure w:\;
normalized and renal plasma flow increased However, blood pressure ncrease
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siebtly after 2 weeks No repeat angiography was performed The same technique
wasatiempted 1n the present 2 cases of expenmental renal astery stenosis The xml
mediate effect of dilatation as evaluated at ang phy looked p (
diameter of the stenosed artery) but repeat aortography after 18 and 20 days respec
trely showed complete occlusion of the stenosed artery Tn both instances were the
stenoses of the eloneated type which probably 15 not well siited for baltoon dilatation
shot membraneaus stenoses ase probably more prone o seact posinely Certawly
further expenences of thus technique 10 expenmental models are necessary before
eaenal use i chinscal practice

Possible compheations from over distenston of the balloon in the renal artery were
o d Previous with balloon cath 0 anpiography have
% eed that undue distension of the balloon may cause aneurysm or Tupture
ey & 0w 1972) In the present sertes both these types of compheations vould
be produced by overnflating the balloon with 3 ml of contcast medium (Fags 4 5)
T traumatie pseudoancurysm regressed remarkably over a penod of 43 days but
5 represents a serious complicatton that must be taken into consideration in a
dsssion of the indications for the use of balloon catheters in diagnostic and thera
feulic anzography However as posnted out by JEnses & Oun if the balloon 15
o disended us thape will change from a sphere 10 a cylinder which 15 easily
eealed gt fluotoscopy The risk of complication should also decrease by the use of

e 4ypz of batloon catheter recently introduced by GRUNTZIG et colt

A possible further application of the ptesent perc P ! technig
o ’l”JJ"l‘g the 1ntima of the renal artery by guide wire mampulation ncludes an
2nal

955 ol etiologe factors 10 athecogenests Tt has thus been shown in rabbst ex
Penments that mechanicat trauma to the zorta may produce ipid nich non regressive
Mmal ghickenng sugiesting trauma as possible 1tial factor 1n atherogeness
thbkmw 1969) The present techntque 1n combination wath MICTOSCOPIC examina
1 of the inyured renat artery mught provide further information regarding the
dnrelopmeny

b 4 of atheromatous renal artery stenosis and subsequent renal vascular
“Petiension

SUMMARY
Percutancong gy

ol g gt raarteqal traumatization of both renal arteries 10 4 pigs using the stiff
ng dcmg‘"(c Wire 1e ulted an wttmal tesians 1 7 attenes A repeat angography healing
e cm“r\s Tated 1n 4 of these arterrs sugyesting that spontaneous restitution may be
gl mc"’“’ﬂ 'ha: usually befieved Balloon catheter dilatation of 2 stenosic segments

' be:::]‘i the deameter of the stenoses bug at repeat angography both artenes were

ey ded Over-distension of the balloon 1n the renal artery resulted in pseudo-
714 0pe ease and rupture 10 the other

ZUSAMMENFASSUNG

Wiraacterelle Traumatsierung beider renaler Arterien von 4 Schweinen
ng des steilen Endes emnes Lemter Drabtes fubrte 2u emer Tntima Lision
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von 7 Arterien Bey wiederholter Angrographic wurde cine Abhetlung 1n 4 dieser Arterien
nachgewicsen was zyr Vermutung fihrt dass eine spontane Restitution gewohalicher, als
bisher angenommen wird 1st Eine Ballonkatheter Dulatatton von 2 stenotischen Segmenten
yergrosserte initial den Diameter der Steaosen, bet wiederholter Angiographie waren jedoch
berde Arterten okMudiert Einc chrdchnung des Ballons i der renalen Arten, fuhtte 20
einem Pseudoancurysma in etnern Fall und Ruptur in emem anderen

RESUME

Ie traum stisme Intraarteniel par voie percutande des 2 artdres rénales réalisé sur 4 porcs
moyen de 1 extrémyté rigrde d un guide métallique a donné des I&sions de | mtima dans
7 artéres Upe deusiéme angiographie a montré fa guérison de ces lésions dans 4 du oes
artéres fasant penser que la restitution spantanée peut ctre plus fréquente qu on e le crort
habituellement La dilatation par un cathéter 3 ballonnet de 2 segments artériels sténosés
a d abord augmenté lo diamétre des sténoses mais une angiographie ultérreure 2 monteé
que Jes 2 actdres dtarent occluses La surdistension du ballonet dans | artére rénale a donné
un pseudoanévrysme dans un cas €t une rupture dans | autre
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Radiography of specimens
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The examunation of laryngeal carcinoma by laryngoscopy palpation and radio-
2phy—comventional film and lar hy—can
ually provide adequate mformation on the superficial extent of the tumour
Ororssoy & SOKIER 1977 1979) Vocal cord fixation and radiographic evidence of

) “arulage destruction indicate deep tumour mvaston but do not provide a sufficiently
:’; ¢ bagss for deciding on the most suitable form of treatment particular on

© Slection of patsents for partial surgery with conservation of vosce and airway

. Therefore 1 Was constdered of interest to elucidate whether the application of
“0°1aphy could improve the radiologic evaluation of laryngeal carcinoma For

th\; Purpose angrography of normal and some pathologic specimens was performed
3 tbe results are now reported

4 e farynx 15 supplted by the supenor and nferior laryngeal artertes which are
fanches of the

Ko superior and nferior thyroid arteries respectively (RAUBRER
) PSON 1955) “The superior laryngeal artery usually enters the larynx through the
xp‘:h)md membrane but may enter through the thyroid foramen 1 the postertor
T

\Pﬁ)( the thyroid cartilage This was found to be the case 11 about 20 per cent
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von 7 Arterien Bet wiederholter Angiographic wurde emne Abherlung i 4 dieser Artenen
nachgewiesen was zur Vermutung fuhrt dass eme spontane Restitution gewohnlicher als
bisher angenommen wird 1st Fine Ballonkatheter Dilatation von 2 stenotischen Segmenten
vergrosserte imtial den Drameter der Stenosen ber wiederholter Angiographie waren jedoch
beide Arterien okkludiert Etne Uberdehnung des Ballons 1a der renalen Artene fubrie
emem Pseudoancurysma in emem Fall und Ruptur in emem anderen

RESUME

Le traumatisme ntraartéricl par voie percutanée des 2 artéres rénales réalisé sur 4 pores
au moyen de | extrémué rigide d un guide métallique a donné des Isions de Lntima dans
7 artéres Une deuxiéme angiographie a montré fa guénson de ces lésions dans 4 de ces
artéres fasant penser que la restitution spontanée peut ctre plus fréquente qu on n¢ Je crott
habitucllement  La dilatation par un cathéter & ballonnet de 2 segments arténels sténosés
a dabord augmenté Ie diamétre des sténoses mats unc angiographie ultérreure a montsé
que les 2 artéres étaient occluses La surdistension du ballonet dans | astére rénale 2 domné
un pscudoanévrysme dans un cas et une rupture dans 1 autre

REFERENCES

BIORRERUD S Atherosclerosis d by mechanical frauma in normolipidenc rabbis
J atheroscler Res 9 (1969) 209

ERELUND L GERLOCK JR J  GONCUARENAO V and Novak G Balloon ca
of renal artery stenosis 1n the dog A prelmunary report Europ Urot 4 (1

FErrARIOC M BLumte C Napzas G R and McUppinsJ W Anexterna
renal artery clamp J appl Physiol 31 (1971) 635

GorontaTr H Lyner J Hanzat R and SUMMERVILLE W
hypertension The production of persistent clevation of systolic btood pressw
of renat ischenuz J exp Med 59 (1934) 347

GRUNT2IG A VETTER W Merer B Kumimany U Lutolr U
Treatment of renovascular hypertenston with percutaneous translumnal dilata
renal artery stenosts Lancet I (1978) 801

Hamovict H and Zintcora N Experimental renal artery stenosts D
of artertal hemodynamics J cardiovasc Surg 3 (1962) 259

HewisTeN 8 Nytanper G and WuLrr ko A percutaneous straarteria
producing renal artery stenosts Acta chir scand 142 (1976) 375

Jensen R and OLIN T Balloon catheters in angiography An experimental mmves!
1n rabbits Acta radiol Diagnosis 12 (1972) 721

Jonsson K LUNDERQUIST A PerTERssoN H and StostepT B Subm
contrast medium as a complication of selective abdominal angiography Act
Duagnosts 18 (1977) 55

Kapir § Personal communicatian 1978

Lupsr A N, Maxwetl M H KaurManJ J and Wrric F W Experimental v
renal artery constriction in the dog Circulat Res 15 (1972) 567

Tawner L B MCLAUGHLIN A P and BookstenJ J  Renal artery diss
ton of catheter arterrography Radrology 117 (1975) 291

theter dilatation
978) 298
Hy adjustable

W Studics on expenimentsl
re by means

and SIEGENTHALER W
ton of &

1agnostic sigmfrcane
1 techmaue fot
igation

nimal smyection of
a radiol

mtateral

ection A complia



.

ROV THE DEPARTMENTS OF DIAG\NOSTIC RADIOLOGY (DIRECTOR PROF P IDHOLM)

ODLARNNGOLOGY (DIRECTOR PROF G ASCHAN) AND PATHOLOGY t (DIRFCTOR

POF O GRONTOFT) UNIVERSITY HOSPITAL REGIONSIUKHUSET S-581 85 LINKGPING
SWEDEN

ARTERIAL ANATOMY IN THE NORMAL LARYNX
AND IN LARYNGEAL CARCINOMA

Radiography of specimens

H SbkEr and J OrorssoN

The examination of laryngeal by lar p and rado-
phy—conventional film phy and lany b
‘Wﬂll;s:rovxde adequate 1nformation on the superficial extent of the tumour
a, :; & SokiER 1977 1979) Vocal cord fixation and radiographic evidence of
e b =Stl;ucncrn tndicate deep tumour imvasson but do not provide a sufficiently
e e “:li t;r deciding on the most switable form of treatment n particular on
T dmn ol patients for partial surgery with conservation of voice and airway
- he 1t was considered of interest to elucidate whether the application of
th purpl;i :Ould improve the radiologic evaluation of laryngeal carctnoma For
nd phe muhﬂgmgmphy of normal and some pathologic specimens was petformed
S are now reported

bmh:hlzrynx :;supphcd by the superior and nfenor laryngeal artenies which are
Kooy 1955 _;hSUpcnor and 1nfertor thyroid artenes respectively (RAUBER
‘hmhwd mcmbe Seperor laryngeal artery usually enters the larynx through the
et par of g ‘:ne but may enter through the thyroid foramen i the postertor
— © thyrord cartilage This was found to be the case 1n about 20 per cent
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of the patients comprising two Japanese series (ADACH 1928 Oxi 1958) and i 4
per cent of 1 French material (TerracoL & GUERRIER 1951) The cricothyrod
artery 1s another branch of the superior thyroid artery that runs antenorly and
caudally nlong the outside of the thyrotd cartilage to the cricothyrod membrane
where 1t Joins vessels from the opposite side It penetrates the cricothyroid membrane
to n1stomose with vessels within the larynx The nfertor laryngeal artery ac
companies the recurrent laryngeal nerve, to enter the lower postenor part of the
larynx

The intern1t vasculir anatomy was demonstrated by a dissection technique
supplemented by angiography by BRrorchatkRT (1904) and by TERRACOL &
GurrrIrk by angrography of specimens by Ont and SPCDEN et coll (197
PrarsoN (1975) used microdissection of 20 cleared cadaverc specimens 10 which the
vessels had been njected with 1 coloured collowdal susp n (Chromopague)

The superior laryngeal artery ramifies between the thyrod crtilage and the
mtrinsic 1 wryngenl muscles (TERRACOL & GUERRIER) After giving off an ascending
branch to the epiglottis and the valleculre the artery usully splits m 2 descendimy
branches one anterior and one posterior which could be connected by a third
branch 1arcade transverselle superficielle at the lower level of the thyroud cartilase
these three artenies form a tnangle TIRRACOL & GUERRIER assigned subjects 1mto
4 groups according to whether all sides of the tnangle were present of whether any
ol them wis missing The antemor descending branch anastomosed with the
cricothyrord artery through or lateral to the cricothyrord membrane Anastomoses
between the two hemilarynges also exsst via the dorsal branches 1n the posterico:d
region via the epiglottic branches and via the cricothyroid arteries 1n front of the
cricothyroid membrane

The anatomuc findings of PrArsoN are cc with the radiographic findings
recorded by Okl whose nomenclature s largely ndopted in the present repor! In
3 of the 20 specimens Prarson found that the superior laryngeal artery entered the
larynx through a thyroid foramen Instde the larynx it gne rise to 5 mam branches
An ascending branch passing across the upper end of the piriform sinus towards the
midpoint of the lateral edge of the epiglottis 1 ventral branch running along the
ventricle to 1n upturned termmation m front of the saccule a medial branch
penetrating wnto the false vocal cord a dorsal branch crossing the floor of the
piniform sinus to reach the postcricold region and 1 descending branch contmuifg
1nferiorly outside the thyroarytenoid muscle to divide mnto an nterior and a posterto?
dwision The nntertor division left the larynx through the cricothyroid triangle—

faryngea!
1 Normal spectmen Contrast medium and Mucrofil mjected into the left superior
:xl(g:ry Lateral aspect a) Cleared specimen b) Angiography ¢) Drawing AB = asccndms} hri’;’;’l
AR = anterior ramus CTA = antenior cricothyrotd arcade DB = dorsal branch 1 = inferior m(cnor
artery LD = fateral division  PESB = proximal branch to the pre epiglotuc space PR = POSM’H
ramus S = superior laryngeal artery TB =termunal bifurcation VB = ventral branch 3

(=) cncothyrod artery )
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bounded by the cricothyroid membrane the thyroid cartilage and the medial edge
of the d muscle—to with the cricothyroid artery and the
contralateral antertor division via vessels crossing the midline outstde the cricothyrowd
membrane The posterior division descended across the lateral surface of the fateral
cricoarytenoid muscle to anastomose with the lateral divsion of the inferior
laryngeal artery ascending near the lateral margin of the postenor cnicoarytenord
muscle A medul division of the inferjor laryngeal artery ascended along the
posterior surface of the posterior cricoarytenord muscle to reach the dorsal
branch of the supenor laryngeal artery behind the cncoaryienord joint

The microvasculanty of the larynx n carcimoma and 1n normal specimens has
been investizated by FREELAND (1975) Orszewskl (1976) and GLERRIIR & ANDREA
(1977) In common with PEARsON they found a similanity between the course of the
arteries and the usual routes of tumour spread The ossified parts of the cartilage were
penetrated by vessels from the perschondnum which might explain why the earhest
tumour 1nvasion occurs here (OLOFSSON & vAN NOSTRAND 1973)

Matenial and Methods

The material comprised normal and pathologic specimens

The normal matenal consisted of 21 autopsy specimens from adults without
:‘:1;: arway malignancy 14 from males and 7 from females ranging in age from 22
ot ng:::: mean 70 The larynx was carefully removed ncluding the hyod bone
o e carotid arteri¢s or the thyroid gland thus often not the cricothyrord
k;frl;eo;;::holugxc material comprised 4 laryngectomy specimens from men 66 to 74
o \nie Three of the patients had been op~rated upon following irradiation
rand s hada slupmg\omc tumour with extenston 10 the base of the tongue Cases
o the ot glottte carcinomas the former with sub- and supraglottic extension
o er with subglottic extension Case 4 had primary surgery for a glottic

oma with marked subglottic and slight supraglottic extenston

Angi
o ;‘;&'::P’U In 13 of the 21 autopsy specimens the contrast medium was mjected
oo thvmor laryngeal artery and 1n 7 1nto one inferror laryngeal artery In one
‘¢ injection was made nto the superior laryngeal arte:
.
lhi ":‘:Hm' artery on the other e o one side and
n
and (h::r‘“‘hﬂlogic Specimens the vessels were marked with ligatuses at the operation
The "k:lography was performed 1mmediately alter the larynx had been removed
Dog ::tﬁlafyngcal artery was cannulated with a Portex ntravenous cannula
75 mm) and perfused with 1sotomc salme The specimens were

Fig 25,
r e Specime;
A s ™ FIE 1 Antenor aspect ) Cleard specmen ) Angiography ©) Drawing,
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Fig 3 Normal specimens Contrast medium and Mrcrofil inpected wto the
supertor laryngeal artery a) Cleared specimen lateral aspect and ¢) angio-
graphy lateral view of a specimen with the terminal bifurcatton at a high level
) by Cleared specimen lateral aspect and d) angiography latera) view of a
specimen with the erminal bifurcation at a low level (—)
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mounted on a frame 1nd stretched by suntably placed sutures After mpectton of,
mturn 025 050 075, 15 mlof contrast medium alternate a p and fateral films
were exposed without moving the spectmen Prelmunary films were expased for
subtraction The contrast medium was Bilvistan (toglycamic acid) and FFD 80 em
Kod1k Min R screens and hodak Structurix C fiims were used The exposure dta
were 40 KV and 80 to 100 mAs

Preparation techmque Normal spectmens Angiography was followed by mjection
of yellow Microfil (Canton Bio Medical Products Boulder, Colorado) a silicore
rubber compound The specimens were then fixed in bulfered formalin decalcifted 1
formic acid 1nd dehydrated 1n alcohol They were then placed methyl salicylate to
clear them and render the cartilages and most of the solt tissues translucent
thereby facilitating observation of arterres beneath the cartilages, when the muscles
investing the Iarynx had been removed Photographs were taken from various angles

The evaluation was bised mainly on an analyss ol the angiograms The cleared
specimens were used to elueidate the angiographic findings and to exanune the
relationship between the vessels and the laryngeal structures

Pithologic specimens After the angiography was completed the 4 path
specimens were processed and whole organ serial sections were cut The angmgr:\v‘“c
appearances were cvaluated by comparison to the microscopic appearances

oloaic

Results

Normal specimens

Superior laryngeal artery (Figs 1-3) The entry of 35 sup
nto the larynx w1s demonstrated bilaterally in all 14 specimens in which
contrast medium wis myected into the supertor laryngeal artery and on the
ipsilateral side 10 the 7 specimens 1n which the mjection was made mnto the wfenot
artety One artery passed through the thyroid forimen whereas 34 passe
the posterior lower part of the thyrohyoid membrane

The course nd the branches of the supcrior laryngeal artery were myestigated o0
the side of the injection 1n 14 specimens Within the larynx the supcrior laryngeat
artery ran medially for 4 to 5 mm, 1nd then assumed 1 ventro caudal course alon~
the 1nner surface of the thyroid ala Iateral to the intrinsic lryngeal muscles this
course either was straight or had a shght medial convexity, with a vanable length of
up to 3 cm and ended 1 a termunal bifurcation

The ascending branch originated at the level of the upper border of the thyr
cartlage This branch ran medio cranially alony, the lateral border of the eplgk;(‘:‘
and gave off branches to the pre epiglottic space The first of these branche

n 10 of the 14 spccimens often origmating directly from the supeno?
the thyrod

ertor laryngeal artenss
the

d through

ord

demonstrated 1
faryngeal artery Wwas directed anteriorly along the upper border of

cartilage n a cramially convex curve (Fig 6)
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The dorsal branch originated 0 to 6 mm below the upper border of the thyroid
cartitage, and followed a dorso caudal course medtally m 13 of the 14 specimens
and shightly laterally 1n one (Figs I, 2) In all but one case this branch formed
charactenistic hair pin bends just distal to its origin, Iateral to the lateral cricoarytenord
muscle n the submucosa of the ventral part of the piiform sinus In an attempt
to account for the redundant length of this branch, another fresh specimen was
dissected after mjecting Microfid, the hair pin bends disappeared when the larynt
was stretched The dorsal branch contributed to a nich vascular netsvork in the post
cricoid regron, 1nd anistomosed with the medial diviston of the nferior larynreal
artery

The ventral branch originated 2 to 12 mm below the upper border of the thyrod
cartilage nd 1 all but one of the specimens, distal to the dorsal branch It tumed
ventro medio crudally and passed lateral to and along the false vocal cord and the
laryngel ventricle Anteriorly ths vessel passed beneath the mucosa of the laryngeal
ventricle and at a site corresponding to the saccufus it turned upwards This cune
was demonstrated 1n 7 of the 14 specimens In some of the specimens anastomoses
existed between the ventral branch and cranio caudally directed vessels 1n the viceity
of the anterior commussure

One or usually more branches ran to the false vocal cord corresponding to the
medial branch described by PeArsoN but their course was not constant

The superior laryngeal artery ended in 4 termunal bifurcation to form an antefior
and a postertor ramus (the 1ntertor and postersor divisions of the descending branch
n Pearson s nomenclature) The level of the termmal bifurcation varied constderably
ranging from 5 mm above the horizontal surface of the vocal cord to 7 mm betow
(Fig 3)

The antertor ramus followed 2 strught or meandering cours
and usually caudal direction depending on the level of the termnal bifurcation
Thus ramus ran lateral to the cricothyrord membrane, leaving the larynx 10 107
transverse vessels—the anterior cricothyroid arcade—just outside the cricothyrord
membrane thereby anastomosing with the contralateral anterior ramus and both
cricothyroid arteries The anterior cricothyrord arcade followed 1 winding course I
8 specimens and a straight course m 2 and was not observed 11 4 In 4 of the 1‘:
specimens mud sagittal and para sagittal vessels followed 2 straight cranio cauda
course on each side of the cricothyroid membrane

The posterror ramus followed a dorso caudal somewhat lateral
towards the posterior lower border of the thyroid cartilage to ansto
lateral diviston of the inferior laryngeal artery

e 1n a ventro medial

straight course
mose with the

Fig 4 Notmal specimen Contrast medum and Microfil ingected into the left inferiof l:‘ryoﬂg‘ffc'
artery a) Cleared specimen anteriorly from the left Air bubble captured n anterior pa ey
jaryn< Anterior commissure (o) Antertor cricothyroid arcade () b) Angography h"”‘“ "t
S Angiogtaphy a p view The lateral division (—) of the mfersor Jaryngeal artery ﬂﬂas"’"t“““km,
the posterior terminal ramus of the supertor laryngea artery The medial division (+->)of thes
laryngea} artery anastomoses with the dorsal branch (#>) of the supenor laryngeal artery



Fig 4 (For legend s oppasite pige )
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The dorsal branch onginated 0 to 6 mm below the upper border of the thyrod
cartifage and followed a dorso caudal course medmally in 13 of the 14 specimens
and slightly laterally 1n one (Figs 1, 2) In all but one case this branch formed
charactenstic hair pin bends just distal to 1ts onigin, fateral to the lateral cricoarytenaid
muscle 1n the submucosa of the ventrl part of the pinform sinus In an attempt
to account for the redundant length of this branch another fresh specimen was
dissected fter injecting Microfil the hur pin bends disappeared when the larynx
was stretched The dorsal branch contributed to a rich vascultr network 1 the post
cricoid regron, and anastomosed with the medial diviston of the inferior Taryngeal
artery
The ventral branch ongmated 2 to 12 mm below the upper border of the thyroid
cartilage and i all but one of the specimens distal to the dorsal branch It turned
ventro medio cudally and passed lateral to and along the false vocal cord and the
laryngeal ventricle Anteriorly this vessel passed buneath the mucosa of the laryngea}
ventricle and at 1 site corresponding to the sacculus 1t turned upwards Thus curve
w1s demonstrated in 7 of the 14 specimens In some of the specimens anastomoses
existed between the ventral branch and cranto caudally directed vessels 1t the vicinity
of the anterior commussure

One or usually, more branches ran to the false vocal cord corresponding to the
medial branch deseribed by PLARSON but their course was not constant

The superior Iaryngeal rtery ended 1n a terminal bifurcation to form an anlcnohr
and a posterior ramus (the ntenior and posterior divisions of the descending brancl
1n Pearson s nomenclature) The level of the terminal bifurcation varted considerably
ranging from 5 mm above the horizontal susface of the vocal cord to 7 mm below
(Fig 3)

The anterior rimus followed a strught or meandering course
and usually caudal direction, depending on the level of the ternunal bifurcation
This rimus ran Iteral to the <ricothyroid membrane leaving the larynx 10 JO';
transverse vessels—the anterior cnicothyroid arcade—just outside the cru:othymlh
membrane, thereby anastomosing with the contralateral anterior ramus and bot
cricothyroid artertes The antersor cricothyroid arcade followed & winding course 112
8 specimens and a straight course 1n 2 and was not observed 1 4 Indof thcda‘
spectmens mud sagittal and para sagttal vessels followed a strught cranio cat
course on each side of the cricothyroid membrine

The postertor ramus followed a dorso caudal somewhat lateral strajpht cour;c
towards the posterior lower border of the thyroid cartilage to anstomose with 1he
Jateral division of the inferior laryngeal artery

a ventro medial

laryngeat
specimen  Contrast medtum and Microftl inyected into the left ferior

P :)l%‘l‘::lcdpspmmcn anteriorly from the left Air bubble captured n antertor part I":]g‘:‘
ey o teror (o) Anterior arcade () b) Angiography lateral iey
larynx taphy ap view The lateral division (—) of the infenior Jaryngeal artery anaslomas:srmor
Q Angios p(é,rmmal ramus of the superior laryngeal artery The medial division (+-) of then!

:h:yl:\g:::]r:;{ery anastomoses with the dorsal branch (%) of the superior laryngeal artery
a;
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In one of the 14 specimens no true terminal bifurcation was found Instead the
antenor ramus was a direct continuation of the supenior laryngeal artery and from
the dorsal branch a slender posterior ramus was given ofl

On the (dms of 2 patents and . the cleared specimens of another 3 an
anzstomosing antero postenor branch—the transverse arcade—(l arcade transverselle
supecficielle TERRACOL & GUERRIER) was found at the level of the lower border
of the thyroid ala unsting the anterior and postenior rami

Infersor laryngeal artery (Fig 4) In most of the specimens the catheter was
serted mto one of the branches of the nferior thyroid artery rather than in the
wlerior laryn eal artery Because of a leakage of medium no detarled angiographic
examnation of the martn stem and 1ts branches could be made However the dorsal
branch and segments of the mam trunk of the ipsilateral supenor laryngeal artery
were filled and also the lateral one In most cases
there appeared to be anastomoses also to the postertor ramus

In the cleared specimens a number of slender vessels leading to the post-cricold
zon and ont_nating from the nfertor laryngeal artery was observed In 7
pecimens one somewhat larger vessel existed the medial divsion that ran
tramally to anastomose with the dorsal branch of the supertor laryngeal artery
Inj specimens another vessel the lateral division anastomosed with the posterior
Tamus of the supenor laryngeal artery

Laryngeal carcinoma specimens

“:Sn ::;;rl gl-‘:g 6) vessels 10 the pre-epiglottic space were occluded and 1vasion
Mrtone md at microscopy In case 2 the angrographic appearance was normal
madeg (EZ mﬂ:\]onslrat:d a superficial glottic and subglottic tumour which neither
it o lhr xlag: nor spread outstde the larynx In case 3 the ventral branch was
dudoned g et evel of the mid part of the vocal cord Mucroscopic exammation
ah o o l;llumcur 1nasion of this area and of the antenor part of the thyroid
comtspomin :ns the artenes along the d b were displaced
menbigne Ii c0 confirmed extra laryngeal spread of the tumour through this
St e g5 lh:? 4 {Fig 5) the arteries close to the terminal bifurcation on the
oveser el tmour were narrow This was ascnibed to tumour tissue which

not be confirmed at microscopy The ventral displacement of the

Vessels oy,
side h b
A the cr, was of tumour invaston and
'S %as confirmed a1 microscopy

Fg 5 g
throggn i hmuHubglomc carcinoma on the left side Primary surgery (Case 4) a) Coronal
vrm:im; of the vocal cords Haematoxyhn Eosin stam b) cmna? sc:lm.;n lhmut}c\‘ '&:
B3l artery Ty JUMOUT (=) Weigerts elastic stam ) Angiography Left supenior
An; eral view Narrowing of the arteries close to the terminal bifurcation (=) d)
anterioely (f_lf"o(!: laryngeal artery lateral view The antenior cricothyrond arcade 35
U through 1h ~¢ncoid cartitage E = epiglottis H = hyoid bone S = spread of
'@ cricothyroid membrane T = thyroid cartilage THY = thyrosd gland °
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Fig 6 Tumour of the epiglots with tnvaston of the pre epiglottic space Combined therapy
(Casc 1) ) Angiography I .ft supcrior faryngeal artery E’ner:ﬂ view Occlusion of vessels to the
Pre epiglotiic sprce (—) Normal appeatance of the provimal branch o the pre-spiotiic space (=)
The rich vascular network (#) on the faryngeal surface of the epiglotts correspanded to pseudo-
epitheliomatous hyperplasia (after trradiation) b) Sagttal section to the left of the midime Tumout
(~>) mvading the pre eprglotic spaceand the base of the tongue A = arytenoid carntage € = cricond
cartilage E =epiglotty M = hyoid bone T = thyroid carttlage

Discusston

The analvsis of the fims aganst the background of the observauons made ont
the cleared specimens mdicate that the arterial anatomy of the Jarynx 1s fatrly constant
and characteristic The laryngec(omy specimens of the patients with faryngeal
carcinoma duplayed vaseular abnormalies that corresponded to microscopic
evidence of deep invaston and spread outside the larynx through the cricothyrord
membrane, and mvaston of the pre epiglottic space These observations suggest that
angiography might be a clmically useful method for ascertaming the extent of

tumour spread

Normal anatorny The general arterial anatomy of the larynx as demonstrated 11
the specimens 1s consistent with the findings reported by TERRACOL & GUERRIER

\
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SPEEY et coll and PEARsON Thus applies to the entry of the supenor laryngeal
artery mto the larynx the various branches and anastomoses

The internal laryngeal arteries ramily medtal fo the thyroid cartilage and lateral
to the mtnnsic laryngeal muscles The companson by TerracoL & GUERRIER of the
wternal laryngeal vessels to a tuangle 1s 2 simphfied descrption which does not
take mto account the ventral or the dorsal branches In most of the present spect
mens only the anterior and posterior sides of this triangle were present corresponding
to the anterior and posterior ramu respectively Whereas the base of the triangle—~
the transierse arcade—was usually so small as to escape detection 3f not absent
alto ether The position of the vertex of the triangle corresponding to the terminal
bifurcation vared widely which sometimes made 1t difficult to distinguish the
aatenor ramus from the transverse arcade (Fig 3)

Because of the locatton of the major branches just medsal to the thysord cartilage
the tumour has at least to be approaching the cartilage before 1t causes vascular
ocelusion

A notable anatomic feature was the appearance of the arteries along the
¢icothyrord membrane & common pathway for tumour spread outside the larynx
(Ororsson & vay NostrAND)

Invasion of the pre-epiglotuc space may be difficult to detect by conventional
rrethods One possible indicator 1s of of the d
branch to the pre-epiglottic space In addition the branch extending along the
upper barder of the thyrond cartilage rmght well serve as an antero-lateral landmark

e dorsal ramus which 1s easily 1dentified by the hatr pin bends submucosally
10 the pinform sinys may aid in determuning tumour spread to this region

Pathologre specimens The vasculas abnormalities most ltkely to be encountered
N Carcinoma are changes m calibre displ: and 1y
Changes in calibre due to tumour encasement might be impossible to differ from those
Caused by mflammation or atheromatosis this last being the most likely cause in
¢ 4 (Fig 5) Vascular occlusion probably caused by the tumour rather than by
itefacts occutred 1n case 1 with 1nvasion of the pre-epiglottic space (Fig 6) and in
5 3 with mvaston of the thyroid cartilage Vascular displacement along the
“Meothyroid membrane present m cases 3 and 4 corresponded to confirmed tumour
spread through this membrane The fact that none of the laryngectomy specimens
4 Payed tamour neo-vascularity could have its expl 1 the ijection techi

O n 3 of the cases n the preoperative radiation therapy

Conclustons

(1) The arterial anatomy of the larynx 15 fairly constant and charactertstic

{3 The artenal branches are located just medial to the thyrowd cartilage and yust
Outside the cricothyroid membrane—areas of particular interest in the assessment
of tumour spread
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3) Arterinl abnormnlities, probably produced by the tumour, were found
liryngectomy Spectmens

@ In view of the proousing present results further examnation of the
dignostic value of angiography laryngeal earcinoma should be pursued 1n the
chinieal peactice
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SUMMARY

Far v correct selection of patients with Iryngeal carcinoma for surgery especially when

artial surgery 15 <ontemplated 1t 1s important to ascertain the extent of deep tumour
mvasion The uspal radiotogic methods and mierolaryngoscopy have shortconinas in this
fespect Angiography of normal specimens demonstrated that the artersal anatomy s faly
constant and charactenistic Specimens from carcinoma patients displayed vascular ab-
normalitics related to decp myaston as demonstrated at microscopic cxammation

ZUSAMMENFASSUNG

Zu ewner genauen Selektion von Pattenten mut einem Larynx Karzmom fur dic chirur
gische Behandiung besonders wenn e partielle Operation vorgeschen ist it es wesentlh
die Tielenausdehnung des Tumors fost llen Die gewohnlich logtschen und
mikrolaryngoskopmischen Methoden sind unzureichend m dicser Hinsicht Die Angrographic
von normalen Priparaten zeigle dass die artericlle Anatomte ziemlich konstantund
charaktenistisch st Praparite von Karzinompatienten zeisten vashulare Abnormalititen
die zur Ticfenausdehnung relatiert waren wie nukroskopische Untersuchungen nach
gewiesen haben

RESUME

Pour chosir corr les malades attemnts de du larync qui donent
ctre tratés par la chrrurgie prticulierement quand on se propose d¢ fare une cherurge
particlle 1} est important de déterminer lextension de | invasion tumorale en pmmndcu:\
Les méthod diol habutuelles et ja mucrol iryngoscopie ont des msuffisances

ont montré des anomahies vasculatres en rapport avec | mvaston en profondeur telle qu elle
est muse en évidence par | examen microscopique
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CALCIFIED PERIARTHRITIS AT MULTIPLE SITES
INCLUDING LUMBAR INTERVERTEBRAL DISCS

Report of a case

J Frus E M Jenseny and A K RARLE

Caleific deposits 1n mtervertebral discs form part of 2 rather distinct syndrome It
childhood (EYRING et coll 1964) The prevalence in adults ss about 6 per cent B
WATLRS et coll 1971) but solid calcification of several discs 1s uncommon especially
at younger ages

Extensive calcifications my be secondary to ochronosis hemach
drocalcinosis hyperprathyrotdism  poliomyelitis and acromegaly "
MEYERS 1978) SANDSTROM (1951) pointed out that merertebral dise cmlcx(\cauclns
in adults may also constitute a distnct disease entity The structure of anm]l us
fibrosis 1s similr to ordinary tendinous tissue elsewhere m the body wile nuc :us
pulposus consists of thin sparse connective tissue resembling the peritendinots :n
sue Because of these simularities SANDSTROA postulated A ¢lose relationship bel\\;s
calcific deposits 1n the mtervertebral dises and in tendons and at pcnarllcuhr s‘“s
most often 1n the soft tissue between the acromion and the head of the humer!
This hypothesis 1ppears to be supported by 1 case observed at this hospttal

romatosis ¢hon
(WEINBERGER &

Casc report d
as disc degeneration an

o dispasition to
When she

The patient 15 a Caucasian woman aged 32 years Her mother h
spondylosis a daughter has ostcochondritts of the left knec other\vnsc_‘n -
joint disease was found The patient has hid psorrasis since the age of 12 3¢

PN —
Submutted for publication 14 December 1978
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Fig 1 Calatfication atthe greater
tubercle on both sides

Fig 2 Calafications in the 4
Jower lumbar discs

*5" years ol |

b0tk shoufder

TSN the Jeft shy

d sove anhra

M?}'}‘:’;‘ammum the chinical stgns were sparse psoriass of skin and nails No pigmentation
S

he had a pamful left shoulder and at radiography soft tissue calcification
egions The symptoms subsided gradually but have recently re appeared
oulder then in the right shoulder at times combrned with low back pain
212 of the Qistal mterphalangeal jomts
10 and 1o enlargement of the liver Full range of motion mn the shoulder jomnts the
ar spine. Normal Schober s test and chest expansion Tenderness of
i Jf‘m(tnerlebra] discs and the distal interphalangeal Jomts but no jomnt swelling
'mdml? lgns were found n the shoulder region (Fig 1) proumal to the left greater
e go {F1g 3) and 1n the 4 lower intervertebral discs of the Jumbar spine (Fig 2) No
Al mnzm:‘ls at other sites and the sacrodiac joints were normal
hior semar Taboratory tests were normal mcluding ESR rheumatord factor antinuclear
Ih“ma"dm caleum serum phosphorus iron tron binding capacity liser function cre
Ctmong o um]: 3¢id No glucosuria or urinary excretion of homogentisic acid Parathyrord
“"ﬂv-\\\b\h\as slightly elevated at one occasion normal at re-exammnation The major histo-
Young La 'y antigens were HLA A2 3 BI7 27 Cwl {tissue typing performed at the Tissue
& Laboratory Rigshospitalet Copenhagen)

b jomts and th
e Jumb:
Yo, "
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Fig 3 Caleificatron 1n the trochanteric arca

Discusston

Psoriasis may be the explnation of the arthralg of the distal interphalanzeal
Jomnts No signs of spondylitis were found at climel examimnation nd tie crlafica
tions observed cannot be attributed to psoriasts or to any of the disorders 1n which
calcific deposits in the intervertebral discs are common The evaluation may be that
this 1s a case of calaified tendimitis including the lower Iumbar intervertebral dises
a disease sui generss as pointed out by SANDSTROM It ts charactertstic that exeept
for mild 1nconstant pam on motion m the affected jomts the pauents fect well be
tween attacks In the original series of SANDSTROM (1938) were 2 or more Joints “‘d
volved 1n 142 of 329 patients with caletfic deposits usutliy 2 shoulders or @ p an
a shoulder Only 5 patients had 3 or more jornts affected

WELFLING et coll (1966) stmilarly noted calcifications adjicent to the g
trochanter 1n 15 of 23 patients with caletfications 1n one or both shoulders I
same ye1r, PINALS & SHORT published 4 cases with caletfic perrrthnts at muluple
sites around peripheral joints Hydroxyapatite 1s the dommating minerat i alt evtra
articular caleifte depostts (GATTER & McCARTY 1967) Acute cxacerbatons o rela
tavely quiescent osteoarthrosis may have 1 similr ctiology (DiEPPL €t coll 1976) ‘

It seems reasonable that the syndrome might have 1 genctic background The
condition 1s described 1n monocytic twins (CANNON & SCHMID 1973) It 1s not clear
which importance should be attached to the tissue type of the patients The h:stoﬁm:s
paubility antigen HLA B27 1s associated maunly with seronegative spondylart r;[s
but also with the disease of Forestier or diffuse idiopathic sheletyl hyperosto

reater
n the
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characterised by diffuse calcifications and ossification along the fateral aspects of
the vertebral bodies and extraspinal radiographic abnormahites hyperostosis and
custosss at the sites of ligament attachments on the pelvic bones and calaific de
posits in higaments It has recently been proposed on this acwount (SHAPIRO et colt
1976) that the HLA B27 gene mught be closely related to a gene which nfluences
bone formation The present case does not support the often presented theory that

alafic tendimitis should follow degenerative alierations in the tendons (MACNAB
1973)

Addendum in proo!

The postalated assocration between the discase of Forestier and the histocompatibility
ahgen HLA BY7 has lately been questioned (SpaghoLa et coll 1978)

SUMMARY
dA @ with calafied perrarthnites at heral sites and f) 0 mtervertebral
n‘f“!"essuwan 10 the perception of a distinct discase entity as proposed by SANDSTROM

 pos ible significance of genetic factors 1s discussed

ZUSAMMENFASSUNG
mi;n‘ Fall mt emner katnfuzierten P n d Gebreten und
crkalkung der intervertebralen War stutze die \ lung etner besumm
Erkrankun,

'8 W€ 516 von SAnDsTROM angenommen witd Die mogliche Sigmftkanz

w
o1 genetischen Faktoren wird diskutiert

RESUME

Va
u),,,&jﬂ“"“‘“”“‘ une perarthnite calcifiée sur des artculations penipheniques et une
distncte u’;kd““’ des disques inter vertébraux vient etayer 1 hypothése d une maladic

quelle est proposée par SanpsTRoM Les auteurs examnent | |
Possible de facteurs genénhques 1mertane
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RADIOGRAPHIC APPEARANCES IN CROHN S DISEASE

Il The course as reflected at repeat radiography

J Hipert, € LinpsTROM and A WENCKERT

115 well known that 1n many patients the extent of Crohns disease ts under
whimated at radiography (ATWELL et coll 1965 WiLLIAMS 1972) and also that minor
lesions cannot be d by external and palp at
(S1\ER & Drury 1962 ATweLe et coll )
m:'esnalural history of the disease has attracted some mnterest in the cliucal Iitera
N a: [CHOFIELD 1965 WILLWERTH et coll 1971) and attempts have also been made
‘M\: yse the course of the disease as reflected at repeat radiography (BRAHME &

KERT 1970 JourDe et coll 1972 Bramve & Fork 1975)
“::twously (Part T Hibery et voll 1979) radiographic critena of Crohn s disease
g assessed by the P with the radiograp! 1
15 Tt was found that the macroscopic extent of the disease was often indicated
b superticnat mucosal lestons which could be observed on high quality films Based

o
, he same materra) an analysis of the course of the disease in nonoperated patients
3 been made

Matenal and Methods

M’g'le matenial for the analysis consisted of 381 examinations of the latge and 304
¢ small mtestine pesformed in 174 patients

an\:c course and extent of the disease was estimated by a correlation of the results
't repeat radiography with those of operation and microscopy Patients with

ks

1005 Jocated mainly n the distal sleum had a mean preoperatnve radiologic ob-
al

Subm tted for publication & June 1978
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Table 1
Extent of discase at the tune of operation
Group Small Dustal Cecum Right Left Rectum
bowel 1leum hemi hemt
colon colon
A —_————
B 51
C [ s
D e —— 5
E 13
F —_— e~ 1 —
G 1
H — 37 —"
1 -_ e —"
—_—
L —_—
M - ——
N —_—
7 156 94 “
ment of

servatton time of 11 years (ringe 0 1 to 7 years) and patients with mvolve
the colon a mean of 2 5 years (range 0 5 to 16 years)

Results

Extent of the disease The localization of the lesions 1t the me of operatton ap-
pear n Tible 1 and the different sites re mdtcated with capuial letters fromAtoN

The small intestine w1s extensively mvolved mn 7 pavents (A F G) 2 of these
having lesions 1lso mn the colon

The distal sleum was involved m 156 patients (A-I) The lesions were
extenstve discase of the small intestine in 7 patients (A F G) 34 they we
exclusively 1n the distal sleum (B) In 21 paticnts lesions occurred both 1 ¢
sleum and 1 the cecum (B C) and in 74 nlso in the colon (E HD

The cecum was the segment maunly involved 1 5 patients (D) with only munof
lestons 1n the distal tleum

The colon was volved 1n 94 prtients (E-N) etther as an rleocolic or @ pu

part of an
re focated
he dustal

re colic

disease dis
Tleocolic disease was found 1n 76 patients (E-I) Two main groups could be

shed (@) Involvement of the right hemicolon (14 patients E F) The dlstﬂi:;
borally to the middle or night third of the transverse colon (Fig 1) an
ement of the entire colon (62 patients G-1T)

fingus
extended
()] 1nvolv

I
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Fn, 1 Invohement of the
nght henm olon only Radio-
logic follow up of 12 years no
lestons 10 other parts of the
cofon

Colie di case occurred n 18 patients (k-N) The entire colon was involved 1 16
Fatients (L. M) In one patient 1solated 1nvolvement of the right (K) and 1n another
of the teft N) hericolon was recorded
“{The feetum was mvolved 1n 40 patients (G 1 M N) 1n 25 patients in addition to

oculic disease (G 1) and 1n 15 combined with colic disease M N)

ﬂf:‘;':t'rd;he disease Minor lesions 1n the small intestine were not demonstrated
ot mi‘ai y (;art ) It was not until after single or multiple strictures had devel
e ‘v: tologte diagnosts could be made (Fig 2) Therefore evaluation of
Tomog o € disease was not possible i the 7 paticnts with small intestine disease
o f}. 1:ms with mvolvement of the distal ileum (156 patients) the lesions were
Yo men:m examination (Part I) but the length of the most severely involved
tresne f(:,» was difficult to estimate The pathologic process was locally pro-
Tohed g1 mgc:‘sm:‘)nh\\as not observed 1n any of the pauents The length of the in
bas loung o of the distal \leum varied in the resect.d specimens No correlation
The copen een the length of this segment and the duration of the disease
et o Iomans involved in 5 patients The lesions appeared as a deformity of
e P A"g all't The differentiatton from mahgnancy was difficult 1n 2 patents
et of (hi ients were operated upon soon after the radiography and the devel
The coton wprocess could therefore not be assessed
s involved 11 94 patients The distribution and development of the
are slfustrated 1n Table 2 The devel di by Roman 1
X was correlated with the extent of the disease at the trme of operation

wdent that 1 man
y patients a borderling existed between severe and
S 3t the splemuc Hexure e

Yesions
Trom {
Ttige
lesign,

In

y
Patents with leocolic disease at the first exammation the right hemicolon was
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Table 1
Extent of disease at the time of aperanm
Group Smalt Distal Cecum Richt Left Rectum
bonet Veum hem: hemt
colon colon
A ———— .
B « 54
c .
D ———— 5.
1% ——
F ——— g ——
G ——
H — 37 —
1 ——— o u —
1N — ] —
L —_—— .
M —— 14
N —1
7 156 91 A

servation ttme of 11 years (range 0 1 to 7 years) and patients with i ohement of
the colon a mean of 7 5 Years (range 0 5 10 16 years)

Results

Extent of the discase The localization of the lesions at the ume of operation n;:—
pear i Table 1 and the drlferent sites are indicated with caprtal letters from A to N

The small mntestine was extensnvely invohved 1n 7 patients (A F G) 2 of these
having lestons also in the colon

The distal leum was myvohed 1n 156 pauents (A-Iy The Jesions were part of &%
extensive disease of the small intestine n 7 panents (A F G) i 54 they were bocated
exelusively in the distal deum (B) In 21 pauents lesions occurred both m the distal
tleum and n the cecum (B C) and 1n 74 -lso mthecolon(E H 1)

The cecum was the segment mamly mvolved 1n § patients (D) with only ramor
lestons 1n the distal ifeum

The colon was mmvohved n 93 patnts (E~Ny esther as an ifeacolte or a pure coln

ase

d:sltl:eocohc disease was found in 76 pauents (E-D) Two marn groups could be dis
unguished (a) Involvement of the nght hemicolon (14 patents E F) The dlscans;
extended aborally to the muddle or night thurd of the trinsverse colon (Fig 1) 2
(b) mvolvement of the entire colon (62 patents G-1)
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Table 2

Preaperatice distribution and course of cohe lestons in patients with teocolins and coliuss

Gioop Course Exient of discase at tunc of opcratian Medan  Median  Median

history drologic No of
Heocolic Colic No of (years)  foilow up radio~

aaann T "

! £) 1 1 5 30 10 20
i @51 O (-9
£) 14 1" 15 125 25
u 038  ©En (6
) -5 2 2 075 075 25
W 050 ©shH O
€)= ) 6 6 20 0 30
\ @1 %) (-9
£) = ) 13 4 30 20 30
i (05-10) (05-8) -5
@ iad @ 103 6 175 05 25
W 05 05 26
Ly ] ORI S - 30 20 30
iy 050 O @9
@ -5 1 2 3 30 30
X a4 d-H 09
£ ] 3 3 50 50 o
X - 5N @4
£} - £) [ 7 40 35 50
X @0 (16 @6
3] ERE 4 25 40
0 @ ©57 @54 (-5
i 1 &0 - 2
o3 o2 3 15 98
Bswertiotons (2] Minor lesions Tavolvement of nght hemicalon only
u
. SI05CORY of the presumed skipped ateas 1y revealed infl v.le
ons (Fie 5)

Disappearance and reappearance of mucosal lesions (10 pavents IV V) occurred
:T:“m“ repeatedly and in a short period of me Tn 6 of these patients the lestons
) superficial during the observation period (superfictal fluctuating colitis) byt

Patients they were deeper (Fig 6)

%o patients (X) sitially had a pancoliis but at the ume of operation mucosal
ml\uns were found only 1n the left Femicolon Both pauents had 3 tong hustory and
i Tscopy of the resected segments revealed abnormalities cong
cdled colits (HiLoete et colt  Part 1) in the night hemicolon

The rectum was nvolved m 40 pavents n 27 already at the first radiography

dered to represent
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Fig 3

Fig 2 Wide spread involsement of small intestme Muttiple structures in oral part of fleum

Fig 3 Severe stricture of the cecal pole

always mvolved and in the majonity of the patients 1t was the most severely affected
segment

The mvolsement of the colon alone appeared as a pancolitis 1n 13 patients as a
predominantly left sided colitts 4 or as a night sided colitis 1 one

In 63 of the 94 patients the radiopraphic appearance of the disease varied only
shightly In 29 of these patients the lesions were entirely or predomnantly located
1n the night hemicolon (I 1)

In 30 patients the lesions were umformly distributed in the entire colon (VII)
and 1n 4 patients the left hemicolon was the segment mamly involved (XI XII) In
the remaming 31 patients (28 with 1leocolic and 3 with cohe disease alone) the dis
tribution and seventy of the lesions changed i several ways

Progression of lesions n the left hencolon was observed 1 13 patients (VIII-X)
In 10 of these the progression in the left hemicolon was accompanied by a regression
in the nght (VIII X Fig 4)

Fluctuation and discontinuity (6 patients VI) The appearance was that of a
segmental colitis with different segments ivolved during the course of the disease
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Table 2

Preaperatue disteibutton and course of coke lesions in patients with ileocolitis and colins

Growp Co 132 Extent of disease at tme of operation Median  Median  Median
history No of

Tleocalic Colie Ne of (years) follow up radio-

cases (years})  graphy

annnn

“ - is 30 10 20
©5-12) (05-12) (1-6)
I 14 14 1 25

15 25
©s5-8 (©5-7 (4-6)

[

S333 3D3ID
1
NNNR NN NN N |

075 075 25
©5-1)  ©s5-1) @2-3)

= 6 6 20 09 30
05D 05D (-5
v = (S 4 30 20 30
05-10) (054-8) 295
175 05 23
- 059 053 @26
01001 9 30 30 20 30
- 05-20) (0512 -5
- $ 2 3 30 30 30
x e a4 (39
- 1 3 50 >0

50 (
-7 ©0sn 2-4)

- 6 1 7 40 3s 50

Xt 2-20) -16) 4-6)
3 3 4.5 «5 40

1t @s-7n 054 (-5
1 1 20 2 2

Ho37 s o3 15 94

T3 Senere Jesions CZ1 Minor tesions  # Tnvolvement of right hemicoton onfy

Mictoscopy of the
s10ns (Fig 5)

Dusappearance and reap,
som 1

presumed skipped areas y revealed 1nfi:

y.le

) pearance of mucosal lesions (10 patrents IV V) oceurred
e su"”n Tepeatedly and in a short pertod of me In 6 of these pattents the lesions
ma Perlicial dunng the observation period (superficiaf fluctuating coliisy but

Patients they were decper (Fiz 6)
atients (X) instial],
et found o
mncxw;opy of
b aled eotyys ¢

® rectum

‘mo‘;‘:: y had a pancoliis but at the time of operation mucosal

nly in the left hemicolon Both patients had a long hustory and
the resected sepments revealed abnormalities considered 1o represent
HiLDELe, et colf Part I) in the night hemrcolon

%as nvolved in 40 patients 1n 27 already at the first radiography
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Fie 4 a) Diseasc m entire colon b) 3 years ater Right sided lestons have lanily doappeared
only few punched out ulcers kit m transyverse colon (—>)

d
In the remuning 13 patients rectal lesions developed dunng the observation p'm;)en
Rectal involvement was recorded only 1n patients with more severe lestons 1 the
hemicolon

Duscusston

The present series 1s the only real retrospectine review of radiographic cumm;&
trons 1n patients with Crohn s disease dealing with a consecutive series of operatnely
managed patients ind covering 1 long period of time The only distdvantage l'romg
radiologic pomt of view is that the present tendency especrally during the past
years mpltes early surgieal mtervention thus preventing 1 long term follow up
which mmght h1ve been of terest However the results of the analysis differ m many

espects from those previously reported

" ]guc to the imitations of the ridiographic techniques used the extent of the dlsm;c
in the small intestine including the distal ileum could not be adequately assesscsc
Nor ws 1t possible to make 1n 1dequate evaluation of the course of the d;sz;"

From what could be observed 1n repeat films disease of the distal dleum w1s lo )1
and there was no linear extenston across the tleoceeal v ithve or i an orad

Jus 15 1 accordince with the findings of MARsHAR & Lxrwnvrn((sg"lg)

progrcssne

n Tl
dlfgc;?mw et call (1973) but contrary to the findings of other 1uthors
an
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Fig. 5 a) Predominantly night sided colitis
Slipped lesion 1n sigmoid ¢olon (=) b 2 years
laler Oral part of descanding colon has be

come molved small skipped area m trans.
verse colon

FILD TRUELOVE 1971 FAMRLANDER & SHALEV 1974 JULIEN & VIGNAL 1976 TRUE
10VE & PenA 1976)

At microscoptc examination the most advanced abnormalities were usually o
“atedn the aboral 20 to 30 cm of the ileum and the seventy of the lestons decreased
"M the oral direction In the most oral parts the disease 1n many patients mamfested
self only as an mflammatory reaction of the sub and phthoid
Weers These abnormalities were not demonstrated at radiography but were ob-
stnved at microscopy also 1n pateents with a long history the impression being thay
they were relatively recent This may 1mply that they were locally recurnng but 1t
12150 possible that they represented a true linear extenston of the disease Whatever
theory 15 correct disease of the distal tleum seems 1o be restrcted principally to a
Stwment of an mdividually varying but defined length 2nd linear extension 1 an

oral ditection 1f exystent appears to occur slowly

In 54 panents the lesions ceased abruptly at the ileocecal valve while 16 patients
Pad addutionay lestons 1

the cecum These two groups could not be separated at

fdiography as involyement of the distal tleum consstenly caused a deformation
o the tocum which could not be d from real 1nvol of the cecum
The Yestons of the cecum may represent 2 linear extension from the distal 1leum
However ag has been reported by WiLLwERTH et coll the clmycal features of patients
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Fig 4 2) Disease 1n entire colon b) 3 years ater Rught sided lesions have Jargcly disappeared

only fow punched out ulcers left in transverse colon (=)

bsersation period

In the remunimg 13 patients rectal lestons developed during the o
Jesions n the left

Rectal nvolvement was recorded only 1n patients with more severe
hemicolon

Discussion

The present screes 1s the only real retrospective review of radjographtc ¢xamina
trons 1n patients with Crohn s disease dealing with 1 consceutive series of operatively
managed patients and covering a long pertod of ttme The only disadvantage froma
radiologtc point of view 1s that the present tendency especially durmg the past 5
years mplies early surgical intervention thus prevenung 4 Jong term foltow up
which might have been of mterest However the results of the analysis differ in many
respects from those previously reported

Due to the hmitations of the radiographic techmques used the extent of the dise
1t the smill mtestme mcluding the distal sleum could not be adeguately assessed
Nor was 1t possible to make an adequute evaluation of the course of the diseas
nat could be observed m repeat films disease of the dstal ileum was tocally
there was no hinear extension icross the 1leocecl valve or m an oral
s 1n accordance with the findings of MARSHAR & LINDNIR (1970)
1l (1973) but contrary to the findings of other authors (Sctio-

ast

From wh
progressive and
direction This 1
and NELSON et €O
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Fig 5 a) Predormoantly nght sided colitis
Skipped Iesion 1n sigmoid colon (=) b) 2 years
Lter Oral part of descending colon has be

come mvolved small skipped area 1 trans
verse colon

FELD TRUELOVE 197] FAHRLANDER & SHALEV 1974 JuLiew & VIGNaL 1976 TruE
LOVE & PNA 1976)
At

P the most ad d abnormalities were usually lo
cated 1n the aboral 20 to 30 cm of the leum and the seventy of the lestons decreased
10 the oral direction In the most oral parts the disease 1n many patients manifested
el only as an inflammatory reaction of the and d

ulcers These ab were not d at rad hy but were ob-
senved at microscopy also 1n patents with a long history the ympression being that
they were relatevely recent Ths may imply that they were locally recurring but it
152%0 possible that they represented a true hinear extension of the disease Whatever
theory 15 correct disease of the distal 1leum seems to be restricted princrpally to a

st ment of an mdvidually varying but defined length and linear extension in an
onal direction 1f existent appears to occur sfowly

N Idn 54 patients the lesions ceased abruptly at the ileocecal valve while 16 patients
2d addttional lesions i the cecum These two groups could not be separated at

':Id‘ozmphy as 1nvolvement of the distal 1leumn consistenly caused a deformation
the cecum which could not be d L

™ d from real 1 t of the cecum
W ¢ lesions of the cecum may represent a linear extension from the distal ilewm

0!
Wever as has been reported by WILLWERTH et coll  the chimcal features of pattents
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Fig 6 a) Involvement of entire colon b) 3
years later Ulcers have disappeared No

} d of y le
sion ¢) After onc more year Progression of
lesions Scattered superficial ulcers and smalt

o 3
P, s
ngg;rlllar defects 1n transverse and descending \ o ‘J‘ 'yﬁ’fl ‘j
c

c

with 1leal disease were similar to those of patients with ilcocecal disease Most h':el)l’
the tnvolvement of the distal tleum and the cecum occurs simultancously and 'hf“

d tleocecal disease should be regarded as vamants of the same type of Crohns
an

disease
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The varymg and fluctuating nature of Crohn s disease 1n the colon has been con
adered by several authors (JONES et coll 1969 MARSHAN & Linoner FrOWM et colt
1970 Branme & FORK JULIEN & VIGNAL, SIMPRINS 1976) but nio attempts at closer
analysis have been made and chinicians do not seem to be fully aware of this pheno-
menon

In previous reports consideration has probably been taken only of the extent of
the disease at the ime of operation This may explam some of the differences between
the present results and others

Tt was found that isolated left sided colitis 1f exstent 1s extremnely rare Even f
the lessans at the time of operation were more advanced in the left hemicolon lesions
always exsted also 1n the right bemicolon In most patients a lelt sided Yocahzation
s the result of a progression of the lesions in the left hemicolon and 2 regression
1 the nght In previous reports left sided colitrs consututed about 15 per cent of
cohe Crohns disease (RITCHIE & LOCKHART MUWMERY 1973 STEIBERG et coll
1974 Garewstens et coll 1975 Bncetuown & Peerers 1976) This figure probably
wcludes cases of pancolitis examned at o fime when the nght sided lestons had

faded and no longer were d le by the € used Thrs
apparent healing of the nght hemicalon may also explain why i many senes there
5avann, number of patients with sleocolis without 1avol of the dmg

calon In the present senes the night hermcolon was invanably involved tn patients
with sleocolitis This concluston based on the results of consecutive radiographic
“uaminations, was confitmed by mrcroscopy made posstble by the operative pro-
<edures employed In thes respect the fesults agree with those of Encethom &
PeeTees and Netson et coll

Temporary regression ot even disappearance of mucosal lesions have previously
been reported from this hospital and by others (JONES et coll MARSHAK & Linp~er
BRNME & Fork Juuten & VIGNAL SiMPkINS) This possibility should be borme in

mund whenever surgrcal intervention 1s ) A single app ly normal
“ammatron of the colon 18 no guarantee for a non diseased colon
Tsolated t of y colonic have been d bed by

Many avthors (ScHoriELD FANRLANDER & BALRLOCHER 1971 Froww et coll
’E):\GELNOLM & Preters JULiEN & ViGNAL) Such segmental wmvolvement could not
]Dc:,!;;lons(rated m the present series  Segmental cohitis Wwas always the result of
; uctuations of the lesions and y revealed infl.
esions also in areas that were apparently non mvolved at the time of operation
The role of the 1 phatic system 1n the path of Crobn s disease has bee:

comsidered by several authors (WARREN & SOMMERS 1954 AwvaN & Bockys 196(n
;\Aum 1970 Morson 1972 AroNsoN et coll 1975) and it 1s generally agreed that
Ymphatic obstruction constitutes an essential part of the spectrum of C; y
disease Some authors hive suggested a correlation between rohn s
€3se and the distrib of lymph

) 8reat vartanions 1n the anatomy of the vmnphatie

44

the extent of the dis
and lyrph nodes (KAt Ay The
System (SLANETZ & HERTER 1972)
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%

<
L
P
Tg 6 7 Involvement of entire colon b) 3
years later Ulcers have disappeared No
rdiographic indicavon of inflammatory le -
sion ¢) After onc morc ycar Progresston of (24 1
o

festons  Scattered superficial ulcers and small
nodular defects 1n transverse and descending

colon

F "o v

AL

with sleal disease Were similar to those of paticnts with ilcoceel discase Most Iikely
the distal ileum and the cecum occurs simultaneously and real

the involvement of
hould be regarded as vanants of the same type of Crohns

and ilcocecl discase
disease
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ind the possibihty of Iymphatic blochage and retrograde flow of lymph (Burn 1968)
my expl un many of the presumed peculracities that exst in the course and distribu
tion of the lesions

In the dist1l tleum the discase was radiographteally confined o 1 segment the length
of which secemed to be determimed at the first radiography Ileal and ileocecal disease
mnay be the same type of Crohn s disease being representatives of differences in the
regional lymphatic drainnge  Discases of the cecum, previously discussed by Scio-
rirtp may be expluned in the sime way

In many patients the extent of the colonic fesions was lmited by the borderline
between the superior ind ferior mesentenic arer of lymphatic dramage Exclusive
or predominantly night or left sided colitis may be explamed by absence of or sparse
commumeition between these systems

The obsery 1tron that the rectum 1s sometrmes spared even in severe disetse of the
siymoid colon may be cxpluncd by the well known alternative lymphatic dramage of
the rectum through several seprte systems

The tbundance of 1nistomoses in the lymphatic system of the colon may cxplain
why tt most instinces of colic Crohn s disease the entire colon 1s myolved It may
also explain why no isolated involvement of itermeditry segments occurs

It 1s beyond the scope of this report to discuss whether Crohn s discase has its
ongn m the wall of the intestine the lymphatic vessels or the mesenteric lymph
nodes but the results presented should be of sigmificance 1 discussions concerning
different methods of surgie1! manigement

SUMMARY

The course and distribution of the lestons 1n 174 patients with Crohn s discase were
cvaluated from preoper itive films In the small intestine the course was locally pmgrcsswcr
Colonie disease involved etther the right henticolon or the entire colon Fluctuaions od
mucos l lesions were common and could explam the ridiographic finding of segmental an
left sided cohitis Variations m the anatomy of the lymphatic system could cxplam the vaey
1ng distrtbutton of the lestons

ZUSAMMENFASSUNG

Der Verlauf und die Verteilung von Darmver inderungen ber 174 Patienten miat sfoll;:‘?
Erkrankung wurden an prioperattven Filmen untersucht Im Dunndarm war der Ver e
Jokal progresstv Bei der Erkrankung des kolons war cntweder das rechte ncm:kol‘or:“l W
das gesamte kolon befatlen Fiuk der Muco Jerung waren gewohn ,‘cdm“
konnten den rontgenol hen Befund einer len und hinksseitigen holitis c‘rj e
Anderungen 10 der Anatomic des lymphatischen Systems konnen die verin L

Verterlung der Lastonen erklaren

RESUME

1on et fa distribution des Iésions chez 174 malades atteints de maladie d¢ Crohn

L bvoloy dices & partir de films pré opératoires Sur | mntestin gréle 1 évolutron cst locale

ont été étu
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4 ducol

ment progressne L nte colique touchait soit 1a most; sottlecolonentier

des lesions. ont été et pourraient expliguer les signes
ndiographiques de colite segmentatre et gauche Les varations dans 1 anatomie du systéme
Ivmphanque pourratent expliquer la distribution variable des 1ésions
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EXCRETION OF SODIUM IOTHALAMATE
AT COMPRESSION UROGRAPHY AFTER FUROSEMIDE
DEHYDRATION IN THE RABBIT

T Owwvan

The standard procedure for urography with Jow doses (2040 m! of contrast
medum containing 300-350 mg I/ml) has up to now usually mnvolved fluid restric
bon and overnight fasting (KEATES 1953) After the introduction of large dose
“';Ziml)hy and infusion urography (SCRENKER 1964 DURE SMITH 1966 HARTLEY
opmmc'«:“ml. €t coll 1967 DovLe et coll 1967 SHERWOOD et coll 1968 a) the
mwdzs ave differed as to the need of flmd deprivation SHERWOOD et coll (1968 b)
et r!?1 that short term fluid deprivation was of value even 1n large dose uro-
ordery[“ e GLANVILLE & HERLINGER (1966) were of the opposite opinion In
gt 0 establish the possible value of furosemude for dehydration before uro-

Y expenments in the rabbit were performed

Material and Methods

msl::‘:: Swedish landrace rabbts weighing 20 to 30 kg were used No over
(Las "Ing of fluid restriction were mstituted 1n the animals recerving furoseride
haﬂmomoeChsl Germany) The anmmals were anaesthetized 1ntravenously by pento-
men mosodmm (Mebumalnatrium ACO Sweden) with supplementary small doses
Tinbag uehout the expeniment when needed Each ureter was cathetenized with

Y feeding tube (3 S F 1 5 mm Argyle England) by a retropentoneal approach

5
ubmitted for publication 21 Apnt 1978
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Fig 1 Esumated attenuaton of renat pelvis after an mtravenous dose of sodium sothalamate 160
mg Ijkg bw Durng ureteral stasis (oeclusion) the highest attenuntion was reached after pre treat
ment with 0 5 mg furosemide No difference between antmals pre treated with 0 25 or 1 0 mg furose
mide or non dehydrated animals O25my war=05mg mMm | mg furosende —— non
dehydrated

and the catheter tip was pliced in the rena pelvis The jugulir vein nd the carotid
artery wera cathieterized for myection of contrast medwum artenal blood sampling
and blood pressure measurements In 12 rabbits furosemude was given intravenously
1n doses from 025 to 10 mg 40 mun before the mtravenous 1njection of 1 31 labelled
sodwim 1othalamate (Conray 400) 1 doses of 160 to 320 mg, I/kg body weight Fout

rabbits subjected to usual over night fasting (referred to as non dchydrated m the

text) were used as controls and not given furosemide belore the contrast medium
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ﬂe%)émnelc;"m urme 1odine concentration and estimated attenuation of the renal pelvis m non
thalemge TS 2nd animals pre treated with 0°S mg furosemide 160 mg Ykg bw of sodum
Temde e ) Somewhat greater diuresis (larger urinary volume) after pre treatment with furo
Concentpon It non dehydrated ammals before cathetcr clamping b) Somewhat higher 1odine

Pt occul“ during ureteral occlusion was reached after pre treatment with furosemide ¢) Durning
ached lusion considerably higher refative values for estimated attenuation of renal pelvis were

n an,
Py ‘!nn;::ii x:}r‘cy ‘;r;a‘;;d with furosemide than in non-dehydrated animals wa wm 0 5 mg furo-

Blood
© and urine samples were collected according to a schedule reported previously

“o‘:l‘:x‘:;r‘):‘:‘) and corresponding to the time schedule applied 1n routine compres
samples m: y "lc after the contrast medium injection the taking of two urme
i fo]lomedc: ected over a 3 mun period The ureters were then occluded for 12
Yenods. Th y one min of drainage and therealter unne was sampled during 6-min
“‘holumg:d“rme speumens)wcre collected 1 tuberculine or similar syringes and
smple o irectly The of 10dine was d

ng & santiflation detector (Selektromk Denmark)

d 1n each
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24 Duress yome (odme and estimated of the renal pelvis m non
hydrated amimaly and amumate pre treated with 05 mg furosemide 3%0 mg I'kg bw of sodum
®halamate a) Greater diurests (larger unnary volume) after pre treatment with furosemude than
:]ﬂnon dehydrated animals before catheter clamping b) Somewhat higher 1odeone concentration
S8 ureteral occlusion after pre treatment with furosemide ¢) During catheter clamping consider
By hter relative valyos. fo estimated attenuation of renal pelvis 1 animals pre treated with
TOsemide than 1, Ron-dehydrated arumals The difference 1n attenuation was somewhat greater

a0 thatfor (he doge level 160 mg 1/ke b w of sodwm rothalamate (Fig 3c) mmmm 0 5 mg furosermde
- nondehydrateq

Results

After the tatravenous mjection of furosemide a rapid increase in dintesis was
ROUd Within the firsy minute The high urinary flow was marntained for 20 to 30
™ followed by 3 stow and gradual fall in dwresis The unnary volume excreted
,:”“a 2 40-min period ranged from 135 t0 17 5 m! at 025 mg furosemide

S1047531 05 mg furosermde and from 437 to 605 at 10 mg furosel
The unnary flow rate after furosemide depended to some extent also on the
“nn2ry flow rate Alter 60 to 80 mrn the diurests fell to base line values Hae!

from
mide

basic
‘mato-
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f:hs Blood 1odine concentration after bolus inyection of contrast medmm  After pre treatment
‘u furosernide higher concentration than 1n non-dehydrated ammals and the blood 10dine levels
:: :g:nlar at both dose levels In non-dehydrated amimals blood 1odine concentration was higher
iy

jects . 1 lkg bw of sod th
Qses bIOOdJ 105?::{ 3.0 mg I/kg bw than after 160 mg kg ol bum 1othalamate In al]

pss d the peniod and the mitial fall 1n
Zxration was steeper in pre treated animals e me 160 mg I/kg bw and 05 meg furosemide
mgIkgbw and 0 5 mg furosemde 160 mg Ikgbw ——320mg Ikg b w

Pedim (vax Waes 1972 Harot 1973) If furosemude 15 admumistered before the
ontrast medium p the present expeniments 40 min earlier the osmotic druresis dye
1o the contrast medium will be matnly unchanged at a dose of 160 mg Ijkg body
*eight and only muldly increased at a dose of 320 mg I/kg body weight The 10dime
oncentration 1n the unne was 1n all cases higher after furosermde The estimated
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ent values were 3 to 7 per cent higher pproxuimately one hour after the furoserude
snduced diurests had begun than before, tndicating a decrease 1n plasma volume

The attenuation capacity of the hidnev pelvss 15 2 function of the product of 1odine
concentration t the urtne and the thickness of the layer of contrast contasning unne
The thickness of the renal pelvis versus the collected unne volume was previously
evalutted (OWMAN) nd 1t was thus possible 1o calculate the esttmated attenuation
capacity of the pelvis  The results of the two different dose levels 160 and 320 mg
Ifkg body weight, are guven in Figs 1 to 4 The renal pelvic attenuation reached a
maximum during the period of ureteril stasis (6-12 min after the injection of contrast
medum) Aflter release of the ureteral ocelusion the attenuation decreased to less
than hall value and then mereased gradunlly and very slowly throughout the obsena
tion period Urinary flow rate had its maximum durmng the intial 3 min collecting
peniod and dimunished geadually after the ureteral occlusion penod

The todine concentration in the blood was m all cases dependent on the dose of
contrast medium as demonstrated previously (Owaan) and always higher after pre
trertment with 0 § mg of furosemide nd 1n non dehydrated ammals

The greatest difference 1n esttmated renal pelvic attenuation between dehydrated
nd non dehydrated 1mimnls occurred after furosemide hvdration at the 05 mg
level 1nd the difference was most marked t a dose of 320 mg I/kg body weight

Discussion

Opimons as to the value of pre urographic dehydration vary Some authors find
an over might fluid restriction of tmportance (KEATrs BENNESS 1967 SHERWOOD ¢t
coll 1968 b MCCLENNAN & Brcher 1971) while others regard this as of small or
no value (SCHENCRER Fry et coll 1967 Dacic & Fry 197)) GLANVILLE & HER
LINGTR cven found urography superior tn the non dehvdrated patient  SHERWOOD
et coll (19684a) analysing the unne osmolility immedutely before urography
patients with impaired renal function found the standard over night fasting regime
of no cffect i ensuring maximum or even approxtmately simifar states of dehydra
tion 1n patients with adequate renal function This agrees well with the findings of
Mices et coll (1954) that a maximum urmary osmolaltty 1s often not even approached
by 14 to 18 hours of fluid restriction They 1so suggested that at least 22 hours
dehydration was required for hieving near mavimum urnary osmolalty In "‘:
present experience from experimental urogriply in the rabbit over night fasting W+

little importance
Of()nly a fiw experiments using diuretics for dehydration are on record CAITTE::
et coll used bendroflumetazid (s mg) in a few cases and found the effect similac

1d deprivation for 14 hours
ml;:u(::)il:n?de :as for some years been used to stimulate diurests in wash out 1ur:C
graphy and for the diagnosts of mtermittent obstruction usually at the pflwcl:nct:ns!
junction In this technique furosemide 1s injected about 10 mm after the
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SUMMARY

Pre treatment with an optimum dose of diuretic administered 1n appropriate time rela
tion to the injection of contrast medium c¢an improve urographic quality by ncreasing
urinary 10dine concentration as well as dirests The doses of contrast medium can probably
be reduced

ZUSAMMENFASSUNG
Vorkehandlung mtt emner Dosis eines. D In eer ange
messenen Zeit Relation zur Inyektion eines k Is kann die Qualitat

durch Anstieg der Urin Jod Konzentration sowie der Diurese verbessern Die kontrast
mitteldosis hann wahrscheinlich vermindert werden

RESUME

Un traitement préparatorre par une dose optimale de dwretique admunistre en temps
]com:nahlc par rapport a | injection de moyen de contraste peut amehorer la qualite de
urographie en augmentant la concentration urinare en 1ode en meme temps que la diurése
Les doses de moyen de contraste peuvent probablement etre réduites
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attenuation of the renal pelvis (compared to that of non dehydrated ammals) 10
creased 1t both dose levels very much so at a dose of 320 mg I/kg body werght

Furosemide has mainly an effect on the proximal tubules and the foop of Henle
by whubiting the re absorption of sodium and water giving a high sodum excre
tion and diuresis (BERNONSKY et coll 1966 Rapo et coll 1969 Gorn 1972) Furo
semrde 15 also known to shghtly merease the renal blood flow even in small doses
(Luocas et coll 1968 Lupens & WILLIAMSON 1970) and to mncrease the glomerular
filtration rate (BCRAER et coll 1966, SzrnpE et coll 1972) 1t also has a complex
influence on the orgamism with 4 stimulating effect on the remn-angiotensin system
and 1 secondary aldosterone sceretion (ESPINCR et coll 1969 Imbs et coll 1969
WERNZE 1970 DEILMANN et coll 1971) At present 1t 15 not known how these factors
influence the urographic sequence The mechamism behind the effect noted in the
present experiments 1ppetrs to be due mainly to decreased volume of distribution
of the contrast medium giving 2 higher blood rodine concentration and a remaining
tubular effect by furosenude at the time of urography, which produces a higher
contrast contarnng urine volume (Fig 5 05 mg furosemide and non dehydrated
160 and 320 mg I/hg bw ) The increase 1n hacmatocnit values alter furosenude de
hydration indteates 2 decrease 1n plisma volume as also reported by others (RosE
THAL et coll 1968) The extracellular space will also probably dimimish somewhat
after the heavy diuresis The 2mount of contrast medrum excreted 1s determmed by
the filtered load 1¢ the product of plisma rodine concentratton and glomerutar
filtration rate (CATTFLL ¢t coll ) At the time of urography (40 mun after yection of
furosemide) some tubular effect remained since diurests usually reached base lne
values after 60 to 80 min After the higher doses of furosemide thus effect caused 2
somewhat igher diuresis and larger volume of contrast contaiming urtne The smaller
dose of furosemtde (0 25 mg) will probably have an effect similar to that of over
might flud restriction and a notable difference between the two situations cannot be
expected The largest dose of {urosemide (1 0 mg) 15 bound to huve a more evident
residual effect on the tubules giving 1 too high duresis where the mcrease 1n urtnary
volume will counteract the increase in amount of rodine excreted resulting in a fower
attenuation than after the medium dose (0 5 mg) of furosemide

Although some haemoconcentration was demonstrated n the present mvestigd
trion fter furosemide induced diuresis some decrease 1n haematocrst values can be
expected following the injection of contrist medium especially so at high dosse
levels, due to the osmotic effect of the medium on the red blood cells (BIORR 196
ASPELIN 1978) At the furosemide dose levels used mn the present expenments the
possibility of haemoconcentration mn generally healthy patients should be nil ThU:
furosemide pre treatment might offer 1dvantages over usual dehydration procedure:
in chmical practice either resulting in better attenuation due to mereased unn::lrly
todine concentratton, or in reduction of the dose of contrist medium of l;onn
However further mvestigations 1 a clinical materil will be needed to establis!
optimunm dose of furosemide on a per kg body weight basis
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Inspection of toentgen films 1s a poor method for estimating the bone mineral
content a5 a 30 to 40 per cent change T the 1d of d b How
:‘!}: bone mineral content 1s readily assessable using a vanety of other methods  all

hvanous kmitations Bone bropsy 1s a surgrcal procedure which permuts the deter
:’1;‘::':1 of the mmeral content as well as the microscopic structure of the bone
o m ouever the method yields information from only a small region of the bone

05t important 1t cannot be repeated for the measurement of the mineral con
lent ;:I: ?05! commonly used non tnvasive methods for measuning the mineral con
Cmmou :‘phomn attenuation measurement with y rays as ongmally described by
{img an; ) SORENSEN (1967) with later modifications photodensitometry of roentgen
techm, or the estirmation of the total bone mineral mass the neutron activation
tes ::: While the photon attenuation techmique s accurate and reproducible 1t
ot feveal the spatsal distribution of muneral within the object The photoden
mlmry method will provide some information on the mineral distribution since
o ¢ of the bone 1s used but has a poor accuracy for m vivo Measurements as
‘foduc::; surrounded by soft tissues Computer tomography has recently been in
{17 or bone mneral measuremnent by a number of authors ROEGSEGGER et colt
oy szsgrslcd the use of y with the rad
ARSSON et coll (1978) discussed the potential use of dual ene:

from a 11
TEY scanning
Submitted for publication 23 March 1979
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r40 40 40 40 mm

Fig 2. Phantom designed to represent objects of simlar sizes and knear attenuation coefficients as.

those assume
“lutons of KCI of various and known

d 10 eust m the provmal region of the tibia 1n adults The phantom was filled with

Deasurements As a polychromatic beamn passes through matter preferentrally low
taergy photons are absorbed the beam hardens and the attenuation coefficient de
eases with increased depth in the obgect Furthermore the relationship of the attenua
von coelficients for bone and soft tissues varies with photon energy If no corrections
& employed  this effect leads to artefacts in the back projection varymng with the size
2nd composition of the object (Brooks & D1 CHIro 1976) These effects are 1n part
Baided 1n the scanner used 1n the present series through the waterbox and in part
®mpensated for by software correcttons (HouxseieLn 1977) It has been shown by
RUTHERFORD et coll {1976) with a scanner of the same make and type as m the
present series that the CT numbers are related 1n a linear way to the Iinear attenua
ton coefficients despite the polyenergetic character of the beam The phantom 1n

12 2 was designed to represent objects of similar size and linear attenuation coeff;
“ients as those found 1n the proximal region of the tibwa 1n adult patients In scans of
this phantom the same linear relation between the calculated linear attenuation coef
fictent and the CT numbers was found as reported by RUTHERFORD et coll No sig
wiicant difference was found between the various compartments 1n the phantom
When the boundanes of the KC! solution were outlined and the mean HU was cal
culated i the same way as for the bone 1 the measurements made on patients the
Tehationstup of (he average CT number to the KCl-concentrations up to 400 HU had
acorrelation coefficient of 0999

Patien sop up The of the two of this method—the chinical
2mosis of bone disease and the evaluation of th
The Tehability of the dagnostic method depends strongly on how g

are different
ccurately the
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Fig 1 Modification of EMI
scanner MKI for exammation
of proumal ibia Onginal water
box substituted by a styrene
copolymere block with a water
filted cuff

HAm while ISHERWOOD

using projection dta obtaned by radition from ! i and
et coll (1976) Rexc et coll (1976), GENANT & Bovp (1977) POSNIR & GRIFFITHS
(1977) and PuLLAN & RonerTs (1978) all advocated the use of commercrally avaable
head or body seanners employing roentgen radiation These reports drscuss the potent
1al use of the method but do not include clrmical applications

The present report concerns the application of CT mn the measu
tnibution of bone of varying mineral content within 1 standardize
the proximal tibia metaphysis and the possible use of this method in
diagnosts and treatment of bone diseases

rement of the dis
d cross secvon of
the chacal

Method

oss sectional scanning

An EMI scanner Mk1 was modified 1n order to provide cr hed
olved

facilitses of the proximal tibia (WickmaN et coll 1977) The modification 1My
substituting the origmal watcrbox by a styrene copolymere block with a water fiited
cuff nto which 1 longrtudinaily movable support and fixture for t
fitted (Fi, 1) With the pauent s leg in the scanner aperture the p
scanned at 120 kV producing 4 shce of 13 mm nominal thickness
for scanner varations mainly involving the roentgen tube potential
of tucite 2 cm thick fixed to the leg support s included in the scan
[n the back projected CT number matnx the periphery of the tibia 15 outlned
using a compuyter programme A cut off level of 80 Hounsfield umts (HU) was chosen
for the diferentiation of bone from the surrounding soft tissues The average BMC
sathin the outhned bone was defined as the sum of HU divided by the number of
Jthin the outlmed bone
z¢ and chemical composition dependency A fundamental dificuty 9th
d 15 the use of 2 polychromatic photon beam for the transmisston

fie leg had been
roximal tibia 1
As a reference
a curved sheet

pixels w
Test for st
the present metho
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13mm

Fig 4 Anatomic orientation of the section used tn the expent
ments

Discussion

In the present investigation a single roentgen beam quality was used The dual
%am quality method as proposed by RUTHERFORD ¢t coll GENANT & Boyp and
BROOKS & D1 Ciimo allows the determination of the absolute bone minesal content
¢vén when unknown amounts of fat are present 1n the bone tissue However the dual
beam quality method does not have as good measurement precision as the single
quality method and for serial determations 1n a given patient this precrsion 1s much
More important than information as to the exact mineral content (GENANT & Bovyp)
Furthermore Rercnt et coll reported a very high correlation between caloum con
tent and the average CT number for cadaver tiia and fibula specimens

A problem in bone mineral measurements 1s the correlation between changes 1n
Pertpheral skeletal parts and the vertebral column Most often radiologic alterations
of the vertebrat column n the form of fractured vertebrae have been used as a crite
:10: ol osteoporosis Most metabolic bone diseases will affect the skeleton as a whole

nd therefore pentpheral skeletal portrons should be informative on general disease
n bone metabolism
lh::elre 18 some evidence that bone meneral changes appear earlter in trabecular bone
mcu]" cortical bone posstbly due to the more intimate connection with highly
- anzed surrounding tissue Therefore changes 1n bone mneral content should
most easily detected 1n regions rich n trabecular bone In the proximal ubia a
:;L;e volume of trabecular bone 1s located as well as cortical bone in sufficrent
rch::(s to allow the application of a mineral content determination method This
B 15 also easily accessible for examtnation by the modified CT technique The
Ppositioned 1n the machine 1n such a way that the distal of the two sections of g
Bominal 13 mm thickness will pass through the capitulum fibulae (F1g 4) The 1
an be immediately viewed at the display unit and a correction be made f neoe‘esu '

:sually 2 scanming, seq (4 sections) one e g 5 sz:?:

n of the sections 1s chosen and further examined a) Y
pplying the meth

2nd used 1 the onginal expeniment od described

€1~ 795338
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Fig 3 Indwidual leg support
made of plaster of Panis assuring
a relable reposttion of the log

regton to be examuned can be located 1 each patient, and compared with the cor
responding region 1n healthy individunls, reliable evaluation of therapy requires that
the region first measured cn be accurately relocated in succeeding scans even months
apart The present method was designed maly for evaluation of the changes i bone
munernl content during therapy sn patients with bone mineralization diseases The
cfforts were therefore concentrated on developing a method which would afford good
reproducibility 1n repeated scans Paipation of the joint space proved to be unreliable
ns 1 reference for posttioning of the section, as posttionng errors of more than 1
mm often cause greater errors 1n the results than those caused by statistical and other
vintions inherent with the method

In order to determune the crror of measurement under ideal condttions ndvidual
casts of plaster of Pins were made of the medinl and Iateral aspects of the ankles
The casts were fixed with great preciston to the leg support In repeat scanmng the
ankles 1nd easts act as ball 1nd socket jornts fixing the ubi to the supportin such
A way 1s to mike longttudinal and rotational movement very uncomfortable to (h;
patient thus assuring 1 certun relability i reposttroning (F1g, 3) The support wt
the leg and casts 1n be moved 1n or out of the aperture of the EMI scanner, and the
exact longitudinal posittoning relocated using 2 ruler fixed to the support giving
the dist ince from the ankle fixture to the center of the scanned slice The posiiotng
of an mntral test sean for e ich patient was chosen it 95 per cent of the length of the
tibin from the promunence of the medial malleolus to the palpated hnee joint The
anatomie wformation in the test scan was then used in selecting the position of 2
second section 1if necessary The distance on the ruler at this scin was noted for
repositiomng in repeat scanning

Reproducibility cheeh Two volunteers were both scanned three times over a perod
of 13 days The reproductbility m the sum of HU and the mean HU withmn the] bone
tegton outhned had coeffictents of varration of 16 and 2 1 per cent respectively
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Fig 3 Indmidual leg support
madc of plaster of Paris assuring
a reliable reposition of the leg

regon to be examuined can be located 1n each patient, and compared with the cor‘
responding region in healthy individuals reliable evaluation of therapy requires tha
the region first measured can be accurately relocated in succeeding scans esen month:
apart The present method was di gned mainly for eval »n of the changes i bone
muneral content during therapy in patients with bone mineralization diseases Th;
cfforts were therefore concentrated on developing a method which would afford go:l
reproductbility 1n repeated scans Palpation of the joint space proved to be unrchaHe
as a reference for positioning of the section as posttioning errors of more than :
mm often cause greater errors in the results than those caused by statistical and other
variations inherent with the method sl

In order to determine the error of measurement under 1deal conditions, mdm“u
casts of plaster of Panis were made of the medial and lateral aspects of the an ;S
The casts were fixed with great preciston to the leg support In repeat scanmng t ;
anhles and casts act as ball and socket joints fixing the tibra to the support1n st:;;c
a way as to make longitudinal and rotational movement very uncomfortable :‘:mh
patient thus assuring a certain rehability 1n repositiontng (Fig 3) The supp";d ‘e
the leg and casts can be moved 1 or out of the aperture of the EMI scanner, a e
exact longitudinal positioning relocated using a ruler fixed to the support glmng
the distance from the ankle fixture to the center of the scanned slice The pos}llll::f e
of an mitial test scan for each patient was chosen at 95 per cent of the Ienglmt The
tbia, from the prominence of the medial malleolus to the paipated knec ‘Ifwn ofs
anatomic information m the test scan was then used mn selecting the pos! i for
second section if necessary The distance on the ruler at this scan was n

repositioning In repeat scanning

d
hree times over a perto
bility chech Two volunteers were both scanned 1

R"I’é"d“‘:rhe reproducibility in the sum of HU and the mean HU within the bone
of 13 “ﬁ]med had coefficients of vanation of 1 6 and 2 1 per cent respectively
region o
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Fig 4 Anatomic orentation of the section used in the expen
ments

Discussion

Ia the present imvestigation a single roentgen beam quality was used The duat
beam quality method as proposed by RUTHERFORD €t coll GENANT & Bovp and
BRooks & D1 Criiro allows the determination of the absolute bone mineral content
ten whea uaknown amounts of fat are present in the bone tissue However the dual
beam quality methad does not have as good measurement precision as the single
guality method and for senial determinations 1n a given patient this precision 1s much
more mportant than mformation as to the exact minesal content (GENANT & Boyp)
Furthermore Rexci et coll reported a very high correlation between calcium con
tentang the average CT number for cadaver ubia and fibula specimens

A problem 1n bone mineral measurements 15 the correlation between changes 1n
Penpheral skeletal parts and the vertebral cofumn Most often radiologic alterations
of the sertebs.t column ya the form of fractuted vertebrac have been used as a cnite
Tion of osteoporosts Most metabolic bone diseases will afect the skefeton as a whole
and therefore penipheral skeletal portions should be informative on general discase
“1bone metabohism

There 15 some evidence that bone minera) changes appear earlier 1n trabecular bone
than in cortical bone possibly due to the more intimate connection with highly
‘asculanzed surrounding tissue Therefore changes 1n bone mineral content should
be most casily detected in regions fich 1 trabecular bone In the proximal ubia a
large volume of trabecular bone 1S located as well as cortical bone 1n sufficrent
amounts 1o allow the apphication of a muneral content determination method Thus
Region 15 alsa casily accessible for examination by the modified CT techmque The
leg1s positioned 1n the machine 1n such a way that the distal of the two sections of 2
omiaal 13 mm thickness will pass through the capitulum fibulae (Fig 4) The result
2an be immediately viewed at the display unit and a correction be made if necessa
VUsually 2 scanning sequences {4 secuons) constitute one examination {Fig 3) 0?’
one of the sections 1s chosen and further examined applying the method d e
and used yn the onginal expenment escribed

61-1793835
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Hig 3 Indivdusl ley, support
made of plaster of [ anis assunng
a rehable reposition of the leg

Tepion to be ox imined ¢ be located 1n cach patent, and compared with the cor
respondmy, region m he tlthy dividuals rehable cvaluation of therapy requires that
the regron irst measured can be accurately relocated in suceeeding scans even months
aprt The present method was destgned manly for evaluation of the changes in b°;1‘°
muneril content during therapy n patients with bone nuneralization diseases Tde
efforts were thercfore concentrated on developing a method which would afford goo]
reproductbility in repeated s ins Palpation of the joint space proved to be unrehable
st reference for postiiomny, of the scction as positiomng errors of more than +
mm ofter ¢ wsc gre iter errors 1 the results thn those caused by statistical and other
vartitions mherent with the method dual
In order to detcemme the error of me isurement under tdeal conditions, indrvidua
cists of plister of Pinis were mde of the medial and Iternl aspects of the ankl;s
The cnsts were fixed with Lrett precision to the leg support In repeat scanming i ;
ankles nd cists act as ball ind sochet jornts fixing the tibia to the support in s:x;e
4wy 15 to make longitudinal ind rotational movement very uncomfortable :(:mh
pttient thus issurmg a certam rehbility in reposittoning (Fig 3) The suppor 3 the
the leg nd c1sts can be moved 1 or out of the aperture of the EMI scanner, an! ng
exact longitudimal posttiontng, refocated using 1 ruler fixed to the support glr:m
the distince from the nkle fixture to the center of the scanned shice The posxllor 1}15
of an imtial test scan for eich patient was chosen at 95 pur cent of the Icnglhto_rhc
tibia, from the prominence of the medial malleolus to the palpated hnee le:n s
anatonuc information i the test scan was then used 1n sclecting the posil e for
sccond scction, 1f necessary The distance on the ruler at this scan was n
repositionng 1k repeat scannimg »
Two volunteers were both scanned three tmes over a pel
Rq,rmhw"ﬁl’)ﬁ’.:cg:‘;?uqblllty 1n the sum of HU and the mean HU witht the bone
;)cfg:gx:i:islhncd had cocfftcients of vanation of 16 and 2 1 per cent respectively



BONE MINERAL CONTENT IN THE PROXIMAL TIBIA 963

100
Osteoporosis
A
L) A
& 4
150] >§ 4
Control
-
* ? Controt :
on
~ > S
o) . 8 4
T 100] Osteoporosis 50 g
Ao . o A
% L B
X | 7 B e 1
] o o A
50 H g
g o
8
E o
=]
o
Q 0

W6
e ‘mzﬁnunmms 10 patients wath and without osteoporosis Total sum of HU in relation
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Athe

hc\b:gmn of trabecular bone and a dimumished mmeral content also 1n the com

g me (Fig 9) Thus a clear distinction 15 evident between the two bone diseases
€°2rd 1o total mineral content as well as the distribution of muneral

Conclusion

‘l’:;nlll;dg:d version of the EMI head scanner allows examnation of the proximal
P l:wsmg appropriate display levels cortical bone can be differentiated from
S Ac:nc and their relative volume as well as their mineral content can be

50 the anatomic arrangement of the bone substance can be analysed

3 duf
lerence (o distnibution of mineral content between the osteoporotic and the
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Fig 5 Scans from a patient
without muncral bone discase
Normal anatomic distributron of
compact and trabecular bone

Progressive bone deminer ilization 1s a part of a vnety of discases alfecting the
sheleton or the reguliting, mechamism for the caleium metabolism  Altered calcum
metabolism ippears in discases mvolving vitumin Dy metabolism chincally they ap
pear as different forms of osteom ilaci 1 osteoporosts or more subtle changes in the
bone munerihziion Recent investigations point to the great or decisne nnpormnci
of the presence of DHCC metabohte for 1 normal calcrum met wbolism Comcnnonhn
radiologte examinition can reveal ostcoporosis only when about 30 per cent of llc
mineral content has disappeared Changes due to osteomalacia are still more suhl(:
and 1 defimte discrumnation between osteomalacia 1nd osteoporosis 15 hitherto nol
achievible without + biopsy However tius 1s a surgic 1l procedure and cannot be
repeated too often der o

Some patients with hnown metabolic bone discases were examuned m order
illustrate differences 1n bone mineral content and us distribution The findings are
recorded as a diagram showing, the relative amount of bone mineral of various ml:s
cral contents (Fig 6) and also the anatonve distribution of those fryures on llhc ;C:m
(Fig 7) Of mterest s the difference 1 distribution of bone with high mmcm”ct;s[co
wm a patient with ostcoporosis and one with ostcomalacta In the patient wi jl ot
porosis the ligh mmeral content 1s concentrated n the compact bone win Cone
muneral has disappeared 1n the trabecular bone no figures indicating :my! oth
mineral content arc present centraily (Fig 8) This 1s not the case in the paucnround
ostcomalacia where large amounts of bone with low mineral content arc
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o]

rmh: feion of trabecular bone and a dirimished mincral content also in the com

i one (Fig 9) Thus a clear distinction 1s evident between the two bone discases
regard 10 total mmeral content as well as the dutnibution of mncral

Conclusion

bx\;m;dmed version of the EMI head scanncr allows examination of the proximal
oo oy choosing appropriate display levels cortical bone can be differentated from
nung:\ 1:; bone and their relative volume as well as thar mineral content can be
i td Also the anatomuc arrangement of the bone subsance cun be analysed

erence 1n distnibution of muncral content between the osteoporotic anz the
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Fig 7 Distubution of high
muneral bone content (HU >
220) 1n 2 patients with osteopo

rosis (a b) and tn 2 patients with
ostcomalacia (¢ d)

Fig 8 Ostcoporosis Preponder
ance of high mineral bone con
fent in the region of compact
bone a) HU -~ 220 by HU -~ 120

Fig 9 Osteomalacia Low mun
eral bone content n the region
of trabecular bone a) HU 220
b) HU>120

1
osteomalacic bone 1s evident The method 1s very sensitive and small differences can "
be recorded, if the reproducibility 1s adequate Reproducibility has been cxpﬂlmc"s N
telly demon;trated to be acceptable 1t 1s better than with other methods such as '
a
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photon absorptton or neutron activation techniques as the correct anatomc section
can be analysed during the examunation and a correction be made if necessary The
dlfect of therapentic regsmens as the hughly elfective vitamin D, metabolite 125
DHCC can probably be mormtored

SUMMARY

With a shght modification of the EMI MA.1 scanner a sensitine method for examination
of the bone mncral content 1n the proxmal ibia was achieved ‘The method allows an esti
™ onof th amount of trabeculu and cortnal bope as well as thewr mineral content

The anatomi¢ stracture of the bone 18 d differing
and The ducibility 15 bl

ZUSAMMENFASSUNG

| Mt e::xf( leschten Modifikatron des EMI MK 1 Scanners wurde eme empfindliche Methade

L‘(ﬂ ﬂ:" des Knochen M. halts o der p Tipa erreicht Die

0ce eslaubt eme Bestummung der Menge des trabekularen und kortikalen Knochens

:;i:;ssm Muneralgehalts Es wird gezeigt dass die anatormsche Struktur der hnochen
h ber O 0 R b

ot hevechons h bet und 15t Die Rep barken

RESUME

;
“mf;ekgere modification du scanner EMI MK a perimss de mettre au point une methode
b examen de la teneur minérale de | os dans la partie proximale du nbia Cette
permet unie estymatron de 1a quanité d os trabeculatre et d os cortical ainst que de

Teur ten
an eur menerale La structure anatomique de la substance osseuse est mise en evidence
erente dans 1 asté et dans 1 La di est bi
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FROM THE DEPARTMENT OF DIAGNOSTIC RADIOLOGY AND THE HAND SURGERY ULMIT OF
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RADIOGRAPHY IN JOINT RECONSTRUCTION
WITH PERICHONDRIAL GRAFTS

H WiLsraND and O ENGRVIST

dlﬁi}i“;iclzlalh:ra;;:n! on dcgen]cmlnc joint disease 1n the hand sull constitutes a
ity of e eon m Generally accepted methods such as arthrodesss or arthro-
o e 1s1onal or interposthional type often give good results but have
iy lc‘ lons and certain drawbacks A more physiologte surgical approach 1s
o :;cu;lly n young patients The carulage formng capacity of the pen
i G[\Z“;E lh:ns been recognized for more than a hundred years (ARCHANGELSKY
wenly been ; 876 SaLrykow 1900 Haas 1914 LoEs 1926 Fru 1932) has
i “MG)?;mnralcd in a senes of experiments by Sko0G et coll (1972) and
Bty 1 s s 1s capacity of the perichondrum appears to offer a good possi
T bt :n :ppreach to the surgical treatment of degenerative joint disease
g V\hfch Cbon:num from the ear or the b bas been shown 1o give rise to
nilige whon o {otd macro and mucroscopically resembles normal articular
Wi |97§)ao" to a surgically created defect of the joint surface (EnGRVIST &
tmoved (E\mm; to a Jount sutface from which all the ordmary cartilage has been
@ bive he wany TL&. OAmﬁé\x 1979) Rib penchondnum from adult dogs proved
e 1 when logously grafted to the jomnt

Surlace of the [
atella from whuch all normal
. - e cartilage had been removed down to

The good
a flmfcal rr::uhs of these animal experiments have motvated the use of the method
\‘P ctice The purpese of the present imestigation was to determine

Subm
ted for publication 21 November 1978

A 14 Ragof,
214 D agnosis 0 (1979) Fose
6
967
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whether joints reconstructed with free autologous perichondnial grafts 1 which the
chimcal results were considered excellent presented any specific radrographic
features The value of arthrography m evaluating the appearance of the reconstructed
joint space was also assessed

Material and Methods

ENGRVIST & JoHanssoN (1979) reported on the results of penchondrial arthro
plasty of the small joints of the hand or foot m 26 patients followed up from 3 to
40 months The present radiographic mvestigation comprised 13 of these pattents,
in whom the chinical results were considered excellent with improvement of power
and the range of morement and freedom from pain The indtcation for operation
was pain or stiffness 1n the affected joint In 6 of the 13 patients reconstructive
surgery was carried out n the metacarpophalangeal joint, among these, the indication
for surgery was discomfort caused by post infectious arthritis in 2 cases post
traumatic degeneratton m one case and rheumatoid arthnitis ;n 3 In 3 patients the
proximal terphalangeal joint was grafted 2 of these patients had an idiopathie
degenerative joint discase and one a post traumatic arthritis Perichondnal arthro
plasty with an excellent result was also performed 1n one carpometacarpal jomt of
the thumb because of 1diopathic degenerative arthritis and in 2 metatarsophalangeal
Joints of the big toe t of post tr and cc 1 abnormalhities One
patient underwent reconstruction of the elbow jomnt with perichondrial grafung
because of post infectious arthritis

Genteral operatine procedure Alter opening the affected jomt the degenerated
cartilage was removed down to bleceding subchondral bone care being taken to
matntam the essential shape of the jomt surfaces Perichondrium from the carti
laginous part of one of the lower nbs was then grafted to the joint surfaces and
attached to the bone or the margtnal soft tissues by sutures m such a way that the
resected surfaces were completely covered by the grafts The side of the perichondrium
that ongmally adhered to the b cartilage was turned to face the joint space A
thin Stlastic sheet was interposed 1n the jomt to prevent the 2 grafts from growmg
together After closure the jont was immobilized for 3 to 4 weehs before the
commencement of physiotherapy The removal of the Silastic sheet 12 to 16 weeks
after grafting gave an opportunity to mspect the jownt surfaces At the same time
1 some cases a small biopsy was taken from the newly formed tissue on the resccted
joint surfaces Microscopy demonstrated cartilage with a hyaling appearance and a
distinct but irregular borderimne between the bone tissue and the newly formed

cartilage (Fig 1)

and postoperatite radiography was carried out with a tube with a focal size

re
P phic system consisting of a film screen combination of

of 03 mm and a photogra
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A a'x;’l ﬂc\:mﬁopy of newly formed cartiage on the humeral arti~ular surface of the elbow
bas & { iy ;mu-o man 4 months aflter penchondual grafting  The carulage covenng the bone
o oy atuee appearance with closely situated cells resembltng chondrocytes basally and
Galese g f:‘? m:d"cclls towards the surface Presence of proteglycans charactensuic of normal
gy cllular substance stained with saffrann O The border between the bone and

8¢ 15 distinct but somewhat wregular depend
e dnct bt somewta cgulse )epcn i, on the distnbution and shape of the

exther X

it (:mauc Regular Screens and X omatic G film or high defimuon screens
Posto nga Gevaert) and Medichrome film (Agfa Gey tert)

“"nr)x:gr.aul\e radiography was performed after 1 to 3 months and subsequently

o the md:‘zﬂﬂ]ls up to a maximum of 40 months after the operation depending

months ual chinscal requirements The mimimum follow up period was 13
In 3 ca

""tfphn\:;::; final of 2 metacarpophal. 1 joints and one proximal

al‘acs\h:sjmm was completed with arthrography of the restored joint under

unde 1 12 After [ine needle puncture of the joint from the dorsal aspect

Lri(yn 010scopy about 05 ml of megl 06[}5c
aned “f":g‘r;hr; Schening) were mstilled The amount of injected contrast m:dmngl

€ filing capacity of the reconstructed joint space
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hondrial
tacarpophalangeal joint of the long finger reconstructed with peric

F,'Emz mMaclo )c‘:\rpold man with a painful post infectious arthnts after a sa“&aocolgfr’l‘:
4 ng an open jont wound a b} Preoperative film of the affected jont ) ml e
Se grcr:onslrucln.z: surgery d) 18 months after surgery shghtly wregular °°"’°‘:,a ly
after t ¢) 40 months after reconstruction the cortical bone demarcation 18 ,n(
o Kmnd somewhat 1rregufar ) At arthrography 40 months after surgery the J;)'h

dmmc; " almost the same appearance as the corresponding Jont space tn a healthy
553::1 dl‘;‘ﬁ (Fig 5) Acadental fymphatic drainage

i
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Fig 3 Proximal interphalangeal joint of the
ring finger reconstructed with perichondrial
grafts in a 52 year old cleancr with an idiopathic
degencrative arthntis with rather severe pain
a b) Preoperatne appearance ¢ d) .3 months
after surgery Cortical bone demarcation 15
fauly well developed and srregular ¢ 1) Arthro-
graphy 23 months after surgery The jont
space displays a more regular outhine than the
cortical bone demarcation The size of the joint
space corresponds well with the range of mose
ment of the jomnt and differs somewhat from
that 1n the control (Fig 6}

1

Munsum of the sparsity of reports on arthrography of finger jomnts 1t seemed

hnd.nwy to perform simifar examinations of healthy joints for comparison with the
88 1n the reconstructed jomnts These were performed on the authors

Results

MA;S:SE':{:’” of the reconstructed joints during the furst 3 months postoperatively
ober thag o ;za‘;xons were observed n the bony contour close to the joint space
dya dxsul:ct emineralization of the bone However 8 to 11 months postopera
Sy fonmmen tendency to cortical bone demarcation was apparent close to the
Previous o cartilaginous outhining of the jomnt without any alteration of the

ontour This demarcation of the bone cortex became more marked 11 to
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s 2 Metacarpophalangeal joint of the lony, finger reconstructed with perichondnial
grafts m a 20 year old man with a panful post imfectious arthrits after a saw acadent
wiving an open Joint wound a b) Preoperatine Nim of the alfected jomt ¢) 4 months
alier reconstructive surkery d) 18 months lter surgery shyhtly irregular cortical de
marcation ¢ 40 months alter 1econstruction the cortical bone demarcation 1s faurly
distinct and somewhat rregular f) At arthropraphy 40 months after surgery the jomt
space has almost the same appearance as the corresponding ot space 10 @ healthy
tndwidual (Fig 5) Accidental ymphate drainage
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p‘;ﬂshéﬂhmgraphy of a healthy proximal mterphalangeal joit a b) Semiflexed position of the

N Hﬂgt ﬂroxmul volar and dorsal pouch of the joint shghtly extended by contrast medium,

oueme :!“ eni’lu;n cgg(ra‘sz ];‘ncdlum 15 expelled to th  proximal volar pouch of the jont d) In
‘most of the contrast medsum s collected 1 the proxumal dorsal pouch a

mafl amount keft 1n the psoximal volar pouch g o w0d

et
ent of the joint resembled that of the controls but with certain differences The

el
iy ;r surface appeared esen though the cortical bone contours were somewhat
T

Discussion

“;lh: lr[:;dx‘ohgraphu: findings duning the first 3 months postoperatively corresponded
cncellons b: microscopic appearance as shown m Fig 1 the trabeculae of the
Yot m\:nedat the borderline between the bone and the newly formed cartilage
ity rmn istribution and shape Unfortunately biopsies from humans are not
o has ;}? any later period of tme after grafisg However expenments in
Songy e 0\\:1b:hat after seversl months the trabecular component of the
o (Eeom, é:s N neath the cartilage has mcreased and the borderhne 1s more
e boms smzcz t radiography this should be reflected as a cortical demarcation
Blaney § o lhures as was 1 fact observed on the fitm» of the present matenal
The rade. r: hs after surgery and later

“‘Onnmugg phic appearance of distinct cortical bone demarcation against the

cartilage of the jomnt 8 to 11 months postoperatively was i full
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Fig 4 Proximal interphalangeal Jownt of the ring finger re
constructed with perichondnal “gralts 1 a 65 year old
housewife with 1dtopathic degenerative discase giving a
Limuted range of movement and disabling pam during house
hold duties a) Preoperative appearance of the Jjomt b ¢}
4 months after surgery no cvident cortical bone demarca
tion Interposed Silastic sheet d ¢) 10 months after surgery
rregular cortical bone dy 1on farrly well d ped
f g) 19 months after operation Corucal bone demarcation
well developed

16 months after surgery Further examinations only confirmed the consolidation of
the demarcation process (Figs 2 3 4)

Arthrography of the normal proximal mterphalangeal jount m the healthy
individuals revealed that the joint space extended prosimally for a relatively fong
distance (Fig 5) On flexion of the jomnt the contrast medium ws collected m
extended proximal volar pouch of the jomnt space whereas on extreme cxtensm‘r‘l
most of 1t was expelicd to a proxmmal dorsal pouch a minor amount being retaine

ouch
m::fh:g;;pﬁ\)’ of the normal metacarpophalangeal jomt (Fig 6) revealed that the
arge dorsal extension but with smaller recesses n 1ts volar aspect

had a |
jomnt also ed joints the joint space rcadily filled with contrast medm The

In the reconstructs
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simlar volar pouch This recess 1s of great importance to the mobslity of the jount
and its obliteration 1s considered to be a reason for some of the failures after pen
choodral arthroplasty (ENGRVIST & JOHANSSON) Arthrography 15 the best method
of determuning whether or not such a volar pouch 15 present

The ohservation at arthrography of the normal proximal interphatangeal jont
{hat the contrast medium was expelled to different areas i flexion and extreme
etens.on of the jownt indicate that dorsal puncture of this jomt shoutd be per
formed with the finger m semuflexion under fluoroscopy

SUMMARY

The radiographsc findings 1n 13 joints Tl 4 with free penchondrial
gralts from the nib are reported Radiography was performed dunng a penod of 13 10 40
m nths postoperatnely Defimte cortical demarcation occurred after 3 to 11 months and
bad mereased 11 to 16 months following surgery In 3 cases the final examination of 2
mwwphalangeal Joints and one proximal ] joint was leted with
wmfﬁfa;hy which demonstrated that the articular surfaces appeared even although the

one confours were somewhat irregular The extent of the jowt spaces Jargely
reembled that i healthy controls

ZUSAMMENFASSUNG

De sbogohcen Befunde an 13 Gelenken werden benchit welche it freser
umersuc}nmK »on n mut Erfolg t wurden Die Rontgen
D:mmmoﬁcn wurden 13 bis 40 Monate lang nach der Operation ausgefuhrt Kortikale
Monate mh‘:{urdc nach 8 bis 11 Monaten sichtbar und verdeutlichte sich 11 bis 16
uden der Operation Zur Vensollstandigung der abschliessenden Untersuchung
Arty e und e pl 1 fenk it
In den A hien zergten die G berflachen emn eben
Ausmass des Gel hl dic kortikalen Knochenhonturen etwas uneben waren Das
ollen elenkspaltes entsprach 1m Grossen und Ganzen dem der gesunden kon

phi
Massiges Aussehen obwol

RESUME
Lesauteurs

S les aspects dans 13 avec
“c;:;“;“:::n de gger[c perichondrale hibre prise sur une cot¢ La radiographie a ete faite
% & apparan ep:no8 e allant de 13 4 40 mois aprés | operation Une demarcation corticale
Tamen Py ::rf 211 moss et augmente de 11 a 16 mois aprés | intervention Dans 3 cas
S48 provamate 2ar métacar et d une interphalan
Ot ogaere mn eté complete par arthrographie qui a montre que les surfaces articularres
{S5puce oge eme quand le contour de | os cortical st un peu irregulier La Jargeur de
rarticulaire est dans | ensemble comparable a celut des sujets temouns sains
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correspondence with the graduaily reganed function as 1lso was the subsequent
consoltdation Thus the appearance of the cortical bone demarcation without
alteration of the primary postoperative bone contour ts onc radiographic mdication
of a successful surgical reconstruction of the jomt cven though the zone of
demarcation may tppear somewhat irregular A restored jomnt space at arthrogriphy
1s wnother fivourable finding

It would be of value to have carly radiogriphic information which would be of
prognostic uid Duc to the small number of cascs and the rindom distribution of the
radiography over the period of 3 to 8 months following surgery no analysis was
possible 1n this respect A radiographic comparison between this inuted number
of 13 chnteally successful cises ind 9 farlures from the same series reported by
ENGRVIST & JOHMANSSON gave no further mformation of prognostic value
additional to that mentioned Stnce the number of patients operated upon with
perichondnal arthroplasty 1s mcreasing  earlier and more detailed comparatne
observations may facilitate the recognition of carly indicatton of prognostic value

Arthrography of the small joints of the extrermties s not regarded as a roulm:
procedure It 1s sometimes indicated n extreme extenstbility of the joints combne
with panful lestons nd n cases of doubt as to whether periarticular calcnfxcallwnds
are related to the joint or the jont capsule (Hasgr 1973) On the other han
arthrography of reconstructed finger jomts 1s of greater mformational Hlucb X

Haact (1966) described the delicate jomnt space in the finger jomnts with its Iudrsbc

dorsal proximal pouch and pomted out that for puncturce a fine ncedle shou

e thrography of the norm1l proximal nterphalangeal and metacarpophalangeal
_:]os;(isA,; (hf present investigation, performed with this technique, also revealed a
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smlar volar pouch This recess 15 of great importance to the mobility of the joint
and its oblteration s considered ta be a reason for some of the faures alter pen
chondnal arthroplasty (ENGRYIST & Joitansson) Arthrography 15 the best method
of determining whether or not such a volar pouch 15 present

The obsersation at arthrography of the normal proxmal interphalangeal joint
tat the contrast medium was expelled to dilferent areas wn [fexion and extreme
ateasion of the joint mdicate that dotsal puncture of this joint should be per
formed with the finger 1n semiflexion under fluoroscopy

SUMMARY

T radiographic findings 1n 13 yoints tec d with free hondrial
#als from the nib are reported Radiography was performed durmng a period of 13 to 40
!Iwmi\s Postoperatively Defisite cortical demarcation occurred after 8 to 11 months and
34 meteased 11 10 16 months following surgery In 3 cascs the final examumation of 2
r"h“:“mﬂhﬂ‘ﬂsﬂl jomts and one proxumal merphal I jomt was feted with
hiograpty which demonstrated that the articular surfaces appeared even although the

vl bone contours were somewhat wrregular The extent of the jowt spaces largely
abled that 1n healthy controls

ZUSAMMENFASSUNG

Dy
Vg dogaphischen Befunde an 13 Gelenken werden berichiet welche mut freier

Mﬂ:‘;““g on Rippenperichondrium mit Etfolg rekonstruiert wurden Die Rontgen
Wmmaun"m wurden 13 bis 40 Monate lang nach der Operation ausgefuhrt kortikale
Monae 10T wurde nach 8 bis 11 Monaten sichtbar und verdeuthchte sich 11 bis 16
vy :‘h:" Operation Zur Vervoll der

Arogagp und emn Interph Igelenk mut

g ;hle untersucht In den Arthrographien zeigten die Gelenhoberflachen e eben
[t d“s&éhen Obwohf die kortikalen Knochenkonturen etwas uncben waren Das
ol elenkspalies entsprach 1m Grossen und € anzen dern der gesunden Kon

RESUME
a
Sy au:rsmmmtm les aspects rad dans 13 ar avec
o g :,:“ de geeffe perichiondrale libre prisc sur une cote La radiographie a eté faite

?“ - ‘Pmranc Periode qllant de 13 3 40 mois aprés | operation Une demarcation corticale

o

% M'I f: 83 11 mors et augmente de 11 & 16 mois apres | imtervention Dans 3 cas
tene mm‘-:“ ;1‘ < articulations metacar et d une ar
[ ¢ 8 £1¢ completé par arthrographie qui a montre que fes surfaces articulaires

Topse e CMe quand le cor
M‘“*finmula;rg oy ntour de 10s cortical €st un peu wrrégulier La largeur de

dans 1 ensemble comparable a celur des sujets temorns sains
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CHOICE OF SCREENS IN HIGH SPEED ANGIOGRAPHY

S RecHMANN K ASTRAND and L LUNDIN

High sensitivaty of the recording medium has been one major solution for reducing
f:\:;:; elxposure It 1s well known that such increased speed mnvolves a nisk of de
locuxdom:ﬁc quality Attempts to explan this circumstance have mamly been
Th Iy :{ :Iu‘s of sharpness which 1s inevitable 1n high speed intensifytng screens
i may be math 11 d by means of the modulation
e or o ion (MTF MORGAN et coli 1964) Thus the MTF has mainly been

. ¢ evaluation of screen performance However another form of image
ot mn;“s(m ;uLgh speed is the mottle By d this
a1 hmnu; s o . density { due to the distribution
Toctustons ;:um er of roentgen photons giving mise to the image These density
et 1 ay"cmer small image details to the point where these cannot be
wih lﬂl‘[tnse; tnfluence of this relative lack of photons which ss further augmented
N &sj\reen speed 1s not confined to the background fluctuations alone
DSt and STRAND 1979) Therefore the relationship between decreased ex

The scrmmage information capacity s still incompletely known
T _n‘uy of a screen film may be 1nfl d by ch the
The yi1p I (}l,s m:urn may be achieved by means of different modes of development
Ty be \mmum ept constant and so the influence of the relative lack of photons

‘dﬂpmcmdy evaluated Howeser this techmque has certain Iimits stince film
U et eviating too much from what 1s ded may lead to d
Hrome COIou:-]cfcl Previously (RuicHMANN et coll 1978) the Agfa Gevaert Medh

ilm was found to make possible speed vamations amounting to a

s
ubaited for publication 16 December 1978

Acia g,
ol ¢¢ D gno s 0(I979) Fac 6

- 977
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Table

Surtey of the screens tested contaung cither lanthanum o0xybromide

(LOB) or barium fluorochloride (BFC) The total processing tine m

nunutes at 37 C for the Medichrome film s wdicated yicldng desired

S density for the two levels of exposure used These letels correspond to
par speed » 2 (4 0 mAs) and par speed x 3(2 5 mAs)

Screen name Phosphor Processing time

25mAs  40mAs

Agfa Gevaert MR 600 Los 3o 25
Stemens Titan Lon 30 25
lford Rapide LoB 35 30
Agfa Gevaert MR 400 LoB 35 30
Test sereen BFC 45 35
Philips Massiot Azuray 1 BFC 45 35
Agfa Gevaert MR 200 LOB — 53

factor of 25 10 3 without impaired nformation capacity 1n fact this capacity was
clearly supertor to that of a standard black and white film (Agfa Gevaert Cunix
RP 1) In expeniments now reported a phantom with vessels of smail calibre was
exposed using various high speed screens differing in sensitnaty by a factor of 3
constant phatographic density of the final films berng obtamed by means of different
modes of development The influcnce of screen unsharpness could then be analysed
without the final smage being simultancously affected by any sigmhecant difference
m quantum mottle

Expeniments

The biood vessel phantom was obtaned from an antopsy specimen of paacreas
contaimng barium sulphate as contrast medium The soft tissues were removed
Radiography was performed at 60 KV using an additional tube filtration of 08 mm
Cu and 1 mm Fe The vessel phantom was surrounded by air The geometric condt
tions eliminated any sigmficant influence of focus unsharpness A number of dif
ferent screens were used as listed m the Table 1n conunction with Agfa Gesaert
Medichrome fifm Al fms Were processed in a Pakorol machune at a temperaturé
of 37°C The different processing times are histed n the Table mdicating "5'““‘;
differences 1n speed between different screens Two phosphor substances werc teste "
viz lanthanum oxybromide and barium fluorochionide In the Itter case one screc

mercially available (Philips Massiot Azuray 11) the other bemng a test sereen

was com {o attenuate

ade by another manufacturer These two substances may be expected
nI1 radiatton 1n a sunilar way with regard to the spectral distibution of the radiation
“:ce {anthanum and barium differ only little m atomc number
s
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P R )

- Fig. 1 Films (magnified 3} of
2 b a vessel phantom In a) a
T‘t Siemens Titan screen was used

i o | r-m In b) a Plilips-Masstot Azuray
II «reen was gnen the same

-y - exposure  the dillerence i
“parre screen speed being climinated by

o LY} more intense development thus
LEMN causing greater contrast besides
bl greater sharpness However the
LT same objct details appear in
S L both hims When the images
P are converted to identical con

LY trast and sharpoess (¢ and &
o N respectinely) st becomes sl
s v more evdent that the informa

non content of the two films 13
identical since the con ersion
did ot entadl any reduction of
the aumber of visible details ra
{b) despite 1n reased unsharp-
ness

Twa serses of I

boed 1n e oy
Nasible by

ms were obtatned at different mAs settimgs of the generator as
e The films produced duffered greatly i sharpuess contrast and
Q“ncm"::l\:round fluctuations Howeser the evaluation of the image qualty was
x’“dtnlexgd Onul‘h: sole question of how many details pertaining to the obyect could
Wbty rem e tmage Thus 4 film displaying more object details was considered
it gl,urdlcss of contrast sharpness and visual impression of background
Bphed on ﬂ:rdcr to increase the reliabity of inspection all films were photo-

! The me :\‘ 'ne gram panchromatic emulsion (Agfapan 25) by means of orange
Lt o cf:lln:s formed were of the same size as the ongmal Under constant
Ny W The :ln;ﬁs’: ;hesc negauves were magmfied 4 times onto film (Agfa Gevaert
et shong oy ngs'n'-;‘r';: and wmcrease of contrast made inspectron considerably

compansan between different films
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Fig 2 Three films superim
posed In a) the films were
copies of the same origtnal
superimposition leading merely
1o increased contrast but not to
increased information  When
copies of three different ongt
nals were superimposed (b) the
resulting 1mage  corresponded
to a threefold increase of radio
graphie eaposurc obvious m
creasc of nformation

On the whole no sigmficint difference was noted as to the number of visible
details as long as the cxposure was hept constant Thus, screens gwing nise to low
unsharpness were not superior to those of high unsharpricss Furthermore screens
of low unsharpness giving risc to a low output of light made 1t necessary for the
development of the films to be increased Therefore 1n the films obtained, low un
sharpness and high contrast tended to occur simultancously However, neither of
these factors appeared to be of sigmficance as compared with the exposure The df
ference between the two serics of different exposure was not great enough to be
presented 1n an allustration the difference bemng seen mamly mn the form of a scat
tered dropout of minor details 1n the lower exposure series

Even though contrast and unsharpness did not mean varia
of visible details they certamly affected the visual appearance of the films (Fig 13,
b) The greatest difference in this respect was seen between the Titan screen and the
Azuray Il An aftertreatment of these two 1mages obtamned with 4 mAs exposure
was carried out m order to demonstrate that the same 1magc would be obtained if
contrast and unsharpness were brought to the same level The followmg technique
was used The ncgatives obtained when the original films were photographed were
magmified onto N4l p ilm By means of differcnt development the two sccondﬂrr}’
fiims were brought to the same contrast The films were rephotographed onto Agl “l
pan 25 The Titan tmage which displayed lower sharpness was phomgmphcd w::
the camera lens adyusted to maximum sharpness The Azuray 11 1mage, on the ot nc
hand, was rephotogmphcd n a senies with ncreased defocusmg of the Icns},] Sl‘:mi
nse to ncreased unsharpness Thus a negative could be selccted displaying t ]‘isf ™

ual degree of unsharpness as did the Titan image In thus way the Azuray JLD
o fugher sharpness and contrast in the original (Fig 1a b), could be grett
?}:iplsz;‘;gv1sﬁal appearance as the Titan 1mage (Fip, 1¢ d) without loss of object

trons mn the amount
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lormation This observation lends further support to the assumption that under
the radsograph d of the exy unsharpaess of the screens and ¢on
trast of the lm were merely of secondary mportance as compared with the radio-
graphic exposure

Another form of aftertreatment was also carried out The dilferent magmifi d hims
could be supenimposed and sill be inspected 1n strong light This could even be done
with three films without density bemng When fied films ob d
from different onginals were used new detafs always appeared s the smage despite
therr bein, savisible 1 each of the magnufied films when inspected scp 1y (Fig 2)
Thus was not due to a sumple increase of contrast since supenmpasition of several
maguified films dennving from the same onginal did not give nise to inceeased 10
formation Likewsse unsharpness of the screens seemed to be of no sigmficance
sizee the same details tended to appear in the image when films from unsharp screens
were supenimposed  as obsersed when films from sharper screens were used The
supenimposition 1 uself 1mplied mncreased radiographic exposure Thus this obser
Vauon points 1n the same d as those deseribed ndicating that exp 15 of
predominating 1mportance under the 1 d as compared with
§cr en uasharpness and film contrast

Discussion

The present 1nvestigation constitutes a test of a series of modern ntensifying
Screens of moderate. or hagh sensitivity with regard 1o capacity for depiction of very
small blood vessels The actual amount of 1nformation obtained under the prevailing
et cond was chiefly d by the rad h p Contrary to
#hat might be expected screen unsharpness and fifm contrast as controlled by dif
ferent mades of development did not visibly affect the number of object details ap-
anng in the image However since the test conditions to a certain degree deviate
from the conditions present i the chnical situation the difference between the test

Station and the chnical such as abd ] hy have to be
considered

The exposure fevel used m the present expenments wmphed a fairly moderate
teen film speed amounting to par speed » 2 and par speed <3 respectively The
Rtter speed 15 often employed n chinical angiography However the introducuion
of new ugh speed screens 15 ikely to bring higher screen Gilm sensitwvities 1nto com
Mon use Thus the test series was performed at a rather high level of radiographic
Exposure to the {ying screens as pared with everyday Furthe,
Mmote the condiions of attenuation i the object probably implied hjgb;r cont r
of the radiation rehef than m chincal radiography of corresponding small &mt
Sessels since the radiation was rather soft and the blood vessels \negre r.a 1y ood
:'E:‘““ ait rather than soft tissues No secondary radiation was present T;: ;jls;::

contrast of the radiation reficf and the farger the number of the photons gﬁmg
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nise to the final image the more Ithely 1t 1s that unsharpness will limit the mformation
capacity of the image Simce the present experiment was carried out with a higher
number of photons and a fugher contrast of the radiation relief than usually 15 en
countered mn clincal radiography, there appears to be no reason to expect screen
unsharpness to be of greater unportance 1n the chinical situation than 1t was in the
test

It may be expected that the screens tested would display somewhat different de
grees of atenuation, leading to varmations mn the actual radiographic exposure
However this factor did not visibly affect the final image quality

In the phantom expermments the only important factor giving rise to image un
sharpness was inherent m the intensifying screens and the cross over exposure of the
film The phantom stself lay so close to the recording medium that no focus unsharp
ness should be expected and since a phantom was used, motion unsharpness was
elimumated In clinical exammations vdditronal unsharpness duc to these two factors
1s usually encountered Howeer, this does not invalidate the conclusion that radio
graphic exposure 15 more important than screen unsharpness, since if unsharpness
deriving from other sources 1s added to that from the screens, the differences between
vartous screens will 1t most be reduced or eliminated

Previously (ReicuvanN & STrip 1979) the mfluence of secondary radiation was
tested under conditions similar to those in the present experment Above all st was
imvestigated to what degree removal of a smaller or larger fraction of sccondary
radiation could be compensated for by means of mcreased screen film speed Im
proved sccond iry screening means reduced exposure first by the removal of the
seconduary radiation atself and secondly by stealing part of the primary radiation
otherwise reaching the recordng medm It was demonstrated that mereased
secondary screening was an efficient means of wmproving 1mage quality In order to
avoid an increased radiation dose to the patient a shift to lugher screen film speed
was found recommendable The incrcased unsharpness thus troduced did not a:
pear to alfect 1mage quality adversclv, an observation which 15 explaned by ‘b:
present experiments The fact that the radiographic exposure has been found tol :
the predomnant factor determiming image quality in angtography m fact implic
that the signal/noise ratio limuts information capacity much more than does un
sharpness Increased sccondary screeming yields a more favourable signal/noise ral(l)l;
and, apparently, improved 1mage quality may thus be achieved even at the cos& it
somewhat ncreased screen unsharpness and to a certmin degree reduced radi
graphic exposure to the screens

SUMMARY

their
ber of intensifying screens were tested as regards

tom eaperiments 4 num ‘
I? lp‘;a;\ for angiography Film speed was adjusted so as to make possible a consl;rll
ot sth cxposure despste screen speeds varying by a factor of 3 Thus screen wn
radiograp varied considerably However 1t was of no practical unportance as long s
sharpness
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radiographic exposure was kept constant This observation indicates that the modulation
transfer function 1s of hrmited value mn differentiating between screens for high speed angio-
gaphy Likewise fum contrast was of htule sigmfscance for image quality as compared
with exposure to the in fying screens

ZUSAMMENFASSUNG

Ba Phantomeaperimenten wurden eine Anzahl von Verstarkerschirmen hinsichtlich der
Anwendbarhert fur die Anglographie gepruft Die Schirmgeschwindigkeit wurde dahinge
bend justiert dass es moghich wurde emne konstante Rontgenexposition zu halten obwohl
die Geschwindigheuten der Schirme um emnen Faktor 3 varerten Samit veranderte sich die
Schirmunscharfe wesentlich Das war yedoch nicht von praktischer Bedeutung, solange die
Ronfgenexposition honstant gehalten wurde Diese Beobachtung deutet darauf hin dass
die M von Wert 1st bes der Differenzierung zwischen
Shimen fur die hoch Geschwindigkeitsangiographie Ebenso war der Filmkontrast von

:‘Gnnghcr Bedeutung fur dic Bildqualitat verglichen mit der Rontgenexposition der Verstar
erschirme

RESUME

Un certain nombre d ecrans renforgateurs ont €té testés au cours d expenences sur fan
tome en ce qur concerne leur utilite pour | angiographie La rapidite du fim a el ajusiee
defagon a permettre une exposition radiographique constante malgie des rapidites d ecrans
rnforcateurs altant de un 4 trois Dans ces conditions le flou d ecran a vane considérable
ment Cependant 1l n avait pas d smportance pratique dans la mesure ou l exposition radio-
wraphique était mamtenue constante Cette observation montre Gue la fonction de transfert
de modulation a un interet lmite pour établir une difference entre Jes écrans renforgateurs
utlises pour 1 angiographue a grande vitesse De meme le contraste du film a peu d im
Portance pour la qualite d image en del d
Tenforgateurs

des ecrans
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Book review

ESSENTIALS OF RADIOLOGY [ OR MLDICAL STUDENTS AND OTHERS WHQ EIND LOOKING AT
RADIOGRAEHS VIRY DIHHICULT 178 pages By P M Bretland Butterworths London and
Boston 1978

The author states in the preface that he has no intention to compete with any of the
recopmzed  textbooks of radiology The purpose of the book as weil as the group of
prospective readers it s aumed at appear clearly from the sub title The material 1s diided
wnto four chapters wath the followsng titles Chest Abdomen Bones and Shull respectively
Jomnts are meluded under the heading Bones Other subjects are also treated shortly Very
little 15 said about the techmque of examination The booklet is certamnly uscful to read
for non radiologists sccking & short ntroduction nto the art of cvaluating conventional
roentpen films 1¢ films obtained without the use of contrast medium of any kind The
text 1s fluent and casy (0 foliow with emphasis Lud on matters of practical tmportance Itts
a pily that many of the numcrous tlustrations are of such poor quality that an evaluation

of details 1s inpossible
Alfred S amosit

6
Acta Radrologica Diagnosts 20 (1979) Tase
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108 Biorn N Temporary \] of the 'y artery 1954
Price Sw kr 30
109 TormoD HauGe Catheter vertebral angtography 1954 Price Sw Ar 30
110 Laks Biung  Roentgen examunation of the proximal fernur end 1n children and
adolescents 1954 Price Sw kr 25

1) Lags Winperen and Jowannes Ziwuer  Cholesteatoma of the muddle car 1954
Price Su Ar 20
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113 K A Hurvsorn The casual relationship between benign epithelial tumors and adeno-
“:arcmomz of the colon and rectum 1954 Price Sw kr 15
GIORG FREDRIK SALTZMAN The tional tn the con
‘B‘_:"H;I'n;lformzuons of the heart and great vessels 1n adults and juveniles 1954 Price
lllls6 gm DebeN Cancer cells in urninary sediment 1954 Price Sw Kr 20
EVENTH INTERNATIONAL CONGRESS OF RADIOLOGY The 1nvited papers The Radiobiol

;xy Symposium 1 Arhus and The Reports from the International Commasstons 1954
ice S Ar 40

of 1954 Price

1
IZIC);l[l:Ol“ SUBMITTED TO THE INTERNATIONAL COMMISSION ON RADIOLOGICAL UNITS
- S\u’( Sopenhagcn Suly 1953 1954 Price Sn Ar 25

LLBERG Studies on the distribution and fate of S labelled benzylpenteilim 1n
\ l‘g'*rl’ody 1954 Price Sw Ar 25 N !
e W Devin A study of the local roentgen reaction on the skin of mice with special
5 ‘;t\f;c;‘la the vascular effects 1955 Price Sw Ar 15

ATISSON Practical hic problems in hy with special refere
"0 bigh voltage technuque 1955 Price Sw Ar 30 e e

! DitGo Cagustri
0 es
1955 oy M X ray crystallographic studies on apatites and calcified structures

haly?
5 u::r‘:,::[““snﬁu Artenography of the uterine artery Its value in the diagnosis
0 ibromyoma tubal pregnancy adnexal tumour and placental site localization
of mtra uterine pregnancy 1955 Price Sx Ar 30
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LXXVI ArnE Netson Determination of physical factors influencing the quality of the
radwographic wnage 1949 Price Sw Kr 1S

LXXVIl BinGT A NourmAN Cancer of the breast A chimcal study of 1042 cases
treated at Rudmumhemmet 1936-1941 1949 Price Sw Ar IS

LXAVIT Herman Lossner Studies on the classification of carcinoma of the uterus A
patho apatomica! and clinical investigation 1950 Price Sw Ar 20

LXXIX Gror NormaN Hysterography i cancer of the corpus of the uterus 1950 Price
Sw Kr 20

LXXX Ant LINpBLOM Arteriosclerosis and artenal thrombosis n the lower Imb A
roentgenological study 1950 Price Sn Ar 15

LXXX! Anpexs Sonesson Odontogene cysts and cysuc tumours of the jaws A roentgen
d ic and patho study 1950 (Out of pnnt )

LXXX3I Jou~n Lino Heart volume 1 normal infants A roentgenological study 1950
Price Sw Kr 15

LXXXIU Anpreas Hover Abdomunal distenston and tatestinal activity following laparo
tomy 1950 Price Sw Ar 15

LXXXIV Oror NoRMAN Studies on the hepatic ducts i cholangiography 1951 (Ost of
priat )

LXXXV (85) ARnE FrantzeLt Soft ussue radiography Techmical aspects and clmical

4 m the ¢ of himbs 1951 Price Sw hr 20

LXXXVI (86) INGEMAR HesséN Roentgen cxamination of pleural fluid A study of the
locahization of free cffustons the potentialitics of diagnosing mimmal quantities of flud
and 1ts existence under physiological conditions 1951 Price Sw Ar 20

LXXXVI (87) Stic RADNER Vertebral angiography by catheterization A new method
employed in 211 cases 1951 Price Sw Ar 20

LXXXVIIL (88) Lars LonnernLap Transit tume theough the small mtestine A roent
genologic study on normal vanability 1951 Price Sw Ar 20

LXXXIX (89) GUNNAR Jonsson BROR BRopIN and Joan Kareii Thovace am(O’
graphy with special reference to its value 1n patent ductus arteriosus and coarctation o
the aorta 1951 Price Sw Ar 30

XC(96) Jran Pienne BucNion Lesions nouvelles du poignet Pseudokystes necrobiot
Kjstes par hermations capsufatres Arthnte chromque dégénératine par ostéachondrose
marginale 1951 Price Su Ar 20 logical

XCL(91) Jan AseLunt The utenine cervix and sthenus under normal and patholog!
conditions A chnical and roentgenological study 1952 Price Sv Ar 20 age

XClH ¢92) ArRNE LinvELL Carcinoma of the utenine cervix Incidence and wfluence of ag
A statistical study 1952 Price Sw Ar 20

XCIil (93) Erik OprBLAL Contributions to the theory and techmique
autoradiography with B3 with speaiat reference to the granulosa tissuc ©
follicles in the rabbit 1952 Price Sw hr 20

XCIV (94) SviN OLOF BRATTGARD and HoLger Hypen Mass liptds
proteins and protems determined w nerve cells by X ray mucrora

Price Sw hr 15 with 3
XCV (95) OLaLLo MORALES and RAGNAR Romanus Urcthrography 1n the male WA

ques

of quanulnlne
£ the Graafian

pentose nucleo
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tughly viscous water soluble contrast medim Umbradil Viscous U 1932
Sw Ar 20 + for the
XCVI (96) SVEN OLoF BRaTTGARD The importance of adequate shmulall; oy

chemical composition of retmnal ganghon cells during early post natal develop

Price Sw hr 20
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XCVIL(97) Lucio D1 GuaLietsmo and Mario GUTTADAURD A rocntgenologic study of the
coronary anteries 1 the lnving 1952 Price Sw Ar %0

ACVIII (98) SiGvarD kaae Radiotherapy m cancer of the breast 1952 Price S» Ar .0

XCIx (%9 Rotr KowiEr Insestigations on backflow in retrograde pyclography A
roentgenological and chinical study 1953 Price Sw Ar 20

108 Guswar Gortox Post rad hylact d n
carcinoma of the uterne cervix 1953 Price Sw Ar 0

10t Hexan Lopty The satue of hy in

bronch 1953 Price Sw Ar .0

107 S\in BeLtmaN Microangiography 1953 Price Sw Ar 0
103 Incemar BowsTrou Principles of vertebral tomography 1953 Price Sw Ar 0
104 FRANCESCO CASTELLANO and Giovasst RLGGiero Meningioms of the postertor fossa
1853 Price bound Sw hr 35 unbound Sw Ar 30

105 Lorextz Nrvrer Changes in the chest roentgenogram 1o Boeck s sarcord of the tungs
1953 Price Sw kr 75

106 Ture AnDErsson  Electrokymographic examinations in mitral valve disease 1953
Prce Sw Ar %0

107 CurT JoHanson The central veins and deep dural sinuses of the brain An anatomical
and anglographic study 1954 (Out of print.)

108 BioRN NORDENSTROM Temporary 1
FPrice Sw &r 30
199 Torvoo HavGe Catheter vertebral angiography 1954 Price Sw Ar 30

110 Lars Biting Rocntgen examunation of the proximal femur end 1o children and
adolesents 1953 Price Sw Ar 25

111 Lars Winperen and Jomanaes Zivuer  Cholesteatoma of the muddle ear 1954
Price Sw kr %

112 Gunnar M
Sv kr 25
13 K A Huvteors The casual relationship between benign epithelial tumors and adeno-

":il‘cmuma of the colon and recturn 1954 Price Sw Ar IS
GrorG-FRIDRIN SALTZMAN The tronal 0 the con
?:":l'mzz;(ormauons of the heart and great vessels tn adults and jusennles 1954 Price
:ié g:‘u DeDEN Cancer cells i unnary sediment 1954 Price Sw kr 20
VENTH INTERNATIONAL CONGRESS OF RADIOLOGY The invited papers The Radiobiol

8 Symposium 1n Arhus and The Reports from the International Commussions 1954
Price S hr 4p
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of 1954 Price

“ZICI;([G?R? SUBMITTED TO THE INTERNATIONAL COMMISSION ON RADIOLOGICAL UNITS
U8 Sype Uo)xnhagtn July 1953 1954 Price Sw Ar 25

e teg L;BIRG Studies on the distributton and fate of S ¢ labelled benzylpenicillin 1n
113 F(\Ny])l 54 Price Sw kr 25

erence lmk A study of the local roentgen reaction on the skin of nuce with special
10 Ovpag o the vascular effects 1955 Price Sw kr IS

1 tugh s u*]";l'&so" Practical problems in rad with special relerence
DY Drgg Py ge technique 1955 Price Sw Ar 30

1955 P""':;:ST:N 5X ray crystallographic studies on apatites and calcified structures
12 \Gwar Frrnstron

of uterine fibromyoma 1

M cases of intra uterine

Arteriography of the uterine artery Its value in the diagnosis
ubal pregnancy adnexal tumour and placental site localization
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123 KrisTINA ERENGREN  Roentgenographic diagnosts of gemital tuberculosis n the female
and roentgenographic effects of antibiotie therapy 1955 Price Sw Ar 30

124 K A Huctsorny O Mogates and R Romanus The so called shelf tumour of the
rectum 1955 Pricc Sw Ar 20

125 Bo LinpstroM Roentgen absorption spectropt Ty n cytoch ¥
1955 Price Sw Ar 30

126 Lars GUNNAR LARssoN Studies on radiotodine treatment of thyrotoxicosss With
spectal reference to the behaviour of the radiotodine tracer tests 1955 Price Sw Ar 25

127 Ovar PererseN Precancerous changes of the cervical epithelium 1a relation to mant
fest cervical carcinoma 1955 Price S Ar 25

128 Boyctc WoRTHLEY JOHN Tooze Joan Brown and Ropert M Fry Dosage estima
tion 1n radiotherapy 1955 Pricc Sw Ar 25

129 GreGers TromsiN Hiatus hermia m children 1955 Price Sn Ar 25

130 Ane GipLuno Development of apparatus and methods for roentgen studies i haemo
dynamics 1956 (Out of print)

131 Anc AxerLunp  Gosta Forsscll 1876-1950 To the memory of his hfe and work
1956, Pricc Sw Ar 15

132 T W Lirs Assessing the curability of cancer 1956 Price Sw Ar 20

133 CurT LAGERGREN Biophysical investigations of urinary calculi 1956 Price Sw Ar 25

134 ULr Rupue Electrohymography with special reference (o valvular pulmonary and
wfundibular stenosis 1956 Price Sw Ar 30

135 SvtN Erin ENGLUND Obscrvations on the migration of some labelled substances be
tween the urinary bladder and the blood m the rabbit 1956 Price Sw Ar 25

136 Hans IpnonrN Renal angiography in expentmental hydronephrosis 1956 Price S
kr 20

137 Vipar BaciLunp Uber die Technik der simultanen Telefilmplanigraphie 1956 Price
Sw kr 25

138 STiG FAGerperG Tomographic studics on the normal and mjured knce 1956 Price
Su Ar 30

139 Tauno MANNILA On parallax and vanations 1 the stercoscopc 1mage with a view
to stereofluoroscopy 1956 Price Sw Ar 25 b

140 ToronY Grerz A radiologre study of the bramn circulation by rapid serial anglography
of the carotid artery 1956 Price Sw Kr 30

141 HerGe HerTz and Tiomas Roscapal Roentgen changes i the cranwm m 153
tracranual tumours 1 children aged 0-15 years 1956 (Out of print)

142 ToORSTEN ANDRE Studies on the distribution of trtium labelled dihydrostrept
and tetracycline 1n the body 1956 Price S» Ar 25

143 CaRL EINER GUDBIERG Br ISt 1
operatnve treatment 1957 Price Sw Ar 25 from

144 BrorN WestIN Experimental studies on the disappearance of radiosodium xonIS( A
local deposits 1n the cavity and n the wall of the vagina of the rat 1957 Price S# :x '

145 O G A BERGGREN Ii)er;\ggraphxc studies on carcinoma of the uterme cery

Price Sw Ar

14??[?3 Blf(fZMAN The proximal end of the femur Investigations with special reference
to the euology of femoral neck [mcl’ures 1957 Price Sw )\: 35

147 G F BaHR Changes 1 Iiver cell during st protetn sy

cal study 1957 Price Su kr 25

che]réll RL ARE OMNELL Quantitative roentgenologic studies on changes i mineral ¢

14?)f bone 0 wivo 1957 Price Su Ar 25
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19 P Wistiing KURT SusDBERG and GUNNAR SODIRBERG Systemic seticuloendo-
thetal granulorna 1957 Price S» Ar 25

150 Treatment of mahgnant blood discascs by radioactne phosphorus P I-11 INGMAR
BirosTroy and Exin LinoGrex P 1 Chinscal aspects 1957 Price Su Ar 25 1NGMAR
Beacstrow P 1l Hematological aspects 1957 Price Sw Ar 25

151 Eria LinpGres  Radiologic examunation of the brain and spinal cord 1957 (Qut of
prut.)

152, CarL Gustav HELANDER and A€ Linpsoy Primary tumors of the peliic bones A
Toenigen dagnostic study of eighty three cases 1957 Price Sw Ar 25

153 0150 Ktossasey Uber das Vork n von b und K
1n Verbindung mut Pleuraschwarte 1957 Price Sw Ar 20
154 B Suvivand H Matvcren The ! 1 distnbution of and pept

dase activity st solid tumor transplants A histochemical study on the enzymi. charac
teristics of the different tumor cell types 1957 Price Sw Ar 30

155 Gonnar Epsvan A graphy and hy A 1
study of the normal kidney expansise renal and suprarenal lesions and renal ancurysms
1957 Price Sa Ar 30

156 Besat WerTerpaL Expenimental studies on radioactine zinc 10 the male reproductive
organs of the rat 1958 Price Sw Ar 30

157 Lars-Fric Larsson Radsation doses to the gonads of patients in Swedish roentgen
dngnostics Studies on magmitude and vaniation of the gonad doses together with dose
reducing measures 1958 Prace Sw Ar 30

158 HAKAv Arvipsson Angiocardiographic obsenvations in mitral discase With special
Teference 1o volume samations in the left atnum 1958 Price Sw Ar 30

5: Pk Upvan Percutancous selective angiography of the coeliac artery 1958 Price Sw
r 35

160 Jexzy Ersworn Studies on the effect of thy rotropic hormone on the thyrotd function in
man 1958 Price Sw Ar 30
161 GuNwAR TrLLnG The vascular anatomy of long bones A radiological and histological
study 1958 Price Sw kr 25
187 Torstew Winéx Renal angiography duning and after umlateral uretenic occlusion A
lslons term expenimental study m dogs 1958 Price Sw Ar 30
3 CARL-GUSTAF HELANDER Nephrographu effect and renal arteniographic damage An
]E\Denmcnlal study 1958 Price Sw Ar 30
i GLADNINOFF Congental atressa of the small intestine A roentgenographic study of
cases 1958 Price Sw kr 25

165h BRor Broof~ and Jonan haRnELL Ci of the aorta A studies of
16‘6‘ aorta before and after operation 1958 Price Sw kr 30
Erik Acren R sulphur as sulphate A method, | study with

16;Nxal reference to S labelled penicillin in oral surgery 1958 Price Sw Ar 30
: ‘Nru O Birc and Martin Linooren Time dose refationshtp and morphology of
6; 'ayed radiation lesions of the bram in rabbits 1958 Price Sw Ar 30
OLtE KieLtgren The radiation teaction i the vaginal smear and sts prognostic
Yieficance Studses on radiologically treated cases of cancer of the uterine ceryix 1958
. Price S Ar 35
(fmﬂi‘ﬂ )Sonmsm Late vesults of radium therapy 10 cervical carcinoma A climical
stical study on 798 patients treated at the Radium Centre Copenh:
agen di
ng‘"ﬁd 19 2-1929 1958 Price Sw Ar 25 penhagen during the
ARTIN LINDGREN On tolerance of bram tissue and sensitiy
wadiation 1958 Price Sw Ar 25 1y of brain tumours to
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171 Orov Danc and K J VinterLoF Dose distributions m arc therapy i the 200 to 250
KV range Systematic nh h with the beam direction
perpendicular to the oscillation avis 1958 Price Sw Ar 35 (This monograph 15 1a two
languages English and German )

172 Per Oovan and JaN PuintesoN  Aorite salvular diseases studied by percutaneous
thoracic aortography 1958 Price Sw Ar 25

173 Lrin ODEBLAD BidrN WesTiN and SVEN Erin ENGLUND Disappearance measure
ments Theorctical technical biological and medscal aspeets 1959 Price Su Ar 30

174 LArs BiLtng and ERin SEvERIN Shipping epiphysis of the lip A roentgenologteal
and chiucal study based on & new rocntgen technique 1959 Price Sw Ar 35

175 Ane HANNGREN Studies on the distribution and fate of C¥ and T labelled p-amino
sahicylic 1aid (PAS) in the body 1959 Price Sw Ar 25

176 Lars Biork Cincradiographic studies on the Fallopian tubes n rabbits 1959 Price
S Ar 25

177 PenhA VUoRINEN The roentgenograpluc shit methods A survey and analysis of proce
dures based on the use of a narrow bundle of rocntgen rays (scanography) 1959 Price Su
Ar 25

178 BenGT H O RoSENGREN Determination of cull mass by direct X ray absorption
1959 Price Su Ar 25

179 S Huimsiro O Dant R Thowstus K J VisTerior and R Watstau halocure
cobalt 60 therapy at the Rad, E h and dose
1959 Price Su Ar 35

180 Beagt Luwia Motor acunty of the stomach 1959 Price Su Ar 25

181 Per Amunpsin The diagnostic value of conventional radiological examination of the
heart n» adults (Appendix by R G CARPENTER An account of the statistical analysis
of the relative heart volumes of 755 patients m various discase groups ) 1959 Price Sk
Ar 20

182 H M Trum Acoustico cmeradiographic analysts considerations with especial refer
ence to certain consonantal complexes 1959 Price Sw Ar 35

183 ERin Boustn Angiographic studies of the anatomy of single and multiple T
arteries 1959 Price Sw Ar 30

184 Gustar NoTTER A techmique for destruction of the hypophysis using Y*
radiologic endocnine and histologie study 1959 Price Sw Ar 35

185 BengT LirtQuist The subarachnoid cisterns An anatomuc and rocntgenologic study

1959 (Qut of print )

186 Benot Lititquist Pontine angle tumour Encephalogriphic appearances 1959 Price
Sw Ar 30

187 HOLGER SKOLDBORN On the design physical propertics and practical applr
small condenser 1omzation chambers 1959 Price Sw Ar 30

188 Jens NILLSEN Anno Actatis Suac LX Papers dedicated to Jens Nie
radtotherapy at the Unnersity of Copenhagen on hus sixticth anniversary Decel
1959 Price Sw A1 40

189 Orov DaHL and KARL JOHAN VINTERLOF Attainment and value o ;

adiotherapy Some fundamentals with special reference to moving beam “““‘pj
rOO to 250 RV roentgen rays and cobalt 60 camma radiation 1960 Price Sw Ar 3. "

2 REMARR Distnibution and knetics of bromide 1ons 1 the mammaliaa body

mental investigations ustng Br* ® and Br** 1960 Price Sw Ar 30 "

© and INGMAR FERNSTROM Radiologic pelvimetry 1970 Price Sn Ar 0
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193 Pact Fosotm The tomogram lts formation and content 1960 (Out of print)
193 Ramio Rivitvoto Pleural nasa sign of non
endermic anthophyllite asbestosis (Mineralogic appendix by Oravl KLovo ) 1960 Price
S Ar 25
195 SVEN SCHELLER hic studies on hystal growth and ossification in the
ace 1960 Price Sw Ar 35
196 K A Huwtsory and Bo TorngerG Mammary carcinoma The biotogic character of
mammary carcinoma studied 1n 517 cases by a new form of malignancy grading. 1960
Price Sw hr 35
197 Lars R Hotsn The mitotic and radsoprotective effect of cysteine and lysine in rat
1960 Price Sw Ar 30
19 OssornE BarTLEY The 1sometnic relaxation phase of the left ventricle An electrokymo-
graphic study 1960 Price Sw Ar 35
189 Guawak WILLER VESTBY Vaso semunal ! by n h: h
of the prostate with specia! reference to the cjaculatory ducts 1960 Price Sw Ar 35
00 Biorn NorbenstrgM Contrast exammanon of the cardiovascular system duning in
creased intrabronchial pressure 1960 Price Sw Ar 30
00 Govasss Di Ciro  RISA hy and uonal
methods A comparatne study 1961 Price Sw Ar 35
07 Lars Biora. Velopharyngeal function in connected speech Sludies using tomography
N and cineradiography synchromized with speech spectrography 1961 Price Su Ar 25
203 BenGT O Nvi#n Cleft palate and speech A surgical study including obsersations on
selopharyngeal closure duning connected speech using synchronized cineradiography
id sound spectrography 191 Price Sw hr 25
204 S R KiustrG B NoroensTRoM U Ruipne VO Biogk and G MatmsTroM
Jfargwangmgraphxc studies of the mutral and aortic valves 1961 Price Sw Ar 30
UNVAR CARLBERGER Kinetics and of cobalt to
the mammalian body 1961 Price Sw Ar 30
06 Hans Moetl, Kidney size and its deviation from normal s acute renal failure A
m;“lf:l[smdmgnnsuc study 1961 Price Sw Ar 25
IF Kutn Hansen with
o's‘ﬂFommon on the value of the method 1961 Price S» Ar 30
- ]1w LunpwacL Cancer of the vulva A chnical review 1961 Price Sw Ar 30
4 LMART LINDGREN A and studies of mn
CG saccnated and non d subjects with bioph: 1 t of caleified
21{)0“ 1961 Price Sw hr 25
“":z;slamx E Berner The significance of certam tracer kinetical methods especially
M \Ecu to the tracer dynamic deftnition of metabolic turover 1962 Price Sw Ar 30
dex an%m\m P Anrnita U Wecetius A Kaurppita and E Komnvisto Renal coruical
2 LARSAOIth renal 1962 Price Sw Ar 25
oo ,\ontw Pelvic instability 1n newborns with special reference to congenital dis
w N of the htp and hormonal factors A roentgenologic study 1962 Price Sw Ar 30
n ILs-MaGnLs OnLsson  Left beart and aertic blood flow m the dog Precist
a])SXS of hlgh <peed (270 . L on motion
Ar3s 1962 Price Sw

sertal

214 Bengr T;
JERNBERG Lymphography An amimal study on the dia;
Zl?“;mz and inflammation 1962 Price Sw Ar 35 gnoss of V2 car
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171 Owov DanLand K J VIKTIRLOF Dose distributions 1n arc therapy m the 200 to %50
KV range Systematic medsurements mn homogencous phantoms with the beam direction
perpendicular to the oscillation axis 1958 Price Su Ar 35 (This monograph 15 1n two
languages English and German )

172 Prr OpMAN and JAN PuiLiisoN  Aortie valvular diseases studied by percutaneous
thoracic dortography 1958 Price Su Ar 25

173 Erik OvLstab BlorN Wistin and SVIN Erin ENGLUND Disappearance measure
ments Theoretical technica) brological and medical aspects 1959 Price Sw Ar 30

174 LaArs BiLLing and Erin Sevirin Slipping cpiphysis of the hip A roentgenological
and chnical study based on a4 new roentgen techmque 1959 Price Su Ar 35

175 Anc HANNGREN Studics on the dstribution and fate of C'* and T labelled p amino
salicylic acid (PAS) in the body 1959 Price Sw Ar 25

176 LaRs BIora Cineradiographic studics on the Fallopran tubes 1 rabbits 1959 Price
Sw Ar 25

177 PikhA VuoriNeN The roentgenographic slit methods A survey and analysis of proce
dures based on the use of 4 narrow bundle of roentgen rays (scanography) 1959 Price Sn
Ar 25

178 Benat H O Rostnaren  Determunation of cell mass by dircet X ray absorption
1959 Price Sn Ar 25

179 S Hutteere O Dant R Tioraeus K J VIKTERLOF and R Warstan Kilocurte
cobalt 60 therapy at the Radiuml Ec F and dose
1959 Price Su Ar 35

180 Benut LiLia Motor wctivity of the stomach 1959 Pricc Sw Ar 25

181 Per Amunpsen The dragnostic value of conventional radiological cxanunation of the
heart m adults (Appendix by R G Canienter An account of the statistical analysis
of the rclative heart volumes of 755 patients in various discasc groups ) 1959 Price S
Ar 20

182 H M Trusy Acoustico cmeradiographic analysts considerations with espectal refer
cnce to certamn consonantal complexes 1959 Prce Sw hr 35

183 Erin BowsiN  Angiographic studies of the anatomy of single and muluple renal
arteries 1959 Price Sw Ar 30

184 GustAF NOTTER A technique for destruction of the hypophysis using Y®° spheres A
radiologic endocrine and lustologte study 1959 Price Sw Ar 35

185 BINGT LiLiQuist The subarachnoid cisterns An an itomtc and rocntgenologtc study

1959 (Out of print )

186 BLNGT LiLIEQUIST Pontine angle tumour Encephalographic appearances 1959 Price
Sw Kr 30 of

187 HOLGER SKOLDBORN On the design physical propertics and practecal application
small condenser 1omzation chambers 1959 Price Sw Ar 30 of

188 Jens NitLSEN Anno Actatis Suae LX Papers dedicated to Jens Niclsen Pr"fcss""w
radiotherapy at the University of Copenhagen on his sixticth anniversary Docember

e Sw Ar 40

18;953Lol’:l¢[')ml- and KARL JOUAN VIKTERLOF Attainmient and value of precision n dcﬁg
radtotherapy Some fundamentals with special reference to moving beam therapy
200 to 250 KV roentgen rays and cobait 60 gamma radiation 1960 Price Su Ar 35

NE SOREMARA  Distribution and kinetics of bromude 1ons 1 the mammahan body

190 Ry mental vestigations using Br ™ and Br** 1960 Price Su Ar 30

Some C)g‘ocl?:u and INGMAR FERNSTROM Radiologic pelvimetry 1970 Price Sw Ar 30
I1212 gllfs LinpvALL Renal papillary necrosis A roentgenographic study of 155 cases 1960

(Out of print}
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233 Uso Ermson  Circulation p tumps—A hical and
physiological mvestigation 1965 Price Sw hr 35

139 CaRL-GUSTAF STANDERTSAIOLD-INORDENSTAM The pulmonary circulation duning
prcumonia—A cinedensigraphic study 1965 Price Sw Ar 35

10 Axmn CroeretrG  Granulogyfe distnibution in bone marrow blood and different
organs 1n whole body iwradiated rats 1965 Price Sw hr 35

3t Kat St7aLa Decorporation of radiostrontum Radioactive assay techniques—An
expermcrital study on mice 1965 Price Sw Ar 30

4 Surat Taxanasir Ce h Rotation as apphied to
radiography and radiotherapy of cancer 1965 Price Sw Ar 40

43 J T VA Der WereF Radwactine bismuth +Bi—Expermental studics and cimcal
apphications 1965 Price Sw Ar 35

4 Sawrer § Kuronara Effects of tomzing radtion on creahne metabolism 18
pateents treated for malignancy and 1n rats 1965 Price Sw Ar 35

15 PR WESTLING Studies of the prognosis n Hodghn s discase 1965 Price Sw Ar 35
46 SvEN Gotrmar EricssoN Qi hy of and abraded
dentine—A methodological and biological study 1965 Price Sw Ar 5
47 Macrl Witsasato 1 hi i di of ) discase 1965
Price S Ar 35

™3 Sven Scrritrr Roentgenographic studies on the ossification of the distal femoral
epphysis 1965 Price Sw Ar 30

49 Roar Nissew Meyer Castration as part of the primary treatment for operable femate
breast cancer-A statistical cvaluation of chnical results 1965 Price Sw Ar ES)

0 Euts BERveN SyEN HULTBERG HANS-LUDVIG ROTTMEIER ROLF SIEVERT LaRrs SaN
550N and BengT SyLvEn The furst [ifty years Radismhemmet 19101937 and King
Gustafl V Jubilee Clinic 1938-1960 1965 Price Sw Ar 30

351 Mats Haveruing  Renal phlckography—An expenimental study 10 the pig 1966
Price Sw Ar 30

257 Gunwar WesTBERG Gas myelography and percutaneous puncture 1n the diagnosis of
spinal cord cysts 1966 Price Sw Ar 30

J; SVEN TvAR SiLDINGER P hy 1966 Price Sw
r 35

254 FIRST NORDIC RADIATION PROTECTION CONFERENCE Proceedings Stockholm 1966
25delecl by K Liden and Erk Lindgren Price Sw Ar 35

LawREnCE JosepH van CURA Apphcation of digital computers w radation dostmetry

1965 Price Sw &r 35

Birng\s Lupin Aortography Flusd dynamics and technical problems 1966 Price Sw
257 Hiawmar Boun Contrast medium tn kidney during angiography—A densitometric
7;g\:thod for estimation of renal function 1966 Price Sw Ar 30
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practice with special regard to puncture examinations 1962 Price Sw Ar 35

217 Fouke Epsmyr Carcinoma of the vulva An analysis of 560 patients with histologically
venfied squamous cell carcinoma 1962 Price Sw Ar 30

218 P Soita M GROMROOS O hautpia und L PyyhoneN Wasserloshiche viskosterte
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amination for hatus hernia and gastro oesophageal reflux 1963 Price Su Ar 25

220 Max LunbBerG Free movements in the tempor dibular jomnt A cinerad
study 1963 Price Sw Ar 30

221 Ane NorHAGEN Selcctive angiography of the hepatic vems Experimental miestiga
tions of basal circulatory dynamics 1963 Price Sw Ar 35

222 ERLING HAMMER JACOBSEN Genetically sigmficant radiation doses in dragnostic
radiology 1963 Price Sw Ar 35
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225 Grorg THEANDER Varation in shape of gallbladder duning cholccystography 1964
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226 Huco BoGRen The composttion and structure of human gallstones 1964 Price Su
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227 Lars NorDQIST The sagittal diameter of the spinal cord and subarachnoid space 1n
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patients with and without widespread mahignant skeletal discase 1964 Price Snd ;964
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techmques Physical considerations with special reference to radiation protection 1965
e ]

s A i d to colch between benrgn
il 1n phar y o
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47 Sungt Tanauasl Ce Rotation as applwed to
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8 Svev Schruer Roentgenographic studies on the ossifi ation of the distal femoral
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86 Joroen Jenses Malformattops of the inner ear Jeal children—A tomographic and
choical study 1969 Price S Ar 35

87 Pevtir) TasnDvEN and TNM classifs of cancer of the laynx—A
5o dy bagd on 1 447 cases seen at the Radiotherapy Clinic of Helsinks during 1936-1961
1969 Price Sw Ar 35

48 Romerr T Nast Decision processes cmployng radionotope scanqung. 1969 Price Sw
kr 35

289 Smina Winiasaro 1 hic pok tusm in Hodghun s d Correl
of lymphography to histology and duravion 1969 Price Sw Ar 33
90 LiF Weasper  Multicol b images m hy-—~A new
method and its appl 1969 Price Sw hr 40

91 ltona Sarech ProLa Failure of malignant cpidermal cells to respond to vinblasune
sulfate—A study 1n skin tumor reststant muce 1969 Price Sw Ar 35

92, GiovANST RUGGIERD GIANFRANCO CRIsTE and CLALDIO TREVISAN Chinical aspects of
encephalography 1969 Price Sw Ar 30

93 Prka ViRTama and Tapio Hertra Radiographic measurements of cortical bone—
Verations in 2 normal population between 1 and 90 years of age 1969 Price Sw Ar 20
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microscopic study 1 shin twmoF resistant mice 1969 Price Sw hr %0

3% Kaarrva Toury Katsica Heart size by 1970 Price
Su Ar 35

9% Hass RovsinG O A hic-¢l 1 study 1970 Price Sw Ar 35
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;lon 1970 Price Sw Kkr 35

S'iiouw EbGrex Effect of cysteine on chromosome aberrations tduced by radiation
;’3 uman lymphocytes in vitro 1970 Price Sw Ar 30

% l;\l:\‘ESL\DGN:V Selective angiography of the left gastnic ariery 1970 Price Sw Ar 35

111s KRoiGAARD The lower unnary tract n nfancy and childhood—Mictuntion

phy with pressure flow 1970 Price Sw Ar 35
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mihn;N studies 1970 Price Sw Ar 35

" E:loclmr Joersson Radiotherapy of carcinoma of the utenine cervix with special regard
5 Mr:a wradiaion 1970 Price Sw Ar 35

U]lrasou]: :‘mu Location of the placenta — A comparison between radiography
oy asound, ¢ ermography isotopes 1971 Price Sw Ar 25

von ot :\;r Dientr Intraosscous phlebography of the lower imb—Postmortem ivestiga
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262 KrAS ROSENGREN Hyaline membrane di: A rad
1967 Price Sw Ar 35

263 JaN NiLssoN Angrography in tumours of the urinary bladder 1967 Price $n kr 35

264 Per Erik HEREL Postmortal changes of the lung—A roentgenographic microscopic
and bacteriological follow up study on a pediatric series and on animals with cxperimental
pneumoma 1967 Price Sw Ar 30

265 KALSLTALA OTTO NYYSSONEN and BiorN Linoroos Ultrastructural changes in bemgn
and mahgnant epidermal states 1 mice after toprcal beta radration 1967 Price Sw Ar 30

266 GORAN NYLANDER Vascular response to vasopressin as reflected in angiography—
An expertmental study i the dog 1967 Price Sw Ar 35

267 JouaN FouN Angrography in renal tumours—Its value n diagnosis and diferenttal
diagnosis as a complement to conventional methods 1967 Price Sw Ar 35

268 Lero Tata Carcinoma of the lung—A retrospective study with special reference to
pre diagnosiy period and roentgenographic signs 1967 Price Sw Ar 35

269 CarL O HenrinsoN Todine 125 as a radiation source for odontological rocatgenology
1967 Price Sw Ar 35

270 CATIONS IN INTRAVASCULAR CONTRAST MEDIA AND DEVELOPMENT OF SPLCIFIC METRIZOATE
FORMULAS ~~ PHARMACOLOGIC AND CLINICAL sTUDIES Proc Symposia at Copenhagen
November 1964 and Sandefjord September 1966 1967 Price Su Ar 40

271 ErNA TArkiAiNeN Intracostal vein meningorachidography—A techmcal anatomic
and chinieal study 1967 Price Sw Ar 35

272 ALLAN LUNDERQUIST Artenial segmental supply of the liver—An angiographic study
1967 Price Sw Ar 35

273 KAl SCTAIA Max SINRALA OTTO NyyssonkN and LRNA TARKIAININ Quantifaine
three dimensional scintillography of the stomach with technctium (*"Tc) 1967 Price
Sw Ar 30

274 Prr BErGwo Radition induccd carly changes i size ana vascularity of cervical car
cinoma—A colpophotographic and chimical study 1968 Price Sw Ar 35

275 Sune EricsoN The parotrd gland 1n subjects with and without rheumatord arthritts
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279 BraTiL JARILID Radiation induced asymmetry and lymphoma of thymus in mie
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280 ErnilM LAAsONEN Information transmisston in rocntgen diagnostic chams—Expert
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336 Sven Scuerren and Lars MaRTENsON Traumatic dislocation of the patella A radio-
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318 Ovec MaTtissoN Formation of the tomographic mage—With special reference to
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